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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 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 Division of Chemical and Biological
Carcinogenesis, International Agency for Research on Cancer, Lyon,
France, in order that the chemical may be considered for re-evaluation
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
communicate any errors to the Division of Chemical and Biological Car-
cinogenesis, so that corrections can be reported in future volumes.



IARC MONOGRAPH PROGRAMME ON 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 with the
object of producing monographs on individual chemicals!. The criteria established at
that time to evaluate carcinogenic risk to humans were adopted by all the working groups
whose deliberations resulted in the first 16 volumes of the /JARC Monograph series. In
October 1977, a joint IARC/WHO ad hoc Working Group met to re-evaluate these guiding
criteria; this preamble reflects the results of their deliberations(1) and those of a sub-
sequent |ARC ad hoc Working Group which met in April 1978(2).

OBJECTIVE AND SCOPE

The objective of the programme is to elaborate and publish in the form of mono-
graphs critical reviews of data on carcinogenicity for groups of chemicals to which humans
are known to be exposed, to evaluate those data in terms of human risk with the help of
international working groups of experts in chemical carcinogenesis and related fields, and
to indicate where additional research efforts are needed.

The monographs summarize the evidence for the carcinogenicity of individual
chemicals and other relevant information. The critical analyses of the data are intended
to assist national and international authorities in formulating decisions concerning preven-
tive measures. No recommendations are given concerning legislation, since this depends on
risk-benefit evaluations, which seem best made by individual governments and/or other in-
ternational agencies. In this connection, WHO recommendations on food additives(3),
drugs(4), pesticides and contaminants(5) and occupational carcinogens(6) are particularly
informative.

1Since 1972, the programme has undergone considerable expansion, primarily with the scientific
collaboration and financial support of the US National Cancer Institute, Bethesda, MD.

1
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The /ARC 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.

Since the programme began in 1971, 24 volumes have been published(7) in the
IARC Monograph series, and 531 separate chemical substances have been evaluated (see also
cumulative index to the monographs, p. 317 ). Each volume is printed in 4000 copies and
distributed via the WHO publications service (see inside covers for a listing of |ARC public-
ations and back outside cover for distribution and sales services).

SELECTION OF CHEMICALS FOR MONOGRAPHS

The chemicals (natural and synthetic, including those which occur as mixtures and in
manufacturing processes) are selected for evaluation on the basis of two main criteria: (a)
there is evidence of human exposure, and (b) there is some experimental evidence of carcino-
genicity and/or there is some evidence or suspicion of a risk to humans. In certain instances,
chemical analogues were also considered. The scientific literature is surveyed for published
data relevant to the monograph programme. In addition, the |ARC Survey of Chemicals
Being Tested for Carcinogenicity(8) often indicates those chemicals that are to be scheduled
for future meetings.

Inclusion of a chemical in a volume does not imply that it is carcinogenic, only that
the published data have been examined. The evaluations must be consuited to ascertain the
conclusions of the Working Group. Equally, the fact that a chemical has not appeared in a
monograph does not mean that it is without carcinogenic hazard.

As new data on chemicals for which monographs have already been prepared and new
principles for evaluating carcinogenic risk receive acceptance, re-evaluations will be made at
subsequent meetings, and revised monographs will be published as necessary.

WORKING PROCEDURES

Approximately one year in advance of a meeting of a working group, a list of the
substances to be considered is prepared by IARC staff in consultation with other experts.
Subsequently, all relevant biological data are collected by IARC; in addition to the published
literature, US Public Health Service Publication No. 149(9) has been particularly valuable and
has been used in conjunction with other recognized sources of information on chemical
carcinogenesis and systems such as CANCERLINE, MEDLINE and TOXLINE. The major
collection of data and the preparation of first drafts for the sections on chemical and physical
properties, on production, use, occurrence and on analysis are carried out by SRI
International, Stanford, CA, USA under a separate contract with the US National Cancer
Institute. Most of the data so obtained on production, use and occurrence refer to the
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United States and Japan; SRI International and IARC supplement this information with
that from other sources in Europe. Bibliographical sources for data on mutagenicity and
teratogenicity are the Environmental Mutagen Information Center and the Environmental
Teratology Information Center, both located at the Oak Ridge National Laboratory, TN,
USA.

Six to nine months before the meeting, reprints of articles containing relevant bio-
logical data are sent to an expert(s), or are used by the IARC staff, for the preparation of
first draft monographs. These drafts are edited by |ARC 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 mono-
graphs and to formulate the evaluations. After the meeting, the master copy of each mono-
graph is verified by consulting the original literature, then edited and prepared for reproduc-
tion. The monographs are usually published within six months after the Working Group
meeting.

DATA FOR EVALUATIONS

With regard to biological data, only reports that have been published or accepted for
publication are reviewed by the working groups, although a few exceptions have been made.
The monographs do not cite all of the literature on a particular chemical: 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 mono-
graphs have appeared is urged to make them available to the Division of Chemical and
Biological Carcinogenesis, International Agency for Research on Cancer, Lyon, France.

THE WORKING GROUP

The tasks of the Working Group are five-fold: (a) to ascertain that all data have been
collected: (b) toselect the data relevant for the evaluation; (c) to ensure that the summaries
of the data enable the reader to follow the reasoning of the committee; (d) to judge the
significance of the results of experimental and epidemiological studies; and (e) to make 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. 5 ). Each member serves as an individual scientist and not as a represen-
tative of any organization or government. In addition, observers are often invited from
national and international agencies, organizations and industries.

13
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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 obser-
ved, 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 situations. 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. In the monographs, the words ‘tumour’ and
‘neoplasm’ are used interchangeably. (In scientific literature the terms ‘tumourigen’, ‘on-
cogen’ and ‘blastomogen’ have all been used synonymously with ‘carcinogen’, although
occasionally ‘tumourigen’ has been used specifically to denote a substance that induces
benign tumours.)

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: (a) the experimental parameters under which the chemical was
tested, including route of administration and exposure, species, strain, sex, age, etc.; (b)
the consistency with which the chemical has been shown to be carcinogenic, e.g., in how
many species and at which target organ(s); (c) the spectrum of neoplastic response, from
benign neoplasia to multiple malignant tumours; (d) the stage of tumour formation in
which a chemical may be involved: some chemicals act as complete carcinogens and have
initiating and promoting activity, while others are promoters only; and (e) the possible role
of modifying factors.

There are problems not only of differential survival but of differential 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.

Many chemicals induce both benign and malignant tumours; few instances
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’ that do not readily undergo transition to malignancy.
If a substance is found to induce only benign tumours 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 endogenously and exogenously; in many instances, long exposure is required;
tumours occur in the target tissue in association with a stimulation of non-neoplastic growth,
but in some cases, hormones promote 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 evaluative methods compar-
able 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.
Synthetic hormones and anti-hormones can be expected to possess other pharmacological
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 carcinogenesis: the confi-
dence with which a carcinogenic effect can be established is strengthened by the observation
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), 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 parameters. Nevertheless, indices of carcinogenic
potency in particular experimental systems [for instance, the dose-rate required under con-
tinuous exposure to halve the probability of the animals remaining tumourless(10)] 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 biological properties, which
include metabolism to reactive [electrophilic(11-13)] intermediates capable of interacting
with DNA. The reason for this variation in dose-response is not understood, but it may be
due either to differences within a common metabolic process or to the operation of qual-
itatively distinct mechanisms. '
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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 this possibility must be
allowed for. 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(10), with associated
significance tests(14,15), are recommended.

For internal neoplasms which are discovered ‘incidentally’(14) at autopsy but which
did not cause the death of the host, different estimates(16) and significance tests(14,15)
may be necessary for the unbiased study of the numbers of tumour-bearing animals.

All of these methods(10,14-16) 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 simul-
taneous sacrifice of many animals, analysis of the total numbers 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.

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 indivi-
dual cancer patients (case reports), including a history of exposure to the supposed carcino-
genic agent; (2) descriptive epidemiological studies in which the incidence of cancer in
human populations 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. (a) 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 casecontrol studies, better documentation of exposure to the agent for
cases than for controls, and, in cohort studies, the use of better means of detecting cancer in
individuals exposed to the agent than in individuals not exposed.] (b) The possibility of
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positive confounding has been considered. [By ‘positive 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.] (c) The association is unlikely to be due to chance alone. (d) The
association is strong. (e) 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.

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: (a) there is no identifiable negative bias; (b) the possibility of negative confounding
has been considered; and (c) the possible effects of misclassification of exposure or outcome
have been weighed.

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 observed 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 observed 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
be approximated.
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Information compiled from the first 24 volumes of the /JARC Monographs(17-19)
shows that of the 37 chemicals, groups of chemicals or manufacturing processes now
generally accepted to cause or probably 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 of the chemicals that are carcinogenic for humans
(aflatoxins, 4-aminobiphenyl, diethylstilboestrol, melphalan, mustard gas and vinyl
chloride), evidence of carcinogenicity in experimental animals preceded evidence obtained
from epidemiological studies or case reports.

In general, the evidence that a chemical produces tumours in experimental animals is
of two degrees: (a) sufficient evidence of carcinogenicity is provided by the production of
malignant tumours; and (b) /imited evidence of carcinogenicity reflects qualitative and/or
quantitative limitations of the experimental results.

For many of the chemicals evaluated in the first 24 volumes of the JARC Monographs
for which there is sufficient evidence of carcinogenicity in animals, data relating to carcino-
genicity for humans are either insufficient or nonexistent. In the absence of adequate data
on humans, it is reasonable, for practical purposes, to regard such chemicals as if they pre-
sented a carcinogenic risk to humans.

Sufficient evidence of carcinogenicity is provided by experimental studies that show
an increased incidence of malignant tumours: (i) in multiple species or strains, and/or (ii)
in multiple experiments (routes and/or doses), and/or (iii) 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 rela-
tionship 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(20,21), 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 evalua-
tion 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 develop-
ment.
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Evidence for the carcinogenicity of some 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 neo-
plasms, 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 car-
cinogenicity of chemicals. Such tumours occur spontaneously in high incidence in these
animals, and their malignancy is often difficult to establish. An evaluation of the significance
of these tumours following administration of a chemical is the responsibility of particular
Working Groups preparing individual monographs, 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 completeness of reporting.

Some chemicals for which there is /imited 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 ‘/imited evidence’ of carcino-
genicity 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 potential carcinogens
have been developed. When only inadequate experimental data are available, positive
results in validated short-term tests (see p. 23) are an indication that the compound is a
potential carcinogen and that it should be tested in animals for an assessment of its carcino-
genicity. Negative results from short-term tests cannot be considered sufficient evidence to
rule out carcinogenicity. Whether short-term tests will eventually be as reliable as long-term
tests in predicting carcinogenicity in humans will depend on further demonstrations of
consistency with long-term experiments and with data from humans.

19
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EXPLANATORY NOTES ON THE MONOGRAPH CONTENTS
Chemical and Physical Data (Section 1)

The Chemical Abstracts Service Registry Number, the latest Chemical Abstracts Pri-
mary Name (9th Collective Index)(22) and the IUPAC Systematic Name(23) are recorded
in section 1. Other synonyms and trade names are given, but no comprehensive list is pro-
vided. 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 (e.g.,
lipid solubility) and those that concern identification. In this volume, ultra-violet spectro-
metric data are expressed in a new symbol devised by the International Union of Spectro-
scopists, A (1%, 1 cm), i.e., absorbance of a 1% solution examined as a 1-cm layer.

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 commer-
cial production of the chemical are provided. In addition, methods of synthesis used in past
and present commercial production are described. This information allows a reasonable
estimate to be made of the date before which no human exposure could have occurred.

Production

Since Europe, Japan and the United States are reasonably representative indus-
trialized areas of the world, most data on production, foreign trade and uses are obtained
from those countries. It should not, however, be inferred that those nations are the sole or
even the major sources or 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 some cases, separate
production data on organic chemicals manufactured in the United States are not available
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because their publication could disclose confidential information. In such cases, an indica-
tion of the minimum quantity produced can be inferred from the number of companies
reporting commercial production. Each company is required to report on individual
chemicals if the sales value or the weight of the annual production exceeds a specified mini-
mum level. These levels vary for chemicals classified for different uses, e.g., medicinals and
plastics; in fact, the minimal annual sales value is between $1000 and $50,000 and the mini-
mal 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 compounds being evaluated. Information from the completed
questionnaires is compiled by country, and the resulting estimates of production are in-
cluded 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 complemented 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, max-
imum 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 regulations.

Occurrence

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

Analysis
The purpose of the section on analysis is to give the reader an indication, 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.
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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, comments made by the Working Group on certain shortcomings of reporting, of
statistical analysis or of experimental design are given in square brackets. The nature and
extent of impurities/contaminants in the chemicals being tested are given when available.

Carcinogenicity studies in animals

The monographs are not intended to cover all reported studies. Some studies are
purposely omitted (a) because they are inadequate, as judged from previously described
criteria(24-27) (e.g., too short a duration, too few animals, poor survival); (b) because
they only confirm findings that have already been fully described; or (c) because they are
judged irrelevant for the purpose of the evaluation. In certain cases, however, such studies
are mentioned briefly, particularly when the information is considered to be a useful supple-
ment 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 been done(5, 26). In most
cases, animal strains are given. [General characteristics of mouse strains have been reviewed
(28).] Quantitative data are given to indicate the order of magnitude of the effective car-
cinogenit doses. In general, the doses and schedules are indicated as they appear in the
paper; sometimes units have been converted for easier comparison. Experiments in which
the compound was administered in conjunction with known carcinogens and experiments
on factors that modify the carcinogenic effect are also reported. Experiments on the
carcinogenicity of known metabolites, chemical precursors, analogues and derivatives are
also included.

Other relevant biological data

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

Data on effects on reproduction, teratogenicity, feto- and embryotoxicity from studies
in experimental animals and from observations in humans are also included. There appears
to be no causal relationship between teratogenicity (29) and carcinogenicity, but chemicals
often have both properties. Evidence of prenatal toxicity suggests transplacental transfer,
which is a prerequisite for transplacental carcinogenesis.

Indirect tests (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 the production not of neoplasms in animals but of
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 mammal-
ian cells in culture, and other systems.

The short-term tests are proposed for use (a) in predicting potential carcinogenicity
in the absence of carcinogenicity data in animals, (b) as a contribution in deciding which
chemicals should be tested in animals, (c) in identifying active fractions of complex mix-
tures containing carcinogens, (d) for recognizing active metabolites of known carcinogens in
human and/or animal body fluids and (e) to help elucidate mechanisms of carcinogenesis.

Although the theory that cancer is induced as a resuit of somatic mutation suggests
that agents which damage DNA /n vivo may be carcinogens, the precise relevance of short-
term tests to the mechanism by which cancer is induced is not known. Predictions of poten-
tial 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 number of chemicals known to be carcinogenic in humans is insuff-
icient 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 bioassays is still under investigation.
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Since many chemicals require metabolism to an active form, tests that do not take this
into account may fail to detect certain potential carcinogens. The metabolic activation
systems used in short-term tests (e.g., the cell-free systems used in bacterial tests) are meant
to approximate the metabolic capacity of the whole organism. Each test 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. Deficiencies in
metabolic competence may lead to misclassification of chemicals, 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 carcinogenicity. Before the results of a
particular test can be considered to be fully acceptable for predicting potential carcino-
genicity, certain criteria should be met: (a) the test should have been validated with respect
to known animal carcinogens and found to have a high capacity for discriminating between
carcinogens and noncarcinogens, and (b), 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(30-34), the X-linked recessive lethal
test in Drosophila melanogaster(35), unscheduled DNA synthesis(36) and /n vitro transform-
ation(34,37). Each is compatible with current concepts of the possible mechanism(s) of car-
cinogenesis.

An adequate assessment of the genetic activity of a chemical depends on data from a
wide range of test systems. The monographs include, therefore, data not only from those
already mentioned, but also on the induction of point mutations in other systems(38-43),
on structural(44) and numerical chromosome aberrations, including dominant lethal effects
(45), on mitotic recombination in fungi(38) and on sister chromatid exchanges(46-48).

The existence of a correlation between quantitative aspects of mutagenic and carcino-
genic activity has been suggested (5,45-51), but it is not sufficiently well established to
allow general use.

Further information about mutagenicity and other short-term tests is given in
references 46-54.
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Case reports and epidemiological studies
Observations in humans are summarized 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 the chemical in animals are
summarized in this section. The animal species mentioned are those in which the carcino-
genicity of the substance was clearly demonstrated. Tumour sites are also indicated. If the
substance has produced tumours after prenatal exposure or in single-dose experiments, this
is indicated. Dose-response data are given when available.

Results from validated mutagenicity and other short-term tests and from tests for pre-
natal toxicity are reported if the Working Group considered the data to be relevant.

Human data

Human exposure to the chemical is summarized on the basis of data on production,
use and occurrence. Case reports and epidemiological studies that are considered to be
pertinent to an assessment of human carcinogenicity are described. Other biological data
which are considered to be relevant are also mentioned.

Evaluation

This section comprises the overall evaluation by the Working Group of the carcino-
genic 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 this evaluation.
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GENERAL REMARKS ON THE SUBSTANCES CONSIDERED

This twenty-fourth volume of /JARC Monographs covers a number of miscellaneous
pharmaceutical drugs. Certain other drugs have been considered in previous volumes of
monographs in this series (IARC, 1973, 1974a,b,c, 1975, 1976a,b, 1977, 1979). Since new
data had become available on several of these - phenacetin, phenoxybenzamine and
reserpine - the monographs on these substances were updated.

Many pharmaceutical drugs contain amine groups, which, in principle, can be conver-
ted to N-nitroso compounds by reaction /n vitro with nitrite under conditions similar to
those prevailing in the human stomach. Monographs on such drugs were not prepared;
however, a short section briefly describes the chemistry of N-nitrosation processes and lists
references to studies of carcinogenicity and mutagenicity in which the drugs were tested in
combination with nitrite or in which the N-nitrosation products themselves were adminis-
tered. Some of the drugs can react /n vivo with nitrite to form N-nitrosamines, several
of which were evaluated by a previous Working Group (IARC, 1978).

The Working Group felt that full consideration of the problem of N-nitrosation and its
relevance to the human situation should be deferred to a future meeting, since many classes
of compounds, including drugs, pesticides and other industrial chemicals, can undergo such
reactions; further evidence is needed to assess the extent of nitrosation processes in humans
in vivo.

Regulatory requirements that include assay, identification and limit tests for im-
purities in pharmaceutical-grade drugs or pharmaceutical products are given in various
national and international pharmacopoeias, such as the British Pharmacopoeia, The US
Pharmacopeia, the WHO International Pharmacopoeia and the European Pharmacopoeia;
and such information is given for a number of drugs considered in this volume. No attempt
was made to give such requirements in detail in the sections on analysis; however, simple
and effective methods for testing the purity of both pure and formulated drugs are out-
lined. In certain cases, however, it should be noted that the content of active ingredient
stated may be somewhat misleading when considered in isolation; thus, the range given
takes into account not only variations in the content of the substance itself but also possible
variations in the methods of analysis.

When evaluating drug-cancer relationships in humans, the Working Group stressed
that the following points should be considered:

(1) The disease for which the drug is given may predispose to cancer.

(2) The prescribing of a drug may increase the possibility of diagnosis of the cancer
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without increasing its true incidence; this assumes that in some cases the cancer
may go undiagnosed unless the drug is prescribed or some similar event occurs.

(3) When drugs are used in combination, it is virtually impossible, on the basis of
epidemiological data, to incriminate a particular component of the combination.

When evaluating experiments carried out to investigate the carcinogenicity of drugs
in experimental animals, the Working Group noted that:

(1) Drugs are often tested at doses higher than the therapeutic dose.

(2) The purity and chemical form of the compound being tested are not always
given.

(3) In tests of photoactive compounds, the protocol used was not adequate
to evaluate the carcinogenicity of the compound alone.

Most of the drugs considered are used currently; some are being phased out; others
may be phased out in future; and others may be considered for future use or for uses
different from their present ones. Some details of present use patterns are provided for all
compounds, since these may be particularly important for epidemiological studies.

Evaluations of carcinogenic risk were made purely on the basis of the available
scientific data, taking into account both the experimental and human results. Any risk/
benefit evaluations leading to legislative decisions are the prerogative of others.
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1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 637-07-0
Chem. Abstr. Name: Propanoic acid, 2-(4-chlorophenoxy)-2-methyl, ethy! ester
IUPAC Systematic Name: Ethyl 2-(4-chlorophenoxy)-2-methylpropionate

Synonyms: 2-(4-Chlorophenoxy)-2-methylpropanoic acid ethyl ester; 2-(para-chloro-
phenoxy)-2-methylpropionic acid ethy! ester; ethyl chlorophenoxyisobutyrate;

ethyl para-chlorophenoxyisobutyrate; ethyl 2-(para-chlorophenoxy)isobutyrate;
ethyl a-(4-chlorophenoxy)-isobutyrate; ethyi a-(para-chlorophenoxy)isobutyrate;
ethyl 2-(4-chlorophenoxy)-2-methylpropionate; ethyl 2-(para-chlorophenoxy)-2-
methylpropionate; ethyl-a-(4-chlorophenoxy)-a-methylpropionate; ethyl-a-(para-
chlorophenoxy)-a-methylpropionate; ethyl clofibrate

Trade names: Amotril; Amotril S; Angiokapsul; Anparton: Antilipid; Antilipide;
Apolan; Arterioflexin; Artes; Ateculon; Ateriosan; Aterosol; Athebrate;
Atheromide; Atheropront; Athranid-Wirkstoff; Atrolen; Atromid; Atromida;
Atromidin; Atromid-S; Atrovis; AY 61123; Azionyl; Bioscleran; Bresit; Cartagyl;
Cinnarizin; Citiflus; Claripex; Clobrat; Clobren-5F: Clobren-SF; Clofar;
Clofibram; Clofibrat; Clofinit; Clofipront; CPIB; Deliva; Dura Clofibrat;

Elpi; EPIB; Fibralem; Gerastop; Hyclorate; ICl 28257:; Klofiran; Levatrom;
Lipamid; Lipavil; Lipavion; Lipide 500; Lipidsenker:; Lipofacton; Lipomid;
Liponorm; Liporeduct; Liporil; Liposid; Liprin: Liprinal; Lobetrin; Miscleron;
Negalip; Neo-Atromid; Normalip; Normat; Normet; Oxan 600; Persantinat;
Recolip; Regardin; Regelan; Regelan N; Robigram: Scrobin; Serofinex; Serotinex;
Skerolip; Skleromex; Skleromexe; Sklero-Tablinen; Sklero-Tabuls; Ticlobran;
Vincamin compositum; Xyduril; Yoclo
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1.2 Structural and molecular formulae and molecular weight

CH,

1
cu@-o—-?—cooczﬂ,

CH,

C,,H,<Cl0, | Mol. wt: 242.7

1.3 Chemical and physical properties of the pure substance

From Wade (1977) or Windholz (1976) unless otherwise specified

(a)
(b}
(c)
(d)

fe)

(7)

(g)

Description: Clear, almost colourless oily liquid

Boiling-point: 148-150°C at 2.7 kPa (20 mm Hg)

Density: d*° 1.138-1.144

Refractive index: n'?g,s 20-5s = 1.500-1.505 (British Pharmacopoeia Commission,

1973)

Spectroscopy data: A, (dehydrated ethanol): 226 nm, A(1%, 1 cm) =910;
280 nm, A{1%, 1 cm) = 87; 288 nm, A(1%, 1 cm) = 62 (British Pharmacopoeia
Commission, 1973). Infrared spectral data have been tabulated (US Pharmacopeial
Convention, Inc., 1975).

Solubility: Practically insoluble in water; readily miscible with ethanol, acetone,
chloroform and diethyl ether

Stability: Sensitive to oxidation and light; easily hydrolysed

1.4 Technical products and impurities

Various national and international pharmacopoeias give specifications for the purity
of clofibrate in pharmaceutical products. For example, clofibrate is available in the US as
a USP grade containing 97.0-0-103.0% active ingredient calculated on the anhydrous basis;
it should not contain more than 0.2% water or more than 0.003% para-chlorophenol. In the
British Pharmacopoeia, stringent methods are described to ensure that clofibrate does not
contain free phenolic materials and related volatile substances (British Pharmacopoeia
Commission, 1973). A number of specifically identified, related impurities have been repor-
ted in commercially available samples of clofibrate such as 4-bromo- and 2,4-dichloro-
derivatives (Johansson & Ryhage, 1976).
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It is available in the US in 500 mg doses as capsules containing 90.0-110.0% of the
stated amount of clofibrate (US Pharmacopoeial Convention Inc., 1975); 500 mg doses as
capsules are also available in the UK (British Pharmacopoeia Commission, 1973). In Japan,
clofibrate is available in 125, 250 and 500 mg doses as capsules.

2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

Clofibric acid was first synthesized in 1947, but the ethyl ester, clofibrate, was not
mentioned until 1961 (Windholz, 1976). The effect of clofibrates on reducing plasma lipids
was discovered by Thorp & Waring (1962).

One reported method of producing clofibrate involves use of para-chlorophenol,
chloroform and acetone as starting materials, to give clofibric acid, which is subsequently
esterified with ethanol. It is not known, however, whether this is the only method used for
commercial production.

No evidence was found that clofibrate has ever been produced in commercial quan-
tities in the US. Imports through the principal US customs districts amounted to 475.8
thousand kg in 1977 (US International Trade Commission, 1978) and to 196.4 thousand kg
in 1978 (US International Trade Commission, 1979).

There are about 10 producers of clofibrate in western Europe, with an annual produc-
tion of 50,000-100,000 kg. It is believed to be produced by one company each in Austria,
the Federal Republic of Germany, Scandinavia, Switzerland and the UK; by two companies
in Spain; and by three companies in 1taly. Production in eastern Europe is about 50,000-
100,000 kg/yr; only small quantities are exported.

Clofibrate is produced by two companies in Japan, which had a combined annual
production of about 65 thousand kg in 1975-1978.

(b) Use

Clofibrate is used to lower plasma lipid levels. It appears to cause mobilization of chol-
esterol from tissues, and xanthomatous deposits often regress; it also causes inhibition of
cholestero!l synthesis and increased excretion of neutral sterols. The drug is usually used
orally in a dose of 2 g per day taken in 2-4 portions (Goodman & Gilman, 1975).
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Following the report of a WHO-sponsored cooperative study of the use of clofibrate
in the primary prevention of ischaemic heart disease (Committee of Principal Investigators,
1978), it was withdrawn in the Federal Republic of Germany and in Norway in early 1979.
In a number of other countries, including France, Italy, Sweden, Switzerland, the UK and the
US (where the drug is available only on prescription), practitioners have been advised to re-
serve its use for patients with high plasma lipid concentrations that are refractory to dietary
measures and to consider carefullly the risks and benefits of the treatment. It was reintro-
duced in the Federal Republic of Germany in August 1979 (WHO, 1979).

The US Food and Drug Administration (1979) has recommended that, due to the
possible risk of malignancy and definitely increased risk of cholelithiasis in humans, clofibrate
is presently indicated only in limited circumstances in the treatment of primary hyperlipid-
aemias. It has thus been recommended that clofibrate be given only when other dietary
means are ineffective and only to patients with significant hyperlipidaemia and high risk of
arterial disease.

2.2 Occurrence

Clofibrate is not known to occur in nature. Clofibric acid, the active form is a hy-
drolysis product of clofibrate and has been detected in effluents from sewage treatment
plants as a result of human consumption. The average level detected was 7.09 ug/l (Hignite
& Azarnoff, 1977).

2.3 Analysis
Typical methods of analysis for clofibrate in various matrices are summarized in Table

1. Abbreviations used are: GC/ECD, gas chromatography with electron capture detection;
NMR, nuclear magnetic resonance spectrometry; UV, ultra-violet spectrometry.
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Table 1. Analytical methods for clofibrate
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Sample matrix Sample preparation Assay Limit of Reference
procedure  detection
Capsules and pure  Add internal standard and NMR not given Hassan & Loutfy,
compound acetone-D 6 1979
Add methanol; pass through basic uv not given US Pharmacopeial
polystyrene anion-exchange resin ; Convention, Inc.,
dilute with methanol 1975
Blood plasma Acidify with hydrochloric acid; GC/ECD 10 pg Pellizzari & Seltzman,

extract with benzene; evaporate;

add acetonitrile, diisopropylethyl-
amine and pentafluorobenzyl bro-
mide; evaporate; add sodium bi-

carbonate; extract with hexane

1978
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals
(a) Oral administration

Rat: A group of 15 male Fischer 344 rats, weighing 84-100 g, were fed clofibrate
(purity not specified) at a dietary concentration of 0.5% (v/w) [about 250 mg/kg bw per
day] in ground rat chow for up to 28 months. A group of 15 untreated controls was avail-
able. Of treated animals, 1 rat was killed at 13 months and 3 more between 17 and 21
months. The remaining 11 rats were killed between 24 and 28 months. One or more hepato-
cellular carcinomas developed in 10/11 rats, compared with 0/14 controls (P< 0.001); 5 of
the animals with hepatocellular carcinomas showed metastases. In addition, pancreatic
exocrine acinar carcinomas were found in 2/11 rats, a dermatofibrosarcoma in 1 rat and a
leiomyoma of the intestine in 1 rat in the clofibrate-fed group. No such tumours were seen in
controls (Reddy & Qureshi, 1979).

Clofibrate (purity not specified) was fed at a dietary concentration of 0.5% to 25 male
Fischer 344 rats, weighing approximately 100 g, for 72-97 weeks, to give a total intake of
25-33 g clofibrate per rat. A group of 25 male rats were used as controls. The study was
terminated at 129 weeks when all survivors were killed. Among the treated rats, 10
developed malignant tumours at various sites; the first tumour, a hepatocellular carcinoma,
appeared at 72 weeks. Hepatocellular carcinomas were found in 4/25 rats; all 4 tumours were
successfully transplanted. Among the other tumours observed were a pancreatic exocrine
acinar carcinoma in 1 rat and pancreatic exocrine acinar adenomas in 3 rats; an adeno-
carcinoma of the stomach in 1 rat; a renal-cell carcinoma in 1 rat; a papillary carcinoma of
the urinary bladder in 1 rat; a sarcoma of the urinary bladder in 1 rat; a sarcoma of the
parotid in 1 rat; sarcomas of the lungin 2 rats; and a lymphosarcoma involving the pancreas
in 1 rat. None of these tumours were encountered in the 25 control rats. Interstitial-cell
tumours of the testes were seen in 5/25 treated and 5/25 control animals (Svoboda &
Azarnoff, 1979).

(b) Other experimental systems

Administration in conjunction with a known carcinogen: Thirty male Fischer 344 rats
that were pretreated with N-nitrosodiethylamine (NDEA) (100 mg/l in the drinking-water)
for 2 weeks and given a control diet and water for 1 week were subsequently given clofibrate
(purity not specified) at a dietary concentration of 0.5% [v/w] for 48 weeks, at which time
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the experiment was terminated. Clofibrate significantly (P< 0.001) enhanced the develop-
ment of liver tumours in rats previously exposed to NDEA: 25/28 rats given NDEA plus
clofibrate had livercell tumours (type not specified) versus 5/18 (3 hepatocellular
carcinomas) in the group given NDEA alone (Reddy & Rao, 1978).

3.2 Other relevant biological data
{a) Experimental systems

Toxic effects

The oral LD, of clofibrate in mice is 1280 mg/kg bw and that in rats 1650 mg/kg bw
(Metz et al., 1977).

Prenatal toxicity

Clofibrate has been tested in pregnant animals in several studies, and, although no fetal
defects have been reported, relative enlargement of the liver in proportion to the body of
newborn rats has been found (Chhabra & Kurup, 1978) as well as an abnormal postnatal
fetal thrombosis syndrome. The postnatal thrombosis consisted of an extension of the
normal thrombosis in the umbilical arteries, and this caused necrosis of the tail or parts of
the hindlimbs (Dange et a/., 1975).

With doses of 200 mg/kg bw per day given to both male and female rats, both before
and during gestation, a significant decrease in litter size was observed (P< 0.05). With doses
of 500 mg/kg bw, the number of pregnancies was decreased from 7/8 to 0/8 (P< 0.005). No
such effects were found when female rabbits were treated similarly (Pantaleoni & Valeri,
1974). In a preliminary report lacking details, no changes in litter size or fetal weight were
reported in rats given 0.6-140 mg/kg bw/day clofibrate from day 6 to day 20 of gestation
(Diener & Hsu, 1966).

Transfer across the placenta and into the milk and a postnatal increase in liver a-glycero-
phosphate dehydrogenase has been reported in newborn rats whose mothers were fed
clofibrate (Chhabra & Kurup, 1978).

Clofibrate injected into pregnant mice induced a rise in catalase activity in the proximal

portion of the embryonic intestine, but this rise was observed only after 17 days of gestation
(Calvert et al., 1979).
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Absorption, distribution, excretion and metabolism

After oral administration, clofibrate is rapidly hydrolysed to clofibric acid, which is
the pharmacologically active metabolite (Thorp, 1962; Thorp & Waring, 1962). The calcu-
lated half-life of clofibric acid in rats was 5.2 £ 0.16 hours. In rats, equimolar oral doses of
14C-clofibrate and !“C-clofibric acid produced essentially the same blood levels, tissue
distribution and urinary excretion of radioactivity. The radioactivity found in the serum
was mostly due to unconjugated clofibric acid; 5% of the radioactivity accumulated in the
liver within 3 hours. In the urine, clofibric acid was present both free and conjugated with
glucuronic acid (Cayen et al., 1977).

When !4C<clofibrate was perfused through rat liver in vivo, 42% of the radioactivity
entered the bile during the 3-hour perfusion period, and only about 2% was retained in the
liver. Subfractionation of the liver showed that most of the retained radioactivity was loca-
ted in the cytosol (Laker & Mayes, 1978).

Effects on intermediary metabolism

Since the hypolipidaemic properties of aryloxyisobutyric acids and their esters were
first reported (Thorp & Waring, 1962), several reviews have dealt with the hepatic and hy-
polipidaemic effects of clofibrate, the most effective compound of this series (Havel &
Kane, 1973; Gear et a/., 1974; Svoboda & Reddy, 1974; Reddy & Krishnakantha, 1975;
Yeshurun & Gotto, 1976).

Clofibrate-induced hepatomegaly and hepatic peroxisome proliferation in rodents have
been extensively documented (Paget, 1963; Best & Duncan, 1964; Hess et al., 1965; Platt
& Thorp, 1966; Svoboda & Azarnoff, 1966; Svoboda et a/., 1967; Reddy et al., 1969).
In rats, dietary concentrations of 0.25-2% clofibrate caused a rapid and sustained increase
in the number of peroxisomes in liver cells (Hess et a/., 1965; Svoboda et a/., 1967; Reddy
& Kumar, 1979)

Clofibrate-induced hepatic peroxisome proliferation is associated with enhanced syn-
thesis of the peroxisomal marker enzyme catalase in both male and female rats (Reddy et a/.,
1971; Reddy & Kumar, 1979). Clofibrate also increases the activities of other hepatic
peroxisome-associated enzymes, particularly carnitine acetyltransferase, in rats and mice
(Solberg et al., 1972; Kahonen & Ylikahri, 1974; Moody & Reddy, 1974, 1978; Markwell
et al., 1977; Reddy & Kumar, 1979). The enzymes involved in the g-oxidation of long-chain
fatty acids are localized in the peroxisomes, and hypolipidaemic drugs which induce hepatic
peroxisome proliferation stimulate the peroxisomal system of S-oxidation {(Lazarow, 1978).
Clofibrate-induced hepatic peroxisome proliferation in both male and female rats is
associated with a marked increase in the liver content of an 80,000 mol. wt polypeptide
(Reddy & Kumar, 1977, 1979).
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In rats treated with clofibrate, there was a statistically significant increase (P< 0.001)
in the capacity of their livers to oxidize palmitoyl-coenzyme A (CoA) (Lazarow & De Duve,
1976). Acute and chronic treatment with clofibrate increased the total CoA content of rat
liver and altered the profile of the various CoA thioesters; there was a two- to three-fold
elevation in the contents of long-chain acyl CoA, acetyl CoA and free CoA, whereas the con-
tents of succinyl CoA, malonyl CoA and acetoacetyl CoA decreased significantly (Ball et a/.,
1979). Clofibrate caused a three-fold increase in hepatic carnitine levels as well as a 2 and

4.5-fold increase in the ketogenesis from octanoate and oleate in rats (Mannaerts et a/.,
1978).

Pretreatment of rats with clofibrate for 1 week increased hepatic uptake of lactate and
of free fatty acids in the perfused liver. It induced a decrease in perfusate glucose and in
the output of low-density lipoprotein triacylglycerol (Laker & Mayes, 1979).

The mitochondrial protein content in the liver increased by 50-100% in rats fed diets
containing clofibrate (Kurup et al., 1970; Krishnakantha & Kurup, 1972; Gear et al., 1974).
Clofibrate increased the activity of a-glycerol phosphate dehydrogenase in the liver mito-
chondria many-fold (Krishnakantha & Kurup, 1972). It decreased the hepatic microsomal
B-hydroxy--methylglutaryl-CoA reductase (Cohen et al., 1974).

Administration of 0.4-0.8 mmol/kg bw clofibrate twice daily for 7 days to male rats
induced hepatic Type-1 substrate drug-metabolizing enzymes and increased the P-450 cyto-
chrome content of the liver (Lewis et a/., 1974). Clofibrate significantly increased the rate of
elimination of ethanol in female rats (Pos6 & Hillbom, 1977).

Daily i.m. injections of doses ranging between 140-420 mg/kg bw clofibrate to rats
suppressed the increase in certain plasma proteins that normally accompanies experimentally
induced inflammation and produced decreases in plasma zinc, copper, transferin and sero-
mucoid and an increase in hepatic amino acid uptake (Powanda et a/., 1979).

Mutagenicity and other, related short-term tests

Clofibrate was not mutagenic to Salmonella typhimurium strains TA1535, TA1537,
TA1538, TA98 or TA100, with or without metabolic activation by rat liver microsomes
(Warren et al., 1980).

Although clofibrate suppressed the incorporation of 3 H-thymidine into replicating DNA
in primary cultures of concanavalin-A-stimulated mouse splenic lymphocytes, both in the
presence and absence of a rat liver microsomal preparation, the effect was reversible upon
removal of the drug. This is in contrast to the action of several DNA-binding carcinogens. 1t
‘was concluded that clofibrate did not cause DNA damage (Warren et a/., 1980).
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(b) Humans

The main effect of clofibrate is to decrease the serum concentrations of cholesterol and
triglycerides (Oliver, 1962).

Toxic effects

A 69-year old woman, who was on clofibrate therapy for 3 months, developed painless
jaundice and complained of fatigue, anorexia, nausea and vomiting; a liver biopsy revealed
granulomatous hepatitis (Pierce & Chesler, 1978). In a study involving 17 haemodialysed
patients treated with clofibrate, all complained of muscle pain, 12 (71%) complained of
anorexia, 8 (47%) developed malaise, and 10 (59%) had gastrointestinal symptoms (Kijima
etal., 1978).

A young male patient with nephrotic syndrome treated with clofibrate developed
muscle pain, stiffness and very high serum levels of muscle enzymes, in particular creatine
phosphokinase (Pokroy et al., 1977). Teravdinen & Makitie (1976) described the case of a
patient given clofibrate for treatment of hyperlipidaemia who developed myokymia.

In a study on the hepatic effects of clofibrate in man, 40 patients with high plasma
lipid levels had liver biopsies before and after 3 months of clofibrate treatment (1.5 g/day
in 27 patients; 0.5 g/day in 13 patients). Under the light microscope, the liver tissue showed
some tendency to decreased fatty infiltration; there was no evidence of liver damage
(Schwandt et al., 1978).

The influence of clofibrate on fasting biliary lipids and on cholic acid kinetics was inves-
tigated in 10 recently cholecystectomized patients. Clofibrate increased the biliary choles-
terol concentration and reduced bile acid levels (Pertsemlidis et a/., 1974). Data from a
coronary drug project (The Coronary Drug Project Research Group, 1975) and from a WHO
cooperative study on clofibrate (Cooper et a/., 1975; Committee of Principal Investigators,
1978) showed a significantly increased incidence (P<<0.001) of gall-stones in patients treated
with clofibrate. A strong association between clofibrate therapy and gall-stones has also been
documented by Bateson et al. (1978).

Absorption, distribution, excretion and metabolism

Clofibrate is rapidly and completely absorbed after oral administration (Thorp, 1962).
In man, clofibric acid, a major metabolite of clofibrate, is excreted in the urine in the form
of the glucuronide conjugate; the plasma elimination half-life of clofibric acid ranges be-
tween 12-25 hours (Chasseaud et a/., 1974; Houin et al., 1975; Mannistd et al., 1975;
Harvengt & Desager, 1976; Gugler & Hartlapp, 1978).
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Effects on intermediary metabolism

Clofibrate has substantial effects on hepatic intermediary metabolism, on excretion of

cholesterol and bile acids and upon removal of triglycerides in extrahepatic tissues (Havel
& Kane, 1973).

Oral administration of 1 g clofibrate daily for 13 days did not significantly alter the

half-life of antipyrine and urinary glucaric acid excretion in 5 volunteers (Houin & Tillement,
1978).

No data were available on the mutagenic or prenatal toxic effects of clofibrate in
humans.

3.3 Case reports and epidemiological studies of carcinogenicity in humans

One case report has been published (MacGregor, 1979) concerning a man who developed
adenocarcinoma of the jejunum, which is rare, after having taken 1-1.5 g/day clofibrate for
15 years. He had also taken phenindione, propranolol and cholestyramine intermittently for
8 years.

Evidence also derives from a large, randomized clinical trial conducted in Budapest,
Edinburgh and Prague under the auspices of the WHO to determine whether clofibrate
treatment would lower the incidence of ischaemic heart disease in men (Committee of
Principal Investigators, 1978). The subjects, 52, 519 men, aged 30-569 at entry to the study;
were identified using lists of blood donors, tuberculosis screening registers, electoral rolls
and community-wide advertisements; and their serum cholesterol levels were measured
(Heady, 1973). Those who met specified screening and medical criteria and who agreed to
participate (15, 745) were divided into three groups according to their cholesterol levels.
Those in the upper third of the distribution were assigned at random to receive either 1.6 g
clofibrate daily (5331 men) or an olive-oil placebo (5296 men). As an additional control
group, half of the men in the lowest third of the distribution (5118) were assigned at random
to receive the placebo. The average length of follow-up in the trial was 5.3 years, and ascer-
tainment of deaths continued into the year following the trial. The numbers of men in the
clofibrate and in the 2 control groups who completed the 5-year trial were 3586, 3608 and
3509, respectively. The incidence of nonfatal myocardial infarction was reduced in the
clofibrate-treated group, but there were significantly more deaths from all causes in this
group (162) than in the high-cholesterol control group (127; P< 0.05). Many of the excess
deaths were due to malignant neoplasms [58 (40 during trial, 18 within 1 year after trial)
compared with 42 (24 during trial, 18 within 1 year after trial); not statistically significant] .
The numbers of deaths from cancer at various sites in the clofibrate-treated and high-
cholesterol control groups were: oesophagus and stomach, 9 and 5, respectively; small
intestine, colon and rectum, 11 and 6; liver, gall-bladder and pancreas, 7 and 5; larynx,
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bronchus and lung, 17 and 11; skin, 2 and 2; brain, 5 and 5; haematopoietic tissue, 2 and 3;
other or not known, 5 and 5. [This presentation of the data in which certain sites were
grouped rather than being given individually may have obscured increases in tumours at
specific sites, such as the colon or stomach.] The two high-cholesterol groups were very
similar in respect of certain known or suspected cancer risk factors, for example, smoking
habits, age, height and weight, as well as several known or suspected cardiovascular risk fac-
tors. The average annual age-standardized (ages 40-59) cancer death rates per 1000 were
2.2 in the high-cholesterol-clofibrate group and 2.5 in the low-cholesterol-placebo group;
these rates were similar to those of the male populations in the study areas, while the rate
for the highcholesterol-placebo group (1.7) was lower. [It has been suggested on the basis of
this evidence that the cancer death rate in the high-cholesterol control group may have been
abnormally low, thus influencing the comparison with the clofibrate-treated group. Com-
parisons with the general population rates, however, may be influenced by the selection
factors for entry into the study; therefore, the comparison between the randomly assigned
high-cholesterol groups is probably the most appropriate.]

Several other randomized controlled trials of clofibrate were undertaken previously.
The Coronary Drug Project Research Group (1975) investigated the effects of lipid-lowering
drugs on men aged 30-64 with a history of myocardial infarction. No increase in the cancer
death rate was observed in the clofibrate-treated group (10 deaths in 1103 patients, 9/1000)
as compared with a placebo-treated group (24 deaths in 2789 patients, 9/1000) during
follow-up for 5-8.5 years.

Three other trials of clofibrate were carried out in men who had already developed
ischaemic heart disease. In two of these (Group of Physicians of the Newcastle upon Tyne
Region, 1971; Krasno & Kidera, 1972), there was no mention of cancer deaths. The third
(Research Committee of the Scottish Society of Physicians, 1971) reported 8 cancer deaths,
which were ‘equally distributed’ between the clofibrate and placebo groups.

4. Summary of Data Reported and Evaluation
4.1 Experimental data
Clofibrate has been tested in two studies by oral administration to male rats; it pro-
duced hepatocellular carcinomas. In addition, an increased incidence of tumours at sites
other than the liver was observed in treated rats compared with controls.
Clofibrate is not mutagenic in Sa/monella typhimurium. There is no evidence that it

is teratogenic in rats and rabbits; however, some evidence of perinatal toxicity is provided
by the finding of abnormal postnatal thrombosis in rats.
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4,2 Human data
Clofibrate has been used for the long-term treatment of hyperlipidaemia.
Data relating to the carcinogenicity of clofibrate in humans are limited to a single case
report and evidence of increased mortality from a variety of cancers, mainly gastrointes-

tinal, in a randomized trial of clofibrate in men with elevated serum cholesterol levels.

4.3 Evaluation

There is /imited evidence® for the carcinogenicity of clofibrate in experimental animals.
The epidemiological data were insufficient. No evaluation of the carcinogenicity of clofi-
brate to humans could be made.

1Gee preamble, p. 18.
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1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 80-08-0
Chem. Abstr. Name: Benzenamine, 4,4'-suifonylbis-
IUPAC Systematic Name: Bis(4-aminophenyl)sulphone

Synonyms: Bis(4-aminopheny!)sulfone; bis(para-aminophenyl)sulfone; bis-
(4-aminophenyl) sulphone; bis(para-aminophenyl)sulphone; DADPS; dapsonum;
DDS; DDS [pharmaceutical]; diamino-4,4’-diphenyl sulfone; 4,4'-diaminodiphenyl
sulfone; para,para-diaminodiphenyl sulfone; diamino4,4’-diphenyl sulphone; 4,4'-
diaminodipheny! sulphone; para,para-diaminodiphenyl sulphone; di(4-aminophenyl)
sulfone; di(para-aminophenyl)sulfone; di(4-aminophenyl)sulphone; di(para-amino-
phenyl)sulphone; diaphenylsulfon; diaphenylsulfone; diaphenyisulphon; diaphenyl-
sulphone; 1,1’-sulfonylbis(4-aminobenzene); 4,4'sulfonylbisaniline; 4,4'-sulfonyl-
bisbenzamine; para,para-sulfonylbisbenzamine; para,para-sulfonylbisbenzenamine;
4 4'sulfonyldianiline; para,para-sulfonyldianiline; 1,1'-sulphonylbis(4-aminobenzene);
4 4'-sulphonylbisbenzamine;  para,para-sulphonylbisbenzamine; 4,4'-sulphonylbis-
benzenamine;  para,para-sulphonylbisbenzenamine; sulphonyldianiline; 4,4"-sul-
phonyldianiline; para,para-sulphonyldianiline

Trade names: Avlosulfon; Avlosulphone; Croysulfone; Croysuiphone; Dapson;
Diphenasone; Diphone; Disulone; DDS (VAN); Dubronax; Dumitone; Eporal;
1368F; F1358; Maloprim; Metabolite C; Novophone; Sulfona; Sulfona-Mae;
Sulfone UCB; Sulphadione; Sulphon-mere; Tarimyl; Udolac
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1.2 Structural and molecular formulae and molecular weight

C,,H,,N,0,S Mol. wt: 248.3

1.3 Chemical and physical properties of the pure substance

From Wade (1977) or Windholz (1976) unless otherwise specified

(a)
(b)
(c)
(d)

fe)

Description: White or creamy-white crystalline powder with slightly bitter taste
Melting-point: 175-176°C (also 180.5°C)

Spectroscopy data: A a3y 260 nm, A(1%, 1 cm) =73; and 295 nm, A(1%, 1cm)
= 121 (in methanol). Infrared, nuclear magnetic resonance and mass spectral data
have been tabulated (Orzech et a/., 1976).

Solubility: Practically insoluble in water; soluble in ethanol (1 in 30 w/v),
acetone, methanol and dilute mineral acids

Stability: Sensitive to oxidation and light

1.4 Technical products and impurities

Various national and international pharmacopoeias give specifications for the purity of
dapsone in pharmaceutical products. For example, dapsone is available in the US as a USP
grade contining 99.0-101.0% active ingredient calculated on the dried basis. The weight
loss. on drying should not exceed 1.5%, residue on ignition should be less than 0.1%, and the
amount of selenium should be less than 0.003%. It is available in 25 and 100 mg doses as
tablets containing 92.5-107.5% of the stated amount of dapsone (US Pharmacopeial Con-
vention Inc., 1975). In the British Pharmacopoeia, a test is available for impurities in dap-
sone, based on thin-layer chromatography (British Pharmacopoeia Commission, 1973).

In the UK, dapsone is available as injections containing 20% w/v or 5% w/v of dapsone.
It is also available in 25 and 100 mg doses as tablets (Wade, 1977).

In Japan, dapsone is available in 25 mg doses as tablets.
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A number of specifically identified related impurities [2,4'-sulphonylbis(benzenamine),
4-(phenylsulphonylbenzenamine) and 4-(4’-chlorophenylsulphonyl)benzenamine] have been
reported in commercially available samples of dapsone (Cheung & Lim, 1977).

2. Production, Use, Occurrence and Analysis
2.1 Production and use
(a) Production

Dapsone was first synthesized from para-chloronitrobenzene by Weijlard and Messerly
in 1945 (Windholz, 1976). A possible method for its manufacture is the condensation of
benzene with sulphuric acid to yield diphenylsulphone, which can be nitrated to its 4,4'-
dinitro derivative. Reduction of this compound (e.g., with tin and hydrochloric acid) yields
dapsone (Harvey, 1975).

Dapsone was first marketed in the US in 1957, but it is apparently not presently
manufactured in the US. US imports in 1978 amounted to 11,500 kg (US International
Trade Commission, 1979). No data were available on US exports.

Dapsone is not produced commercially in Japan, but minor amounts (less than 1000
kg annually) are imported from France.

No data were available on its production in Europe or elsewhere in the world.
(b) Use

The antibacterial spectrum and mechanism of action of dapsone are similar to those of
the sulphonamides.

In human medicine, it is used primarily in the long-term, chronic treatment of all forms
of leprosy. The recommended dosage is 100 mg daily in adults for lepromatous forms and
50 mg daily for nonlepromatous forms (WHO, 1977).

Dapsone has also been used in the treatment of tuberculosis (Harvey, 1975) and is used
as an antimalarial at a dose of 100 mg/week in conjunction with pyrimethamine when
resistance to pyrimethamine, other antifolate preparations or chloroquine is known or
suspected (Association of British Pharmaceutical Industry, 1979).

Dapsone has also been used in the treatment of dermatitis herpetiformis (Harvey, 1975).
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Dapsone is also used in veterinary practice against coccidiosis in cattle. The usual
dose is 100 mg/kg bw followed by one-half that amount daily for 4 to 5 days. As an intra-
mammary infusion for bovine streptococcal mastitis, dapsone may be used alone or in com-
bination with benzylpenicillin (Harvey, 1975).

A derivative of dapsone, 4,4'-diacetyldiaminodipheny| sulphone, has been used in
clinical trials as a long-acting repository sulphone: the slow release of dapsone is mediated
through deacetylation of the drug. A single intramuscular dose of 225 mg given every 11
weeks produces the same response as a 50 mg dose of dapsone given daily. The disodium
formaldehyde sulphoxylate substitution product of dapsone (sulphoxone sodium) is another
derivative of dapsone used in the therapy of leprosy, especially in patients who suffer from
gastric distress when treated with dapsone {(Goodman & Gilman, 1975).

Dapsone has found some use as a hardening agent in the curing of epoxy resins
(Windholz, 1976), but it is apparently not being used for this purpose now.

2.2 Occurrence

Dapsone is not known to occur in nature.
2.3 Analysis

Analytical methods for the determination of dapsone based on colorimetry, titration,
fluorimetry, paper chromatography, high-pressure liquid chromatography, gas chromato-
graphy and thin-layer chromatography have been reviewed by Orzech et a/. (1976).

Typical methods of analysis for dapsone in various matrices are summarized in Table
1. Abbreviations used are: EC-CG, electron capture-gas chromatography; HPLC, high-
performance liquid chromatography; |, immunoassay; UV, ultra-violet spectrometry; and
T, titration.
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Table 1. Analytical methods for dapsone

63

Sample matrix

Sample preparation

Assay procedure limit of detection

Sensitivity or

Reference

Formulation Powder sample; add hydrochloric

Biological
samples

Plasma

Serum
and
urine

acid and water

Prepared for diazotization
by several extractions;
the diazotized product is
processed through several
additional steps prior to
chromatography

Mix with water; add sodium
hydroxide and diethyl ether;
shake and centrifuge; evaporate
organic phase; add water,
acetonitrile and acetic acid

Adjust sample to pH 7.2

T
(sodium nitrite)

EC-GC

HPLC-UV

not given

1-10 pg/t

20 ug/t

0.3 mg/i

us Pharmacopeial
Convention,
Inc., 1975

Burchfield et 4/.,
1970

Carretal., 1978

Huikeshoven
etal., 1978
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals
{a) Oral administration

Mouse: Two groups of 35 male and 35 female B6C3F 1 mice, 5 weeks of age, were fed
a diet containing 500 or 1000 mg/kg diet dapsone (USP grade) on 5 days/week for 78 weeks
and observed up to 106-108 weeks. A group of 14 male and 14 female matched controls
were untreated. Seventy-three percent of the high-dose males and 67% of the low-dose
males survived to the end of the study. Median survival rates were 92 weeks in treated
females and 69 and 102 weeks in untreated male and female controls. There was no dif-
ference in the incidence or types of tumours between treated and control animals (National
Cancer Institute, 1977).

Forty pregnant C57BI/6 mice were given 100 mg/kg bw dapsone (purity not specified)
by intragastric intubation on days 17 and 18 of gestation and when lactating, 5 times weekly
from the 3rd day after the birth of their offspring. Of their offspring, 50 males and 37 fe-
males were subsequently given the same dose of dapsone 5 times weekly over 104 weeks
starting 2 weeks after separation from their mothers; the total dose received after weaning
was 52 g/kg bw (1.2-1.4 g/mouse). The animals were observed for lifetime; no difference in
survival was observed between treated and control mice. No significant difference in the
incidence or site of tumours was seen between the 50 males and 37 females of the experi-
mental group that survived over 24 weeks and the 47 male and 47 female untreated controls
that survived for similar times (28/50 versus 20/47 in males, and 23/37 versus 24/47 in fe-
males) (Griciute & Tomatis, 1980).

Rat: Twenty 50-55-day-old Sprague-Dawley female rats were given single doses of 100
mg of dapsone (purity not specified) in sesame oil by gastric intubation. At the end of the 6-
month observation period, no tumours were reported in the 19 surviving rats. Another group
of 20 Sprague-Dawley females, 40-days old at the beginning of the experiment, were given 30
mg/rat of dapsone in sesame oil by gastric intubation 10 times in a one-month period and
then observed up to 9 months. No tumours were reported in the 19 surviving rats (Griswold
et al., 1966, 1968). [Attention is drawn to the short observation period due to the special
design of the experiment.]

A group of 25 male Wistar rats were fed a diet containing increasing concentrations of
dapsone (purity not stated). The experiment was started on 25-day-old rats with a concen-
tration of 0.025%; the dose increased every 10th or 20th day, and from the 90th day after
onset of the experiment until the 25th month the rats received 0.3% of dapsone in their
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food. During 17-256 months, 9 tumours were detected in 8/12 rats: 2 spleen tumours
(fibrosarcoma and fibroangioma), 3 thyroid follicular adenocarcinomas, 1 fibrosarcoma of
the retroperitoneum and 1 of the mesentery, 1 reticulosarcoma of the intestine and 1 liver
cavernous angioma. One subcutaneous fibroma was observed in 13 control males observed
up to 25 months (Bergel, 1973).

Two groups of 35 male and 35 female Fischer 344 rats (34 days of age) were fed a diet
containing 600 or 1200 mg/kg diet dapsone (USP grade) on 5 days/week and control diets on
2 days/week for 78 weeks and observed for an additional 26-27 weeks. Mesenchymal
tumours occurred in 13/35 males fed the lower concentration of dapsone, and in 22/33 males
fed the higher concentration. In the low-dose group, the tumours were: 6 splenic fibromas,
4 sarcomas (not otherwise specified), 1 fibrosarcoma and 1 fibroma of the peritoneum, 1
fibroma of the pancreas and 1 of the abdominal cavity. In the high-dose group, there were 3
sarcomas (not otherwise specified), 3 fibrosarcomas and 10 fibromas of the spleen and 3
sarcomas (not otherwise specified) and 3 fibrosarcomas of the peritoneum. None of these
types of tumours occurred in male controls. The incidence of spleen tumours in males was
statistically significant in both experimental groups when compared with 43 pooled controls
(low dose, P = 0.006; high dose, P<<0.001) and in the high-dose group when compared with
14 matched controls (P = 0.002). The incidence of malignant mesenchymal tumours
(sarcomas and fibrosarcomas) in the peritoneum was also significant in males of the 2 treated
groups: P =0.014 and P = 0.005, respectively, when compared with 44 pooled controls. The
authors detected fibrosis and osseous metaplasia in the spleen and peritoneum of some
tumour-free males. No tumours or fibrosis of the spleen or peritoneum were observed in
females (National Cancer Institute, 1977).

Twenty pregnant BD IV rats were given 100 mg/kg bw dapsone (purity not specified)
by intragastric intubation on days 18 and 19 of gestation and 5 times weekly when lactating
from the third day after the birth of their offspring. Of their offspring, 76 males and 72
females were subsequently given dapsone 5 times weekly for 104 weeks, starting 2 weeks
after separation from their mothers; the total dose received after weaning was 52 g/kg bw
(10-16 g/rat). The animals were observed for lifetime. Malignant fibrosarcomas and angio-
sarcomas of the spleen occurred in 4/44 males (P = 0.046) and 1/63 females that survived
over 34 weeks, compared with 0/49 male and 0/47 female control rats that received olive-
oil by gastric intubation and which survived for similar times. Partial or complete fibro-
sation of the spleen, in some cases with calcification and bone formation, was observed in
47% of males and 1.2% of females. Spleen sarcomas were topographically related to the
lesions. Malignant C (parafollicular)-cell tumours of the thyroid were observed in 8/44
males and 13/63 females of the treated group compared with 2/49 males and 3/47 females
of the control group (P = 0.014). Areas of C-cell proliferation in the thyroid were observed
equally in all groups of rats, including controls (Griciute & Tomatis, 1980).



66 IARC MONOGRAPHS VOLUME 24
(b) Intraperitoneal administration

Mouse: Three groups of 10 male and 10 female A/He mice, 6-8 weeks old, were given
12 i.p. injections (3 times weekly during 4 weeks) of dapsone (purity not specified) in steroid-
suspending vehicle. Total doses were 0.525, 1.312 or 2.625 g/kg bw. All survivors (17, 15
and 13 mice of both sexes) were killed 24 weeks after the 1st injection. The numbers of mice
with lung tumours (males and females combined) were 6, 7 and 4, and average numbers of
tumours per mouse were 0.35 + 0.09, 0.87 + 0.2 and 0.38 £ 0.11. Of 30 male and 30 female
control mice injected with steroid-suspending vehicle alone, 6/28 and 6/30 developed lung
tumours; the average numbers of lung tumours per mouse were 0.22 + 0.04 and 0.19 + 0.04
(Stoner et a/., 1973). [Attention is drawn to the limitation of a negative result obtained in
this test system.]

(c) Other experimental systems

Administration in conjunction with known carcinogens: Forty pregnant C578BI1/6 mice
received 100 mg/kg bw dapsone by intragastric intubation on days 17 and 18 of gestation
and 5 times weekly when lactating. Of their offspring, 35 males and 35 females were sub-
sequently given i.p. injections of urethane (dose and duration unspecified). A control group
of 30 male and 30 female young adult C57BI mice received urethane only. Multiple
pulmonary adenomas, lachrymal gland adenomas and liver-cell tumours occurred with the
same frequency in the dapsone-plus-urethane-treated group and in the urethane-control group
(Griciute & Tomatis, 1980).

A group of 15 male and 26 female BD |V rats were administered dapsone by gastric
intubation 5 times a week during 104 weeks and benzo[a] pyrene by intratracheal instilla-
tions. The total dose of dapsone was 10-16 g/rat. A control group of 16 male and 29 female
rats received only benzo[a] pyrene. Malignant tumours of the respiratory tract were observed
in 8/14 male and 6/24 female rats in the group that received the combined treatment, and in
3/16 male and 12/29 female rats in the group that received benzo[a] pyrene only (Griciute &
Tomatis, 1980).

3.2 Other relevant biological data
(a) Experimental systems
Toxic effects
In male rats, the i.p. LD, is about 200 mg/kg bw and the oral LD, about 630 mg/kg

bw; in female rats, the oral LD, is about 650 mg/kg bw; the i.p. LD, in male mice is
about 230 mg/kg bw (Wu & DuBois, 1970).
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Daily i.p. doses to male rats of 50 mg/kg bw for 3 days resulted in lowered red biood
cells counts and haemoglobin (Dhar & Mukherji, 1969). Daily doses of 30, 60 and 120
mg/kg bw over a period of 30 days decrease the red blood cell count by 8, 10 and 14% and
haemoglobin by 8, 12 and 17%. It was therefore concluded that 20 mg/kg bw daily over a
long period is the maximum tolerated i.p. dose in rats (Dhar & Mukherji, 1971). Studies
of subacute toxicity indicated that rats can tolerate repeated daily oral doses of 150 mg/kg
bw for 60 days (Wu & DuBois, 1970).

The toxic effects of dapsone in mice and rats were found by /n vitro and in vivo ex-
periments to be mediated by an inhibitory effect of the drug on the oxidation of pyruvate
(Wu & DuBois, 1970).

No data on prenatal toxicity were available to the Working Group.
Absorption, distribution, excretion and metabolism

Much variation between species has been reported with regard to the kinetics of dap-
sone (Francis, 1953; Chang et a/., 1969; Biggs et a/., 1975). The half-life of dapsone in
mice ranged between 2 and 4 hrs (Levy et a/., 1972) - very short in comparison with the
14-53 hrs in humans (Peters et a/., 1972). The shortest half-life for dapsone has been
reported in rabbits (0.8 hrs), and in rats the half-life is about 6 hrs (Murray et a/., 1972); that
in dogs is 11.7 hrs (Peters et a/., 1975a).

Rats fed a diet containing 50 mg/kg diet dapsone had similar plasma levels at 7 days
and at 21 days. Similar results were found in mice fed a diet containing 25 mg/kg diet
dapsone. In rats the tissue:plasma ratios ranged from 0.7 to 1.8, with a maximal ratio of 2.2
in foot pads and tail skin; in mice they ranged from 0.6 to 1.6, with a maximal ratio of 3.5
for liver (Gordon et a/., 1974). Dapsone has also been detected in nerves of mice fed a diet
containing 0.01%, at the same concentration as in blood (Balakrishnan & Desikan, 1977).

In rats, after oral or i.p. administration, dapsone is excreted in the urine and faeces.
Excretion in the bile was demonstrated directly in bile-duct-cannulated rats. The main
metabolite in the urine was dapsone-N-sulphamate, with small amounts of acetyldapsone,
N-acetyl dapsone N”sulphamate and dapsone N-glucuronide. The latter was also found in
the bile (Andoh et al., 1974). There was no evidence of acetylation to monoacetyl dap-
sone in dogs (Peters et a/., 1975a).

Evidence of N-hydroxylation of dapsone and the possible formation of nitroso- and
azoxy- analogues of dapsone was found /in vitro with rat microsomes (Cucinell et a/., 1972).
N-Hydroxylation of dapsone was also observed with rabbit liver microsomes (Tabarelli &
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Uehleke, 1971). After oral doses of 50 mg/kg bw female dogs excreted 3-4% of the dose as
4-N-hydroxy-4'-aminodiphenylsulphone (Tabarelli & Uehleke, 1971). Comparative observa-
tions in humans, rats and guinea-pigs confirmed the formation of N-hydroxy metabolites
(Israili et a/., 1973).

Mutagenicity and other, related short-term tests

Neither dapsone nor its N-acetyl and N,N“diacetyl metabolites were mutagenic in
Salmonella typhimurium strains TA1535, TA1537, TA15638, TA98 or TA100 with or with-
out liver microsomal fractions from Aroclor 1254-pretreated rats, mice or hamsters (Peters
et al., 1978).

In an /n vitro chromosome aberration study using human lymphocytes, Beiguelman
et al. (1975) observed no differences in the proportion of metaphases between control and
treated cultures (0.4 and 4 ug dapsone/ml!). No effect on chromosomes was seen with the
lower concentration, whereas with the higher concentration a significant increase in aneuploid
metaphases and in achromatic gaps was observed.

(b) Humans
Toxic effects

The adverse effects and toxic reactions following chronic treatment with dapsone are
well documented and have been reviewed by Graham (1975). A mild degree of haemolytic
anaemia, together with methaemoglobin formation occurs commonly (Shelley & Goldwein,
1976; Wilson & Harris, 1977; Halmekoski et a/., 1978; Elonen et a/., 1979). Other reported,
but much less common adverse reactions include the following: leucopenia, agranulocytosis,
infectious mononucleosis syndrome, pseudo-leukaemia (Leiker, 1955; Levine & Weintraub,
1968; Wilson & Harris, 1977); dermatitis, phototoxicity, lupus erythematosus (Vandersteen
& Jordon, 1974); urticaria (Verma et al., 1973); cholestatic hepatitis (Stone & Goodwin,
1978); abnormalities in liver function tests (Goette, 1977); psychosis (Verma et al., 1973);
peripheral neuropathy (Hubler & Solomon, 1972; Epstein & Bohm, 1976; Koller et al.,
1977); renal papillary necrosis (Hoffbrand, 1978); and hypoalbuminaemia (Kingham et a/.,
1979; Young & Marks, 1979). Excerbation of lepromatous leprosy may occur in mal-
nourished persons 5-6 weeks after initiation of therapy (DeGowin, 1967).

Absorption, distribution, excretion and metabolism

Dapsone is mainly converted to monoacetyl and diacetyl derivatives under polymorphic
genetic control (Gelber et a/., 1971; Peters & Levy, 1971; Peters et a/., 1972, 1975b).
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Both dapsone and monoacetyldapsone are largely bound to serum protein; this could
account for the long half-life of the drug in man (Biggs & Levy, 1971).

Dapsone is also metabolized by N-hydroxylation to form monohydroxydapsone; and
a new metabolite, the monohydroxylamine of 4-acetylamino-4’-aminodiphenylsulphone has
also been identified in urine (lsraili et a/., 1973). After oral treatment (200 mg), N-hydroxy
metabolites can comprise 50% of the dose in the urine (Uehleke & Tabarelli, 1973).

In a suicidal patient who ingested a large dose of dapsone, high levels of dapsone and
monoacetyldapsone were found in the urine; trace amounts of azoxydapsone were found
in urine but not in serum (Elonen et a/., 1979).

The suggestion that generation of reactive N-hydroxy metabolites in the cells of various
organs might explain the toxic symptoms due to dapsone (Uehleke, 1971) was confirmed in
in vitro experiments in which human red cells were incubated with dapsone in the presence of
rat liver microsomes; these showed that N-hydroxydapsone (and/or N-oxydapsone) was the
cause of the methaemoglobinaemia observed in dapsone therapy (Cucinell et a/., 1972).

No data on the prenatal toxicity or mutagenicity of this compound in humans were
available.

3.3 Case reports and epidemiological studies of carcinogenicity in humans

Seven cases of cancer have been reported in patients treated with dapsone for dermati-
tis herpetiformis: one adenocarcinoma of the caecum, two lung carcinomas, one renal car-
cinoma, one prostatic cancer, one anaplastic tumour of uncertain histology and one
Hodgkin's disease (Gjone & Nordéy, 1970; Mansson, 1971). Five of these cancers were
found in 9 patients during the three years following gastrointestinal investigations which
were carried out either because of anaemia [in some cases possibly indicating pre-existing
cancer] or because of their need for high doses of dapsone (Mansson, 1971).

Two studies of the relative frequency of cancer at autopsy in patients with leprosy,
some of whom would have been treated with dapsone (Furuta et a/., 1972; Purtilo & Pangi,
1975), and a cohort study of 848 leprosy patients yielding 21 cancer deaths (19.7 expected)
(Oleinick, 1969) have not suggested an increased mortality from cancer in these patients.
[These studies were not designed to study the carcinogenicity of dapsone, and no data on
dapsone use were provided.]
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4. Summary of Data Reported and Evaluation

4.1 Experimental data

Dapsone has been tested by oral administration in mice and rats, by intraperitoneal
administration in mice and by prenatal and lifetime oral exposure in mice and rats. In three
different studies in rats, high doses of dapsone induced mesenchymal tumours of the spleen
in males (and of the peritoneum in two studies). An increased incidence of tumours of the
thyroid was found in rats of both sexes in one study and in males in another study.

In mice, the experiment involving intraperitoneal administration of dapsone could not
be evaluated. The other two experiments did not provide evidence of carcinogenicity.

Dapsone and its acetylated metabolites were not mutagenic to Sa/monella typhimurium.
Attention is drawn to the absence of studies on the teratogenicity of this compound.

4.2 Human data

Dapsone is used mainly in the treatment of leprosy.

Several cases of cancer have been reported in patients with dermatitis herpetiformis
treated with dapsone. There was no evidence of an increased rate of cancer in patients with

leprosy, many of whom would also have been treated with the drug.

4.3 Evaluation

There is limited evidence®! for the carcinogenicity of dapsone in experimental animals.
The epidemiological data were insufficient. No evaluation of the carcinogenicity of dapsone
to humans can be made.

1Gee preamble, p. 18.
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DIHYDROXYMETHYLFURATRIZINE

1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 794-93-4

Chem. Abstr. Name: Methanol,{ L6- [2-(5-nitro«2-furany|)ethenyl] -1,2,4-
triazin-3-yl | imino ¢ bis-

p—

IUPAC Systematic Name: N-{ 6-

2-(5~nitro-2-fury|)viny|] -1 ,2,4-triazin-3-yl} imino-
dimethanol L

Synonyms: 3-Bis(hydroxymethyl)amino-6-(5-nitro-2-furylethenyl)-1,2,4-triazine;
bis(hydroxymethyl)furatrizine; [6- 2-(5-nitro-2-furyl)viny|] as-triazin-3-yl | -
imino } dimethanol; N-[6-(5-nitrofurfurylidenemethyl)-1,2,4-triazin-3-yl] imino-
dimethanol

Trade names: Furatone; Furatone-S; Panfuran-S

1.2 Structural and molecular formulae and molecular weight

CH,OH
o,u—@—cu=CH—</; :>_N<CH,OH

C,;H, N;O, Mol. wt: 293.2
1.3 Chemical and physical properties of the pure substance
From Wade (1977)

(a) Description: Yellow crystalline powder
(b) Melting-point: ~ 157°C (dec.)
(c) Solubility: Practically insoluble in water and most organic solvents; soluble in

dimethylformamide
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1.4 Technical products and impurities

No specifications for this material have been published. Panfuran-S, a commercial
formulation, contains 200 g/kg dihydroxymethylfuratrizine, sucrose, sodium saccharin,
methylcellulose and spices (Konishi et a/., 1978).

2. Production, Use, Occurrence and Analysis
2.1 Production and use

{a) Production

Dihydroxymethylfuratrizine can be prepared from 3-amino-6-(5-nitro-2-furylethenyl)-
1,2,4-triazine by treatment with formaldehyde in dimethylformamide at 80-90°C (Takai
et al., 1965).

No evidence was found that dihydroxymethylfuratrizine has ever been produced in
the US or Europe. It was produced by two companies in Japan, but the last one ceased
production and sales in 1977.

(b) Use

Dihydroxymethylfuratrizine is an antibacterial agent which was claimed to be effec-
tive against a wide range of gram-negative and gram-positive organisms. It was used in
bacillary dysentery and acute colitis when resistance to antibiotics was a problem
(lyakuhin Yoran, 1979). The usual recommended dose was 20 mg/kg bw every 4-6 hours
(Wade, 1977). It was withdrawn from use in Japan in July 1977, following an evaluation
of its comparative efficacy and safety in relation to alternative drugs.

2.2 Occurrence
Dihydroxymethylfuratrizine is not known to occur in nature.

2.3 Analysis

The content of dihydroxymethylfuratrizine in a sample can be determined by ultra-
violet and visible spectrometry after heating a solution in aqueous sodium hydroxide {Kanno
et al., 1966). Gas chromatography can also be used (Nakamura et a/., 1966).
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals

(a) Oral administration

Rat: Two groups of 55 female Wistar rats were fed a diet containing 0 or 1000 mg/kg
diet dihydroxymethylfuratrizine for 80 weeks, at which time the study was terminated: 41
controls and 48 treated rats survived at least for 29 weeks. No difference in overall tumour
incidence was found; however, 2 sarcomas and 1 adenocarcinoma of the small intestine were

observed in the treated group, while no intestinal tumour occurred in controls (Takai et a/.,
1974a).

(b) Oral administration in a mixture®

Mouse: Groups of 17 to 29 male dd mice were fed Panfuran-S in the diet, corres-
ponding to doses of O (control), 175, 350, 700, 1750 or 3500 mg/kg diet dihydroxymethyi-
furatrizine for 35 weeks, at which time they were killed. No tumours were observed in the
28 controls that survived up to 35 weeks. The tumour incidences in animals in the 5 treated
groups that survived up to that time (in order of increasing dietary concentration) were
as follows: oesophageal papillomas: 0/20, 0/29, 0/26, 2/28, 4/17; oesophageal squamous-
cell carcinomas: 0/20, 0/29, 0/26, 3/28, 0/17; forestomach papillomas: 5/20, 15/29, 13/26,
4/28, 0/17; forestomach squamous-cell carcinomas: 0/20, 3/29, 9/26, 20/28, 17/17; duo-
denal/jejunal adenocarcinomas: 0/20, 0/29, 0/26, 8/28, 10/17; and urinary bladder transi-
tional-cell carcinomas: 0/20, 0/29, 0/26, 2/28, 1/17 (Konishi et a/., 1979).

Rat: Groups of 15-20 male Wistar rats, 7 weeks-old, were fed Panfuran-S in the diet,
corresponding to doses of O (control), 350, 1750 or 3500 mg/kg diet dihydroxymethyl-
furatrizine, for 35-37 weeks, at which time they were killed, with the exception of 7 ani-
mals given the lowest dose that were killed at 52 weeks. No tumours were observed in the
controls or in the lowest-dose group. The tumour incidences in the medium- and high-dose
groups were as follows: forestomach papiliomas: 8/18, 11/19; duodenal adenocarcinomas:
2/18, 11/19; and jejunal adenocarcinomas: 10/18, 16/19 (Konishi et a/., 1978).

1|n these experiments, animals were treated with commercial Panfuran-S, which contains 200 a/kg
dihydroxymethylfuratrizine, sucrose, sodium saccharin, methylcellulose and spices.
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3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

The subcutaneous LD, of Panfuran-S in male Swiss ICR/Ha mice is 2.8 g/kg bw.
After daily injections of 7 mg/mouse for 7 days, the animals developed diarrhoea and lost
weight (Ichihashi et a/., 1969).

No data on the prenatal toxicity of this compound were available.

Absorption, distribution, excretion and metabolism

Following an oral dose of 10 mg/kg bw !%C-labelled dihydroxymethylfuratrizine to
rats, absorption was estimated to be 40-50%, and a maximum plasma level of about 1.3
pg/mi was reached after 2 hours. !4C-Label was higher in kidney, liver, bladder, stomach
and intestine. All radioactivity was cleared from the body within 120 hours (Takai et a/.,
1974b).

Mutagenicity and other, related short-term tests

Dihydroxymethylfuratrizine inhibited the growth of Staphylococcus aureus and of
Escherichia coli. The much higher sensitivity of different repair-deficient mutants of E.
coli as compared with repair-proficient ones indicates that this compound induces DNA
damage (Yamagishi et a/., 1974; lida & Koike, 1977).

(b) Humans

No data were available to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity in humans

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

Dihydroxymethylfuratrizine was tested alone in female rats by oral administration. Al-
though a few tumours of the small intestine were observed in treated animals, there was no
difference in overall tumour incidence as compared with controls. Panfuran-S, a commer-
cial formulation which contains dihydroxymethylfuratrizine, was also tested in male mice
and male rats by oral administration; it induced benign and malignant tumours of the fore-
stomach and small intestine in animals of both species and of the oesophagus in mice.

Attention is drawn to the absence of studies on the teratogenicity of this compound.
4.2 Human data

Dihydroxymethylfuratrizine in the form of Panfuran-S has been used in the past for
treatment of acute gastrointestinal infections.

No case reports or epidemiological studies were available to the Working Group.
4.3 Evaluation

There are insufficient data to evaluate the carcinogenicity of dihydroxymethylfuratri-
zine alone in experimental animals. There is sufficient evidence that Panfuran-S, a com-

mercial formulation which contains dihydroxymethylfuratrizine and several other com-
pounds, is carcinogenic in experimental animals.

1
See preambile, p. 18.
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HYDRALAZINE and HYDRALAZINE HYDROCHLORIDE

1. Chemical and Physical Data

HYDRALAZINE
11 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 86-544
Chem. Abstr. Name: 1(2H)-Phthalazinone hydrazone
IUPAC Systematic Name: 1-Hydrazinophthalazine
Synonyms: 1-Hydrazinophthalazine; hydralazin; hydrallazine

1.2 Structural and molecular formulae and molecular weight

NHNH,

Q!

CgHgN, Mol. wt: 160.2
13 Chemical and physical properties of the pure substance
From Windholz (1976)
(a) Description: Yellow needles from methanol
(b) Melting-point: 172-173°C (rapid heating)
{c] Solubility: Soluble in 2N acetic acid (1 in 3) and warm methanol (1 in 12)

1.4 Technical products and impurities

There are no technical products or pharmaceutical preparations containing the free
base. It is used in the preparation of the hydrochloride salt.
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HYDRALAZINE HYDROCHLORIDE

1.1

1.2

1.3

Synonyms and trade names

Chem. Abstr. Services Reg. No.: 304-20-1

Chem. Abstr. Name: 1(2H)-Phtha|azinone hydrazone, monohydrochloride
IUPAC Systematic Name: 1-Hydrazinophthalazine hydrochloride

Synonyms: Hydralazine chloride; hydralazine HCI; hydrallazine hydrochloride;
1-hydrazinophthalazine monohydrochioride; 1(2H)-phthalazinone hydrazone
hydrochloride

Trade names: Aiselazine; Appresinum; Aprelazine; Apresazide; Apresine;
Apresolin;  Apresoline; Apresoline-Esidrix; Apresoline HCI; Apresoline hydro-
coloride; Apressin; Apressoline; Aprezolin; Ba 5968; C-5968; Ciba 5968;
Dralzine; Hidralazin; Hipoftalin; Hydrapress; Hyperazin; Hyperazine;
Hypophthalin; Hypos; Ipolina; Lopres; Lopress; Nor-Press 25; Praparat 5968;
Rolazine; Serpasil Apresoline No. 2

Structural and molecular formulae and molecular weight

NHNH,

O]

CgHgN,, HCI Mol. wt: 196.6
Chemical and physical properties of the pure substance
From Wade (1977) or Windholz {1976) unless otherwise specified

(a)} Description: White to off-white odourless crystalline powder with a bitter
saline taste
(b) Melting-point: 273°C (dec.)
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(c) Spectroscopy data: A,y (in water): 211 nm, A(1%, 1 cm) = 172; 239 nm,
A(1%, 1cm) = 56; 260 nm, A(1%, 1 cm) = 64; 303 nm, A(1%, 1 cm) = 26;
315 nm, A(1%, 1 cm) = 21. Infrared, nuclear magnetic resonance and mass
spectral data have been tabulated (Orzech et a/., 1979)

(d) Solubility: Soluble in water (1 in 25), ethanol (1 in 500) and methanol (1 in
150); practically insoluble in chloroform, diethyl ether, ethyl acetate, and

acetonitrile (Orzech et a/., 1979)
(e} Stability: Sensitive to oxidation and light

1.4 Technical products and impurities

Various national and international pharmacopoeias give specifications for the purity
of hydralazine hydrochloride in pharmaceutical products. For example, it is available in
the US as a USP grade containing 98.0-100.5% active ingredient calculated on the dried
basis. The loss on drying should be less than 0.5%, the residue on ignition less than 0.1%
and water-insoluble substances no more than 0.5%. It is also available in doses of 20 mg/mi
as injections and in 10, 25, 50 and 100 mg doses as tablets containing 95.0-105.0% of the
stated amount of hydralazine hydrochloride (US Pharmacopeial Convention, Inc., 1975).

Pharmaceutical preparations in the UK are the same as in the US (Wade, 1977).

Hydralazine hydrochloride is available in Japan as powders, granules and tablets in
30-200 mg doses. It is also available as injections.

Hydrazine (see IARC, 1974) is regarded as a potentially toxic, possible impurity in
hydralazine, and sensitive tests have been developed to detect it at low levels; none of the
current compendial specifications include such a test but it may be expected to be added in
future revisions.

2. Production, Use, Occurrence and Analysis
2.1 Production and use
{a) Production
In the first synthesis, reported in 1949, phthalazone was converted to 1-chloro-
phthalazine, and this compound was treated first with ethanol and hydrazine hydrate and

then with hydrochloric acid to give hydralazine hydrochioride (Harvey, 1975; Windholz,
1976; Orzech et al., 1979). This is the process used for commercial production.
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Hydralazine (free base) is produced by one company in the US in an undisclosed
amount (see preambile, p.21). In 1978, US imports of hydralazine hydrochloride amounted
to 8000 kg (US International Trade Commission, 1979); separate data on US exports are
not available.

Hydralazine hydrochloride was first marketed in Japan in 1967. It is presently pro-
duced by at least three companies there, and imports amounted to 700 kg in 1976, 1900
kg in 1977 and 1400 kg in 1978.

No data were available on whether it is produced elsewhere.
(b) Use

Hydralazine hydrochloride is an antihypertensive agent used in the treatment of
essential hypertension and in the treatment of hypertension of toxaemia during pregnancy
(Harvey, 1975).

The oral dose is 10 mg taken 4 times per day for 2 - 4 days, then 25 mg 4 times per day
for the rest of the first week; the total dose can then be increased to 200 mg per day. The
daily dose should not exceed 200 mg, except in preeclampsia, where the daily dose may be
as high as 400 mg. When fast response is needed, hydralazine hydrochloride is given paren-
terally (i.m. or i.v.) in 20 - 40 mg doses repeated as necessary (Harvey, 1975; Nickerson &
Ruedy, 1975; Wade, 1977).

2.2 Occurrence

Hydralazine and its hydrochloride are not known to occur in nature.
2.3 Analysis

Analytical methods for the determination of hydralazine hydrochloride based on
spectrometry, fluorescence, titration, gasometry, polarography and chromatography have
been reviewed (Orzech et al., 1979).

Typical methods for the analysis of hydralazine and hydralazine hydrochloride are
summarized in Table 1. Abbreviations used are: GC/ECD, gas chromatography with elec-
tron capture detection; GC/FID, gas chromatography with flame-ionization detection;
GC/MS, gas chromatography with mass spectrometry; and T, titration.



Table 1. Analytical methods for hydralazine and hydralazine hydrochloride

Sample matrix Sample preparation Assay Limit of Reference
detection
Formulations
Hydralazine Dissolve in water; add hydrochloric acid T not given US Pharmacopeial Convention, Inc., 1975
hydrochloride and chloroform; titrate with potassium iodide
Hydralazine1 Powder; dissolve in water; add to 2,4-pentane- GC/FID not given Smith et a/., 1977
tablets dione; shake; add internal standard solution of
phenanthrene and ethyl acetate; separate
ethyl acetate layer
Plasma Oxidize in dilute hydrochloric acid with man- GC/ECD 10 ng/ml Zaketal., 1977
Hydralazine ganese oxide; centrifuge; add sodium nitrite;
adjust pH with sodium hydroxide and borax
buffer; extract into benzene; centrifuge;
evaporate; dissolve in ethyl acetate
Urine Add EDTA, hydrochloric acid and sodium GC/MS not given Haegele et al., 1976
Rat (hydral- nitrite; extract with chloroform and isopro-
azine) panol; dry over anhydrous sodium sulphate;
redissolve in acetonitrile
Human (hydral-  Extract with chloroform; evaporate; dis- GC/FID not given Talseth, 1976
azine) solve in ethy! acetate; apply to silica gel
plate develop with n-propanoi-ammonium
hydroxide; extract with chloroform and
water; evaporate; dissolve in n-hexane and
ethyl acetate
Liver Place immediately in potassium phosphate GC/MS not given Haegele et al., 1976
Rat (hydral- buffer; homogenize; react with sodium
azine) nitrite; extract with chloroform and iso-

propanol; evaporate

! Probably the hydrochloride

JAIHOTHOOHAAH 3INIZVIVHAAH Pue INIZVIVHAAH
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals
Oral administration

Mouse: An aqueous solution of 0.125% hydralazine hydrochloride (93% pure) was
given continuously as drinking-water for life to 50 male and 50 female random-bred Swiss
mice, from 6 weeks of age. The average daily intake of hydralazine hydrochioride was 7.4
mg for males and 5.4 mg for females. A control group consisted of 50 females and 50
males. Whenever a treated mouse died, a corresponding untreated control mouse was killed
on the same day. Of the treated females, 30 (60%) developed 81 lung tumours; 19 mice
had 40 adenomas, 2 had 2 adenocarcinomas, and 9 had 28 adenomas plus 11 adeno-
carcinomas. Their average age at death was 78 weeks; the first tumour was found at the
49th week and the last at the 98th week. In untreated females, 18 (36%) developed 20 lung
tumours; 15 mice had 17 adenomas, and 3 mice had 3 adenocarcinomas. Their average age
at death was 78 weeks; the first tumour was found at the 55th week and the last at the
92nd week. The increased incidence of lung tumours in females was statistically significant
(P<0.014). In treated males, 23 (46%) developed 58 lung neoplasms; 14 mice had 21
adenomas; 1 mouse had an adenocarcinoma; and 8 had 24 adenomas plus 12 adeno-
carcinomas. Their average age at death was 79 weeks; the first tumour was found at the
60th week and the last at the 96th week of age. In untreated males, 13 (26%) developed 16
lung tumours; 9 mice had 9 adenomas; 4 had 4 adenocarcinomas; and 1 had 1 adenoma
plus 2 adenocarcinomas. Their average age at death was 75 weeks; the first tumour was
found at the 54th week and the last at the 95th week of age (P<<0.032) (Toth, 1978).
[Attention is drawn to the fact that the unusual design of the experiment, whereby a
control inouse was killed each time a treated mouse died, was not followed by an appropri-
ate analysis of the results. The fact that the purity of the compound (93%) was lower than
USP standards (98%) was also noted.]

3.2 Other relevant biological data

fa) Experimental systems

Toxic effects

The i.p. LD, , of hydralazine hydrochloride in rats is 356 mg/kg bw (Mclsaac & Kanda,
1964). The oral LD, is, respectively, 260 and 210 mg/kg bw in male and female mice and
320 and 280 mg/kg bw in male and female rats. Chronic treatment with 60 and 120 mg/kg

bw per day for 1-6 months induced anaemia. Autopsy revealed slight renal tubular de-
generation in male rats and haemosiderosis of the spleen (Onodera et a/., 1978).
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Lupus erythematosus cells were found in the blood of 7 out of 8 dogs administered
hydralazine hydrochloride at daily doses of 200 mg/dog for 2-8 months. The kidneys
showed changes consistent with those found in disseminated lupus erythematosus (Comens,
1956). In other studies in dogs, daily doses of 20 mg/kg bw hydralazine (unspecified) daily
for 2-12.5 months produced anaemia, which the authors said was ‘probably haemolytic’; no
lupus erythematosus cells were found (Dubois et a/., 1957). Daily doses of 50-200 mg/dog
for 29 weeks caused multifocal hepatic necrosis but no symptoms that showed a clear
relationship with disseminated lupus erythematosus (Gardner, 1957). The presence of
antinuclear antibodies, an indicator of disseminated lupus erythematosus, was not detected
in rats given 60 mg/kg bw hydralazine hydrochloride daily for 6 months (Onodera et a/.,
1978). Antinuclear antibodies were detected in 30% of guinea-pigs after daily adminis-
tration of 100 mg/animal of dihydralazine sulphate, a hydralazine derivative, for 7 months
(Monier et a/., 1968).

Hydralazine {not otherwise specified) inhibited hydroxylation steps in collagen syn-
thesis in in vitro studies on chick tibia (Rapaka et a/., 1977).

No published data on the prenatal toxicity of this. compound were available, but it
has been reported that oral doses ranging from 20-120 mg/kg hydralazine hydrochloride
produce a low incidence of cleft palate and minor bone malformations (Association of the
British Pharmaceutical Industry, 1979).

Absorption, distribution, excretion and metabolism

In rats given an oral dose of 12 mg/kg bw hydralazine hydrochloride, maximum levels
of about 100 ng/ml unchanged hydralazine were observed in plasma 30 minutes after inges-
tion; the levels of unchanged hydralazine declined to zero within 24 hours (Degen, 1979).

Acetyl hydralazine 1-(2-acetylhydrazino)phthalazine was reported to be a major
metabolic product in rats, guinea-pigs and pigeons (Douglass & Hogan, 1959). In rats and
rabbits, excretion of hydralazine and its metabolites is rapid (75% of the administered dose
in the urine in 24 hrs); 40-50% was 1-hydralazine-O-glucuronide, 156% unchanged hydra-
lazine and 25-30% N-acetyl-1-hydralazine (Mclsaac & Kanda, 1964). It was later demon-
strated that the actual acetylation metabolite was 3-methyl-s-triazolo(3,4-a)phthalazine
(Edwards & Marquardt, 1969; Haegele et a/., 1976).
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Mutagenicity and other, related short-term tests

Hydralazine (form and purity unspecified) is mutagenic in Sa/monella typhimurium
TA1530 and TA1537 (Tosk et al., 1979; Williams et a/., 1980) and TA100 with or without
rat liver S-9 activation (Shaw et a/., 1979; Williams et a/., 1980). The compound was also
active in the Escherichia coli pol At /A test, indicating an interaction with DNA (Shaw et
al., 1979).

3-Methyl-s-triazolo(3,4-a)phthalazine and 3-hydroxymethyl-s-triazolo(3,4-a)phthala-
zine, metabolites in humas and animals were not mutagenic to S. typhimurium TA1535,
TA1637, TA1538, TA98 or TA100 in the presence or absence of a metabolic activation
system (Shaw et a/., 1979).

Hydralazine,at a dose of 1 mg/ml, elicited DNA repair in rat hepatocytes in primary
culture (Williams et a/., 1980).

(b) Humans!

Hydralazine hydrochloride is an antihypertensive agent, which acts by depressing the
vasomotor centre and by peripheral actions (Harvey, 1975).

Toxic effects

The onset of a syndrome resembling disseminated lupus erythematosus related to the
long-term use of hydralazine is well documented (Bendersky & Ramirez, 1960). This has
also been termed ‘rheumatic syndrome’ or the ‘rheumatogenic action’ of hydralazine. Lupus
erythematosus cells have been found repeatedly in hydralazine-treated patients (Dustan et
al., 1954). This abnormality is said to occur very rarely with doses under 200 mg/day;
however, in a 39-year-old woman who had taken 150 mg/day for 3 years, lupus erythe-
matosus cells were present, antinuclear factor was weakly positive and antideoxyribonucleic
acid antibodies were found in significant amounts. The syndrome regressed completely
when the drug was withdrawn (Berkowitz, 1976).

‘1In most of these studies, the authors did not specify whether hydralazine was used as the free base
or as the hydrochloride, although since there are no technical products or pharmaceutical preparations
that contain the free base, it was probably given as the hydrochloride.
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A case was described of a 72-year-old woman treated with 100 mg hydralazine daily
for 2 years who died in shock with gastrointestinal bleeding. Autopsy revealed prolifera-
tive and fibronoid necroses of the arterioles and arteries of many organs and the appearance
of wire-looping in the renal glomeruli (Bendersky & Ramirez, 1960).

Previous industrial exposure to hydrazine compounds which gives rise to contact
dermatitis may produce hypersensitivity to hydralazine (Malten, 1962).

Prenatal toxicity

In reports in which patients with toxaemia or chronic hypertension during pregnancy
were treated with hydralazine hydrochloride (Curet & Olson, 1979) or with hydralazine in
combination with other antihypertensive agents (Arias & Zamora, 1979), no malformations
were observed in the offspring. The intrauterine growth retardation often seen could have
been associated with the maternal disease.

Heinonen et al. (1977) reported 8 cases of malformation in the children of 136
women who took hydralazine during pregnancy; this incidence was not statistically signi-
ficantly different from the expected rate of 3.8.

Absorption, distribution, excretion and metabolism

Orally administered hydralazine hydrochloride is eliminated rapidly; the main route

of excretion is the urine (more than 70% of the absorbed dose); the faeces represent a
minor route of elimination (less than 10%) (Lesser et a/., 1974). In man, hydralazine
undergoes extensive metabolism; acetylation was proposed as the major pathway for
hydralazine clearance (Zimmer et a/., 1970; Zacest & Koch-Weser, 1972; Reidenberg et al.,
1973). Aceylation via hepatic N-acetyl transferase of hydralazine, as of sulphamethazine or
isoniazid, is subject to genetic polymorphism (Evans, 1968). The plasma half-life of hydra-
lazine ranges from 2.0 to 7.8 hrs in both rapid and slow acetylators; and plasma concen-
trations following i.v. administration were similar in the two groups (Reidenberg et a/.,
1973), while they were lower in rapid than in slow acetylators following oral administration
(Zacest & Koch-Weser, 1972; Reidenberg et a/., 1973). Therefore, slow acetylators can be
identified by their higher plasma levels and rapid acetylators by their lower hydralazine
plasma concentrations after an oral intake (Zacest & Koch-Weser, 1972; Reidenberget a/.,
1973). Most or nearly all cases of the so-called ‘hydralazine syndrome’ have been observed
among slow acetylators (Tester-Dalderup, 1978, 1979).
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Another major plasma metabolite in humans is the hydralazine pyruvic acid hydrazone
(Reece et al., 1978). The mean plasma half-life of this metabolite is 156 min (Shepherd et
al., 1979). Urine of patients treated with hydralazine contains 3-methyl-s-triazolo
(3,4-a)phthalazine (Zimmer et a/., 1973) and 3-hydroxymethyl-s-triazolo(3,4-a)phthalazine
(Zimmer et al., 1975).

3.3 Case reports and epidemiological studies of carcinogenicity in humans!

Two studies relevant to the carcinogenicity of hydralazine in humans were available
to the Working Group. In the first (Perry, 1963), patients with malignant hypertension
who developed hydralazine toxicity were compared with other hydralazine recipients
who did not: 4 of 24 (17%) with toxicity but only 1 of 92 (1%) without toxicity developed
cancer: 2 of the recipients with toxicity had breast carcinomas and 2 had lung carcinomas;
the recipient without toxicity had a rectal carcinoma. [Apart from the small numbers, only
some of the potentially important confounding variables were taken into account. For
example, there were more females among the patients with hydralazine toxicity and hence a
greater likelihood of observing breast cancer among them. Smoking status, of relevance to
lung cancer, was not mentioned.]

Williams et a/. (1978), on the basis of a large study in which cases and controls were
identified in the course of the National Breast-Cancer Screening Project, reported eleva-
ted relative risk estimates for breast cancer in relation to hydralazine use. These estimates
varied but were as high as 2.0, depending upon the specific comparison. The highest relative
risk was found for use which had lasted at least 5 years. The estimates were adjusted for
confounding by age, ethnic group and geographical location, but only to a limited extent for
the concomitant use of other drugs. The results were not statistically significant. [In
addition, in the monograph dealing with reserpine (p. 211), which was the main focus of the
study by Williams et a/. (1978), reasons are given to suggest that there may have been a
general bias arising from the nature of the population selected for study. If this bias were
present, it could apply to all drugs, including hydralazine, found to be associated with breast
cancer.]

[Various workers (e.g., Henderson, 1977; Labarthe, 1979) have suggested that the
associations reported for drugs, such as hydralazine, with breast cancer, may be explained
if hypertension increases the risk. There is good evidence, however (e.g., Labarthe &
O‘Fallon, 1980), that hypertension per se is not related to the risk for breast cancer.]

15ee footnote on p.92.
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4. Summary of Data Reported and Evaluation

4.1 Experimental data

Hydralazine hydrochloride was tested in one experiment in mice by oral administra-
tion. A significant increase in the incidence of lung tumours was reported.

Hydralazine is mutagenic for Salmonella typhimurium. Attention is drawn to the
absence of published studies on the teratogenicity of this compound.

4.2 Human data

Hydralazine is used in the long-term treatment of essential and early malignant hyper-
tension.

Two studies have suggested an association between hydralazine and human cancer.
One was confined to patients with and without hydralazine toxicity, and potential con-
founding factors were not controlled for. The other involved a small number of subjects
exposed to hydralazine, and the possibility of selection bias could not be excluded.

4.3 Evaluation

The experimental data, while providing /imited evidence®' for the carcinogenicity of
hydralazine hydrochloride, were difficult to interpret due to certain aspects of experi-
mental design and analysis. The epidemiological data were insufficient. In view of the
extensive use of this drug, further studies should be undertaken.

15ee preamble, p. 18.
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METHOXSALEN -

1. Chemical and Physical Data
Synonyms and trade names
Chem. Abstr. Services Reg. No.: 298-81-7

Chem. Abstr. Name: 7H-Furo[3,2-g] [1] benzopyran-7-one, 9-methoxy-

IUPAC Systematic Name: 9-Methoxy-7H-furo([3,2-g] benzopyran-7-one

Synonyms: 6-Hydroxy-7-methoxy-5-benzofuranacrylic acid §-lactone; 8-MP;
8-MOP; 8-methoxy-(furano-3,2':6,7-coumarin): 8-methoxy-4'-5:6,7-furo-
coumarin; 8-methoxypsoralen; 9-methoxypsoralen: 8-methoxypsoralene; oxy-
psoralen

Trade names: Ammoidin; Meladinin (VAN); Meladinine; Meladoxen; Meloxine;
Methoxa-Dome; Mopsoralen; Oxsoralen; Soloxsalen: Trioxun; Xanthotoxin;
Xanthotoxine

Structural and molecular formulae and molecular weight

OCH,

C,,H;0, Mol. wt: 216.2
Chemical and physical properties of the pure substance
From Wade (1977) or Windholz (1976)

fa) Description: White to cream-coloured, odourless, fluffy, needle-like crystals

(b) Melting-point: 143-148°C

(c) Spectroscopy data: 7‘max 219 nm, A(1%, 1cm) =97; 249 nm, A(1%, 1cm) =
104; 300 nm, A(1%, 1cm) =53
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(d) Solubility: Practically insoluble in cold water; sparingly soluble in boiling-
water and diethyl ether; soluble in boiling ethanol, acetone, acetic acid,
vegetable oils, propylene glycol, benzene and chloroform

fe) Stability: Easily hydrolysed, whereby the lactone ring is opened; however,
this is closed with acid. Unstable to air and light

1.4 Technical products and impurities

Various national and international pharmacopoeias give specifications for the purity
of methoxsalen in pharmaceutical products. For example, it is available in the US asa
USP grade containing 98.0-102.0% active ingredient calculated on the dried basis; the
melting-range is 143° to 148°, the loss on drying should not exceed 0.5%, the residue on
ignition should be less than 0.1%, and the content of heavy metals should not exceed
0.002%. The pharmacopoeia also includes a paper chromatographic test to limit the
presence of the possible impurities ammidin and bergapten. It is available in a topical
solution containing 9.2-10.8 mg/ml methoxsalen (US Pharmacopeial Convention, Inc.,
1975).

In the UK, it is available in a 1% topical solution and in a skin paint containing
0.75% methoxsalen in combination with 0.25% pentosalen. It is also available as tablets
containing 10 mg methoxsalen in combination with 5 mg pentosalen (Wade, 1977).

It is available in Japan in 10 mg doses as tablets.
2. Production, Use, Occurrence and Analysis

2.1 Production and use

fa) Production

Methoxsalen is a naturally occurring compound that can be isolated from a variety
of plants (see section 2.2). It was first synthesized by Spéth and Pailer in 1936 (Windholz,
1976). In one procedure (Stanley & Vannier, 1957), geranoxypsoralen, obtained from
fractionation of lemon oil, was treated with sulphuric acid to give 8-hydroxypsoralen,

which, on treatment with diazomethane in methanol, gave methoxsalen. [t is not known
whether this s the process used for its commercial production.
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Methoxsalen was first marketed in the US in 1955. There is believed to be only one
producer in the US at present, and no data are available on the amount produced (see
preambile, p. 21).

The compound was introduced in Japan in 1967. One company is believed to manu-
facture it currently but no data are available on the amount produced.

(b) Use

Methoxsalen is used to increase skin tolerance to sunlight and to facilitate repigmenta-
tion in the treatment of the skin disease, vitiligo. For treatment of vitiligo, the daily oral
dose is 20 mg followed within 2-4 hours by a 5-minute exposure to sunlight or long-wave
ultra-violet light (exposure to light may be gradually increased to 30 minutes). When the
1% topical solution is used, it is applied weekly to well-defined affected areas, followed by
a 1-minute exposure to long-wave ultra-violet light (Goodman & Gilman, 1975).

Methoxsalen is also used with long-wave ultra-violet light to produce a phototoxic
reaction in the treatment of psoriasis. It is applied as a 0.1-0.15% topical solution or in 20-
50 mg doses by mouth, followed by irradiation (Wade, 1977).

2.2 Occurrence

Methoxsalen is a naturally occurring substance, produced by several plants, e.g.,
Psoralea corylifolia L., Ammi majus L., Ruta chalepensis L., Ruta graveolens L., and others
(Windholz, 1976; Shawl & Vishwapaul, 1977), which are found in both temperate and
tropical regions. Ammi majus is a white umbellifer related to the wild carrot (Daucus
carota); plants of the genus Ruta include rue, a perennial evergreen shrub with bitter,
strong-scented leaves, once widely used as a medicine. It is also produced by the fungus
Sclerotinia sclerotiorum, which causes ‘pink rot’ disease in celery (Scheel et al/., 1963).

2.3 Analysis

Typical methods for the analysis of methoxsalen in various matrices are summarized
in Table 1. Abbreviations used are: UV, ultra-violet spectrometry, HPLC/UV, high-perfor-
mance liquid chromatography with ultra-violet spectrometry; TLC/FL, thin-layer chroma-
tography with fluorimetry; GC/FID, gas chromatography with flame-ionization detection :
TLC/FD, thin-ayer chromatography with fluorescence densitometry; and GC/MS, gas
chromatography with mass spectrometry.

103



Table 1. Analytical methods for methoxsalen

Sample matrix

Sample preparation

Assay procedure

Limit of
detection

Reference

Formulation

Biological samples

Ammi majus
seeds

Plasma

Serum

Dissolve in ethanol

Extract with ethanol; add hydrochloric acid;
reflux; dilute with ethanol

Add water, potassium hydroxide and
methanolic trimethylpsoralen solution
(internal standard); extract with ethyl
acetate; evaporate; redissolve in methanol

Add water and hydrochioric acid; heat; extract
with benzene-ethyl acetate mixture, evaporate;
redissolve in dichloromethane

Equilibrate with trimethylpsoralen in
potassium hydroxide; extract with
ethyl acetate; evaporate; redissolve in
methanol

Add hydrochloric acid, acetone and
chtoroform; evaporate; redissolve in toluene

Add benzene; centrifuge; evaporate;
redissotve in benzene

uv

TLC/UV

HPLC/UV

TLC/FL

HPLC/UV
GC/MS

TLC/FD

GC/FID

not given

not given

10 ugh

20 ng

10 ug/

not given

10 ug/l

US Pharmacopeial Convention,
Inc., 1975

Shawl & Vishwapaul, 1977

Fincham et a/., 1978

Chakrabarti et al., 1978

Hensby, 1978

Herfst et al., 1978

Gazith & Schaefer, 1977

ol
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals!
(a) Oral administration

Mouse: No statistically significant increase in the incidence of skin tumours or
tumours of internal organs was observed in either sex of mice of various strains given
methoxsalen orally (0.6-40 mg/kg bw or 200-1000 mg/kg diet daily) for 4-12 months alone
or in combination with ultra-violet irradiation (250-400 nm) (O‘Neal & Griffin, 1957;
Griffin et a/., 1958; Pathak et a/., 1959; Langner et a/., 1977; Pathak & Molica, 1978).
[Attention is drawn to the short duration of these experiments.]

Groups of 40 female Swiss mice were given oral doses of 500 mg/kg of diet methox-
salen for 100 days in combination with various exposures to ultra-violet light. When the
ultra-violet light was given for 2 hours daily for 3 months, 35% of the mice had skin
tumours; when given for 30 minutes daily for 3 months, 25% of the mice had skin
tumours; and when given for 10 minutes daily for 6 weeks, 20% of the mice had skin
tumours. No skin tumours were seen in 3 groups of 40 control mice that received ultra-
violet light only (Griffin, 1959).

(b) Skin application

Mouse: A group of 24 female ICR Swiss mice were given applications of a 0.1%
solution of methoxsalen in ethanol on the ears and exposed to whole-body ultra-violet
irradiation (280-360 nm) on 5 days a week for 25 weeks, at which time the incidence of
ear tumours (epidermal papillomas and carcinomas) was 52% versus 20% in a control group
exposed to ultra-violet light only (Urbach, 1959).

Two groups of 20 SKH:hairless mice were given daily skin applications of 40 ug of a
0.01% solution of methoxsalen in methanol, or of 40 ug of methanol only, 30-60 minutes
before a whole-body 10-minute exposure to ultra-violet light (300400 nm) on 5 days a
week. Skin tumours, most of which developed at the site of application near the midline
of the back, were seen in 15/30 and 12/24 animals (i.e., 50%) in the two groups at 14 and
30 weeks, respectively. The number of tumours per mouse was significantly higher in
animals given methoxsalen plus ultra-violet light. Most of the tumours were squamous-cell
carcinomas; others were fibrosarcomas, lymphosarcomas, sebaceous adenomas and hae-
mangiomas (Forbes & Urbach, 1975).

1The Working Group was aware of a bioassay in progress in which methoxsalen was administered
without ultra-violet light to mice and rats {Anon., 1980).
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Two groups of 24 SKH:hairless-1 outbred stock mice were given applications of 40
ug of a 0.1 g/l solution of methoxsalen in methanol, or of methanol alone, prior to a 2-
hour local exposure to ultra-violet light (300400 nm) on 5 days a week for 38 weeks.
Fifty percent of animals developed skin tumours at the site of application near the midline
of the back, at 20 weeks in the treated group and at 27 weeks in the vehicle-control group
(P<0.01). From 18 to 28 weeks, the numbers of tumour-bearinganimals and of tumours
per animal were significantly higher in treated animals than in controls (P<0.05 and
P<0.01); 45/50 hiétologically analysed tumours were squamous-cell carcinomas; other
tumours were sarcomas, haemangiomas and spindle-cell tumours of the skin (Forbes et
al., 1976).

Groups of 20-25 female SKH:hairless-1 and HRS/J/An1 mice were given applications
of 260 ug methoxsalen in ethanol 60 minutes prior to a whole-body exposure to 3 dif-
ferent wavelengths of ultra-violet light (300-400 nm, 320400 nm or 365 nm) 5 times
weekly for 24 weeks. Of the SKH:hairless-1 mice exposed to either 300-400 nm or 320-
400 nm plus methoxsalen, 17/20 and 15/19 developed squamous-cell or basal-cell car-
cinomas within 90 weeks, some of which metastasized, compared with 8/19 in the group
exposed to 365 nm. Of HRS/J/An1 mice exposed to the 3 wavelengths, 0/25, 4/23 and
9/23 animals developed squamous-cell and basal-cell carcinomas of the skin, one of which
metastasized. Treated mice also developed fibrosarcomas: in SKH:hairless-1 mice, the
respective incidences were 6/20, 5/19 and 2/19; in HRS/J/An1 mice, the incidences were
5/25, 1/23 and 4/23. In a second experiment in which groups of 30 mice of each strain
were exposed to ultra-violet light from a fluorescent sun lamp prior to skin application of
methoxsalen and subsequently exposed to 365 nm ultra-violet light, a high (almost 100%)
incidence of skin carcinomas was observed in SKH:hairless-1 mice and a 30% incidence in
HRS/J/An1 mice, compared with a 0 incidence in mice exposed only to 365 nm ultra-
violet light (Grube et a/., 1977).

Of 40 XVlinc/Z mice given 115 topical applications of 15 ug/cm? methoxsalen in
acetone on each ear and irradiated with 1.68 x 10* J/m? of 365 nm ultra-violet light, 92%
developed skin tumours, compared with none in 20 irradiated controls (Dubertret et al/.,
1979).

Four groups of 25 female Swiss albino mice received twice-weekly skin paintings of
5 ug methoxsalen in 0.05 ml ethanol together with subsequent exposures to ultra-violet
light (300400 nm) for 15, 30, 45 or 60 minutes, respectively. Subcutaneous malignant
tumours (mammary adenocarcinomas, skin carcinomas and carcino-mixo-sarcomas) and
lymphomas were seen in 43% of the treated animals from all groups combined at the
60th week after initial exposure, compared with 15% of control mice exposed to ultra-
violet light alone (Santamaria et a/., 1979).
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(c) Intraperitoneal administration

Mouse: Two groups of twenty 8-10-week-old female Swiss mice were given i.p.
injections of 0.4 mg methoxsalen on 6 days a week for 10 months and were observed for
an additional month. In one group, each injection was followed 1 hour later by a 20-60-
minute ultra-violet irradiation (2560 nm). A third group of 20 mice was exposed to ultra-
violet irradiation (2560 nm) alone. No epidermal tumours were observed in the group that
received methoxsalen alone; the epidermal tumour incidences in the two groups exposed
to ultra-violet light, with and without methoxsalen, were 10-20% and 20%, respectively. In
a concomitant experiment, 20 female Swiss mice were injected intraperitoneally with
methoxsalen (0.4 mg/day, 6 days a week for 6 weeks) 1 hour before a 10-minute exposure
to long-wave ultra-violet light (>320 nm). All animals developed epidermal tumours,
whereas none were observed in 20 control mice exposed only to the ultra-violet light. The

tumours were fibrosarcomas and squamous carcinomas of the ears and the eye region
(Griffin et a/., 1958). -

A group of 40 female Swiss albino mice were exposed to ultra-violet light (<320 nm)
for 15 minutes per day for 90 days and received daily i.p. injections of 0.4 mg/mouse
methoxsalen in gum arabic. A control group of 40 mice were exposed only to the ultra-
violet light for 100 days. Ear tumours were observed in 60% of treated and 12% of control
mice at 100 days, and in 97% and 68%, respectively, at 210 days. In a concomitant experi-
ment, 2 groups of 40 Swiss albino mice received daily i.p injections of 0.1 mg/mouse
methoxsalen 1 hour before a 15-minute ultra-violet irradiation, or 0.4 mg/mouse methox-
salen 20-22 hours before the ultra-violet irradiation, for 110 days. A control group of 40
mice were exposed only to ultra-violet irradiation. At 180 days, ear tumours were
observed in 89% and 66% of the treated mice and in 62% of the control mice. The
tumours were fibrosarcomas and squamous-cell carcinomas (O‘Neal & Griffin, 1957).

Daily i.p. injections of 0.4 mg methoxsalen to 24 female ICR Swiss mice 1 hour
before exposure to ultra-violet light (280-360 nm) on 5 days a week for 25 weeks resulted
in an increased incidence of ear tumours (epidermal papillomas and carcinomas): 68% of
mice developed tumours versus 20% of controls exposed only to ultra-violet light (Urbach,
1959).

Of 40 Swiss mice given 36 i.p. injections of 0.4 mg methoxsalen per animal and
irradiated with 1.68 x 10* J/m? of 365 nm ultra-violet light, 90% developed skin tumours.
No controls were available for this strain of mice (Dubertret et a/., 1979).
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3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

The oral LD, of micronized methoxsalen was 791 mg/kg bw in male Sprague-
Dawley rats, 699 mg/kg bw and 556 mg/kg bw in male and female CD-1 mice and 449 and
423 mg/kg bw in male and female Swiss-Webster mice. The i.p. LD,, of micronized
methoxsalen was 189 and 158 mg/kg bw in male and female Sprague-Dawley rats and
about 250 mg/kg bw in male and female CD-1 mice (Apostolou et al., 1979). [In the sus-
pensions used in these studies, 90% of the particles were <60 um in diameter and 80%
were <20 um.]

Chronic toxicity studies in mice revealed that small i.p. doses (12 mg/kg bw daily for
1 year) of a suspension (of unspecified particle size) of methoxsalen in saline induced no
detectable changes; however, i.p. injection of 4 mg/kg bw methoxsalen in saline followed
by exposure to long-wave ultra-violet irradiation (320-400 nm) resulted in severe toxic
effects including erythema, burns and liver damage (Hakim et a/., 1961).

In guinea-pigs, skin treatment with methoxsalen and ultraviolet irradiation blocked
delayed hypersensitivity responses in exposed areas and, to a lesser but quite significant
extent, at unexposed sites (Morison et a/.,, 1979). Mice given topical applications of
methoxsalen and ultra-violet light (320-400 nm) supported the growth of transplanted
tumours irradiated with ultra-violet light (Speliman, 1979). These two studies suggest that
methoxsalen and ultra-violet light suppress immunological surveillance of the skin.

No data on the prenatal toxicity of this compound were available.
Absorption, distribution, excretion and metabolism

After oral administration to dogs (0.5 mg/kg bw) and rats (40 mg/kg bw), absorption
was rapid. After administration of !4C-methoxsalen, maximum levels of radioactivity in
the plasma occurred within 2 hrs after dosing in rats and within 30 minutes in dogs (Busch
etal., 1978).

The distribution of ? H-methoxsalen was studied by whole-body radiography in albino
and pigmented rats after oral and i.v. treatment. The total radioactivity present in the
various organs was estimated semiquantitatively: the higher accumulation of radioactivity
(approximately 6 times higher than blood) occurred in the liver, kidneys and adrenal
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cortices. Skin concentrations of radioactivity were comparable with blood levels and were
similar in albino and pigmented rats; ultra-violet light (10° J/m?) increased the s.c. con-
centrations of radioactivity (Wulf & Hart, 1979). After oral administration (3 mg/kg bw),
pigmented rats had a very high concentration of 3 H-methoxsalen (or its metabolites) in the
pigmentary layer of the retina, ciliary body and iris, which were not comparable with those
in albino rats (Wulf & Hart, 1978). '

Single i.v. doses of 5 mg/kg bw !*C-methoxsalen to dogs disappeared rapidly from
plasma, although small levels of radioactivity persisted for 5 weeks after administration.
Evidence suggested that the persistent plasma radioactivity was due to a metabolite bound
to plasma protein. Elimination occurred in both urine and bile; 45% of the dose appeared
in the urine and 40% in the faeces within 72 hrs of administration. Methoxsalen is ex-
tensively metabolized, and less than 2% of the drug is excreted unchanged in the urine.
Four urinary metabolites were isolated; 3 of them resulted from opening of the furan ring:
these are 7-hydroxy-8-methoxy-2-oxo-2H-1-benzopyran-6-acetic acid, o,7-dihydroxy-8-
methoxy-2-0x0-2H-1-benzopyran-6-acetic acid, and an unknown conjugate of the former
at the 7-hydroxy position. The fourth metabolite, formed by opening of the pyrone ring,
is an unknown conjugate of (Z)-3-(6-hydroxy-7-methoxybenzofuran-5-yl)-2-propenoic acid
(Koliset al., 1979).

Methoxsalen administered orally to mice at high dosages (80 mg/kg bw daily for 6
days) increased microsomal enzyme activity and cytochrome P450 content in the liver
(Bickers et al., 1977). Prolonged treatment (1,2 and 4 weeks) with 0.6 mg/kg bw per day
did not modify this activity in rats although administration of 6 and 12 mg/kg bw per day
did so to a statistically significant degree (Tsambaos et a/., 1978).

Mutagenicity and other, related short-term tests

Methoxsalen forms cyclobutane mono- and di-adducts with pyrimidine bases of DNA,
by photoaddition under ultra-violet radiation, crosslinking 2 pyrimidine bases in the latter
case (Parrish et a/., 1974; Dubertret et a/., 1979; Dall’Acqua et a/., 1979). The mono-
adducts produced by treatment with methoxsalen plus near ultra-violet light are converted
to crosslinks by further irradiation (Seki et a/., 1978). This binding has been measured and
found to increase in a dose-dependent manner (Bredberg et a/., 1977). A review on the
photobiology of psoralens is available (Song & Tappley, 1979).

The covalent photobinding to DNA does not occur at random along the macromole-
cule: the regions with alternate sequence of A-T appear to be the best receptor sites for
the formation of monoadducts, while the regions containing an alternate sequence of A-T
and C-G appear to be the preferential sites for the crosslinkage formation (Dall’Acqua et /.,
1979).
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Methoxsalen in combination with long-wave ultra-violet irradiation (320-400 nm,
maximum at 340-360 nm) has been found to induce mutagenic effects in a variety of test
systems. In most of the studies, methoxsalen alone, without ultra-violet light, had no
detectable mutagenic effect on the frequencies of the mutagenic events (reviewed by
Scott et al., 1976). Mutations were observed with methoxsalen plus ultra-violet light in
some strains of Escherichia coli (lgali et al., 1970; Fujita et al., 1978; Bridges &
Mottershead, 1979), Serratia marcescens (Joseph et al., 1974), Aspergillus nidulans
(Alderson & Scott, 1970), Streptomyces species (Townsend et a/., 1971) and Saccharo-
myces cerevisiae (Swanbeck & Thyresson, 1974; Henriques et al., 1977; Averbeck &
Moustacchi, 1979). In E. coli, the induced mutation frequency per lethal hit was highest
with 298 nm, decreased to a minimum with 345 nm and increased again with higher wave-
lengths (Fujita & Suzuki, 1978). In studies with different strains of £. col/, it was sug-
gested that crosslinks are more mutagenic than monoadducts in wild-type bacteria and
that mutations may arise as rare events during excision repair (Seki et a/., 1978; Bridges et
al., 1979). Methoxsalen has furthermore been shown to act as a weak frameshift mutagen
in the absence of ultra-violet light in £. co/i K-12 and in Sa/monella typhimurium TA1538
and TA98 (Clarke & Wade, 1975; Ashwood-Smith, 1978; Bridges & Mottershead, 1977).

In Saccharomyces cerevisiae, at least two pathways are involved in the repair of
damage induced by methoxsalen plus 365 nm ultra-violet light (Averbeck & Moustacchi,
1975). The DNA interstrand crosslinks induced in S. cerevisiae by such damage may be
repaired by an error-prone process which may be the chief step in the mutagenic effect
(Averbeck & Moustacchi, 1980).

Mouse, rat and hamster embryo cultures, as well as several established cell lines
(BHK, ,/Cl, ;, NIH/3T3, Balb/c 3T3), were transformed by treatment with methoxsalen-
ultra-violet light, as judged by morphological and growth criteria. When hamster embryo
fibroblasts transformed by methoxsalen-ultra-violet light were injected into hamsters,
spindle-cell sarcomas were produced in the cheek pouches of adult animals, and palpable
tumours in 2-day animals, 3 days after s.c. injection (Evans & Morrow, 1979).

A significant increase in sister chromatid exchanges has been described in Chinese
hamster ovary cells under the influence of 6-50 uM methoxsalen plus 560 J/m? ultra-
violet light (Latt & Loveday, 1978).

in the dark, methoxsalen induced mutations in V-79 Chinese hamster cells (Bridges
et al., 1978) and sperm morphology abnormalities in mice (Bridges, 1979).



METHOXSALEN

The interaction of methoxsalen plus ultra-violet light with DNA leads to an inhibition
of semiconservative DNA synthesis in mouse, hamster and human cells (Epstein &
Fukuyama, 1970,1975; Baden et a/., 1972; Pohl & Christophers, 1978) and evokes
unscheduled DNA synthesis in cuitured normal human fibroblasts (Baden et a/., 1972).

Treatment with methoxsalen plus ultra-violet light was first shown to induce muta-
tions in V-79 Chinese hamster cells by Arlett (1973). The induction of point mutations
has also been studied on a quantitative basis with V-79 Chinese hamster cells: after treat-
ment with 10 ug/ml methoxsalen plus 0-800 J/m? ultra-violet light, an increased number
of hypoxanthineguanine phosphoribosyl transferase (HGPRT) mutants was found. This
would result in an expected maximum number of 12.4 x 10”° mutations in human skin
during a photochemotherapy session (Burger & Simons, 1979a); however, a similar study
in cultured human skin fibroblasts showed a 10-fold lower number of mutations in human
cells as compared with rodent cells (Burger & Simons, 1979b).

Human cells have been used extensively for assessing possible genetic damage pro-
duced by photochemotherapy. Sister chromatid exchanges increased in frequency when
human lymphocytes were irradiated with 365-400 nm in the presence of 0.06-0.5 uM
methoxsalen (Carter et a/., 1976; Gaynor & Carter, 1978; Wulf, 1978; Waksvik et al.,
1977). Fibroblast cells also exhibited chromosome damage concomitant with an inhibition
of cell proliferation; the proliferation rate gradually normalized during subsequent
passages, whereas chromosome aberrations increased (Omar et a/., 1977). Shuler & Latt
(1979) observed an increase in sister chromatid exchanges after methoxsalen-ultra-violet
light treatment of Chinese hamster pouch cells in vivo.

{(b) Humans

Methoxsalen increases skin tolerance to sunlight (Goodman & Gilman, 1975).

Toxic effects

Nater (1979) has summarized the side effects from 41,000 courses of treatment with
methoxsalen plus ultra-violet light; erythema or burns occurred in about 10%, pruritis in
14% and nausea in 3%; headache and dizziness were also recorded. In a similar study
(Mackey, 1979), reactivation of peptic ulcer symptoms was reported in 3 patients who had
a history of previous ulceration.

A significant decrease in the number and function of T-cells has been reported in
patients undergoing therapy with a combination of psoralen drugs and ultra-violet irradia-
tion (Cormane et a/., 1977).
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Damage to the nail-beds was induced by methoxsalen and sunlight in 2 patients.
Histological examination of the nail-beds showed that the photosensitizing effect of the
drug induced the generation of many multinucleated epithelial cells and fibroblasts in the
dermis (Zala et a/., 1977).

Three of 20 healthy volunteers given increasing doses of topically applied 1%
methoxsalen in hydrophilic ointment 3 times a week plus ultra-violet light developed
photoallergy (Fulton & Willis, 1968).

No data on prenatal toxicity of methoxsalen were available.
Absorption, distribution, excretion and metabolism

Methoxsalen is rapidly absorbed after an oral dose of 40-560 mg (Schalla et a/., 1976;
Gazith & Schaefer, 1977). Following an oral dose of 50 mg, maximum serum concen-
trations ranged between 1-1.5 ug/ml (Gazith & Schaefer, 1977).

After an oral dose of 40 mg !'4C-methoxsalen, the peak concentration of radio-
activity in the plasma occurred at 2 hours; 50% could be accounted for by unchanged drug
(Busch et al., 1978). Among 9 psoriasis patients given oral doses of 0.57-0.70 mg/kg
bw methoxsalen, peak serum concentrations occurred 2-6 hours later, although individual
variations were observed (Steiner et a/., 1977).

Following topical application, methoxsalen penetrates rapidly into the epidermis and
dermis. Penetration was dependent on the polarity of the vehicle. The drug transport rate

from the skin is a function of the flow rate from the horny reservoir (Kammerau et al.,
1976).

Methoxsalen is extensively metabolized, and no unchanged drug is excreted in the
urine (Schalla et al., 1976; Busch et a/., 1978): 80% of a dose of 40 mg was excreted in
the urine within 8 hours as hydroxylated and glucuronide derivatives (Pathak et a/., 1974).

Mutagenicity and other, related short-term tests

Treatment with methoxsalen plus ultra-violet irradiation resulted in a significant
increase of aberrations in lymphocyte chromosomes of 1/8 patients, slight but nonsignifi-
cant increases in 6 and no increase in 1 patient (Swanbeck et a/., 1975): sister chromatid
exchanges were also observed (Mourelatos et a/., 1977a). No chromosome aberrations or
sister chromatid exchanges were observed in psoriasis patients treated with the com-
bination (Wolff-Schreiner et a/., 1977; Brdgger & Waksvik, 1978: Lambert et al., 1978);
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but when white blood cells removed from patients after treatment were reirradiated with
ultra-violet light in vitro, there was a significant increase in sister chromatid exchanges
(Mourelatos et a/., 1977b; Wolff-Schreiner et a/., 1977; Lambertet al., 1978).

The methoxsalen concentrations and ultra-violet irradiation conditions to which
human lymphocytes are exposed therapeutically in vivo have been shown to be too low to
induce observable numbers of sister chromatid exchanges (Burger & Simons, 1979b).
However, more point mutations, as indicated by the increased incidence of 6-
thioguanine-resistant lymphocytes, were observed in patients treated with psoralen drugs
and ultra-violet irradiation than in healthy controls (Strauss et a/., 1979).

3.3 Case reports and epidemiological studies of carcinogenicity in humans

Mdller & Howitz (1976) reported on a 41-year-old woman with vitiligo treated with
sunlight and 20-30 mg/day (0.5 mg/kg bw) methoxsalen orally for 91 days. She develo-
ped multiple basal-cell carcinomas on the trunk about 2 months after treatment. She had
received 1g arsenic trioxide (a known carcinogen, see IARC, 1980) for one year 8 years
previously, had had therapy with sunlight for several years, and had received a placebo and
sunlight in a clinical trial 1 year before receiving methoxsalen therapy.

Two further case reports described patients who developed haematological malig-
nancies after receiving methoxsalen and long-wave ultra-violet irradiation for psoriasis.
In one (Wagner et a/., 1978), a 73-year-old man who received two series of such treatment
(30 mg methoxsalen/day plus ultra-violet light) 4 times a week for a total of 30 weeks
developed haematological abnormalities described as ‘preleukemia or hematopoietic
dysplasia’ with ‘excess myeloblasts’ in the marrow. Previous treatment had included
topical steroids, Bucky rays [grenz rays (~200 nm)], tar paste and petroleum jelly with
salicylic acid. He had also received hydrofiumethiazide, potassium chloride, theophyll-
amine, phenylbutazone (see |IARC, 1977), indomethacin and allopurinol, some of which
have been associated with blood dyscrasias. In the other report, Hansen (1979) described a
70-year-old woman with psoriasis who received 20 mg methoxsalen/day plus ultra-violet
irradiation for 109 days. Therapy was stopped when she developed spinocellular car-
cinomas on both elbows. Two years later she developed acute myeloid leukaemia. Previous
treatment had included alpha rays, Bucky rays and local ointments, including steroids.

Two randomized clinical trials were carried out to determine whether methoxsalen
would protect against sunlight-induced skin cancer by increasing pigmentation and corni-
fication of the skin (Hopkins et a/., 1963; MacDonald et a/., 1963). Patients with a
history of skin cancer (173 in El Paso, USA and 92 in Sydney, Australia) were entered into
the trials and randomly assigned to receive either 20 mg/day methoxsalen or placebo.
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The dose used was sufficient to produce a statistically significant increase in skin tanning
in the methoxsalen-treated group. There was no significant difference in the incidence of
new skin cancer over 2 years in either study, but the numbers of patients and skin cancers
were small.

In a cohort study of 1373 patients treated with methoxsalen plus ultra-violet light for
psoriasis (Stern et a/., 1979), 30 patients developed 19 basal-cell carcinomas and 29
squamous-cell carcinomas of the skin over a 2.1 -year follow-up period. On the basis of age,
sex and geographic location-specific incidence rates, 11.4 patients would have been
expected to develop skin tumours (relative risk, 2.6; 95% confidence interval, 1.9-3.9).
In support of a causal interpretation of the data, the authors noted that: (1) The propor-
tion of squamous-cell cancers occurring more than 1 year after the treatment was much
higher (24 of 30 cancers, 80%) than either before the treatments began (5 of 30, 17%) or
within the first year of treatment (5 of 18, 28%). (2) The squamous-cell cancers occurred
more often (86%) on areas of the body not normally exposed to sunlight than did the
basal-cell carcinomas (32%). (3) In the 2 years prior to treatment with methoxsalen plus
ultra-violet light, the patients in the study showed no excess of new skin cancers: 12
patients reported new skin cancers, while the expected number was 11.3 (relative risk,
1.05; 95% confidence interval, 0.6-2.5). [The study subjects were examined annually by a
dermatologist and were thus more likely to have skin cancers noted than would the general
population, from which the expected number of cases was derived. This ascertainment
bias would artefactually increase the relative risk. Additionally, even if the observed excess
of cancers were due to the treatment, all patients received both methoxsalen and ultra-
violet light; thus, the effect cannot be attributed to either agent alone.]

4. Summary of Data Reported and Evaluation

4.1 Experimental data

Methoxsalen alone has not been tested by skin application and was inadequately
tested in mice by oral and by intraperitoneal administration.

It was tested in combination with long-wave ultra-violet light in mice by oral and
intraperitoneal administration and by skin application: it increased the incidence of epi-

dermal and dermal tumours.

Methoxsalen, mainly in combination with long-wave ultra-violet light, but also in the
dark, was mutagenic in a variety of prokaryotic and eukaryotic cells.

Attention is drawn to the absence of studies on the teratogenicity of this compound.
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4.2 Human data

Methoxsalen is mainly used in combination with long-wave ultra-violet light in the
treatment of vitiligo and severe psoriasis.

Methoxsalen and long-wave ultra-violet light together have been associated with
haematopoietic neoplasms in two patients, with basal-cell skin cancer in another, and with
squamous-cell skin cancer in a cohort study of patients with psoriasis. In the cohort study,
increased surveillance of study subjects may have biased comparisons with the general
population. However, a change in the ratio of squamous- to basal-cell tumours, the appear-
ance of tumours in body areas not normally exposed to sunlight, and a change in tumour
incidence within the cohort would support a causal interpretation. In none of these
reports could the possible effects of methoxsalen alone be distinguished from those of long-
wave ultra-violet light or of the combination of the two. Methoxsalen alone did not alter
the incidence of skin cancer over two years in two small controlled trials of its use as a
putative prophylactic for this disease.

These data are insufficient to allow a conclusion as to the carcinogenicity of
methoxsalen in humans.

4.3 Evaluation

The available experimental and epidemiological data on methoxsalen alone were in-
adequate to make an evaluation of its carcinogenicity.

There is sufficient evidence! that methoxsalen increases the carcinogenic effects of
long-wave ultra-violet light in mouse skin. In view of the combined use of these agents in
the treatment of skin disorders in humans, further studies should be undertaken of humans
who have been exposed to them.

1See preamble, p. 18.
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NAFENOPIN

1. Chemical and Physical Data
Synonyms and trade names
Chem. Abstr. Services Reg. No.: 3771-19-5

Chem. Abstr. Name: Propanoic acid, 2-methyl-2-[4-(1,2,3,4-tetrahydro-1-
naphthalenyl)phenoxy] -

IUPAC Systematic name: 2-Methyl-2-[4-(1,2,3,4-tetrahydro-1-naphthyl)phenoxy] -
propanoic acid

Synonyms: 2-Methyl-2-[4-(1,2,3,4-tetrahydro-1-naphthalenyi)phenoxy] propanoic
acid; 2-methyl-2-[para-(1,2,3,4-tetrahydro-1-naphthyl)phenoxy] propionic acid; o-
methyl-a-(para-1,2,3,4-tetrahydronaphth-1-ylphenoxy)propionic acid; nafenoic acid

Trade names: CH 13-437; CH 13437; CIBA 13437 Su; CIBA 13,437 Su; C 13437
Su; Melipan; Su 13437; Su 13.437; TPIA

Structural and molecular formulae and molecular weight

QD w
oL

CH,
C,0H;,0,4 Mol. wt: 310.4
Chemical and physical properties of the pure substance
Melting-point: 127-128°C (Hess & Bencze, 1968)
Technical products and impurities

No information was available to the Working Group.



126 IARC MONOGRAPHS VOLUME 24
2. Production, Use, Occurrence and Analysis

2.1 Production and use

{a) Production

Nafenopin was first prepared in 1963. Hess & Bencze (1968) described the following
method of preparation: phenol was alkylated with 1,2,3,4-tetrahydro-1-naphthol by a
Friedel-Crafts reaction, and the resulting para-substituted phenol was converted to its
sodium salt and etherified with ethyl a-bromoisobutyrate. Hydrolysis of the resulting
ethyl ester in methanolic potassium hydroxide solution furnished nafenopin. It is not

known whether this is the process used in its manufacture.

It is believed that nafenopin is produced only as an investigative drug by one company
in Switzerland. No data are available on the quantitites produced.

(b) Use

Nafenopin has been studied for use in the treatment of hypercholesterolaemia (Wade,
1977) or hypertriglyceridaemia at doses of 400-600 mg per day for 2-6 weeks.

2.2 Occurrence
Nafenopin is not known to occur in nature.
2.3 Analysis

No data were available to the Working Group.
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals
Oral administration

Mouse: Nafenopin was administered in the diet of groups of 20 male and 20 female 5-
8-week-old acatalasemic (CsP strain with unstable catalase gene) and wild-type (Cs@ strain)
mice at a concentration of 0.1% (w/w) for one year, after which the surviving animals were
fed this drug at a dietary concentration of 0.05% until termination of the experiment at 20
months. Exploratory laparotomies were performed at 6, 12, 18, 26, 35, 48, 60 and 70
weeks, and liver biopsies were obtained for light and electron microscopic examination. By
56 weeks, all male and female wild-type (Cs®) mice had died, and no liver tumours were
detected; the mortality rate in acatalasemic (CsP) mice at that time was about 50% (effec-
tive numbers: 9 males and 12 females). At between 18 and 20 months of the experiment,
9/9 male and 12/12 female acatalasemic mice developed multiple hepatocellular carcinomas;
5 of these metastasized to the lungs. None of the 15 male and 15 female acatalasemic mice
that served as controls developed tumours of any type within 20 months (Reddy et al/.,
1976). [Attention is drawn to the unusual absence of tumours in the control mice.]

Rat: A group of male Fischer 344 rats, weighing 80-100 g, were administered nafenopin
in the diet at a concentration of 0.1% (w/w) for up to 25 months. Of the treated rats, 12/
15 developed tumours: 11 hepatocellular carcinomas, 1 pancreatic acinar-cell carcinoma and
2 pancreatic acinar-cell adenomas. None of the 10 control rats developed liver or pancreatic
tumours; however, 6/10 controls and 10/15 nafenopin-treated rats developed Leydig-cell
tumours of the testis. The hepatocellular carcinomas, as well as the acinar-cell carcinoma of
the pancreas, that developed in nafenopin-treated rats were successfully transplanted
(Reddy & Rao, 1977 a,b).

3.2 Other relevant biological data
{a) Experimental systems

No data on the toxicity, prenatal toxicity or absorption, distribution, excretion or
metabolism of nafenopin were available.
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Effects on intermediary metabolism

In rats and beagle dogs, oral administration of 1 or 2 mg/kg bw nafenopin daily for 7
days caused a significant reduction in serum cholesterol and triglyceride levels (Hess &
Bencze, 1968). Reduction in serum triglycerides was also observed in mice fed diets con-
taining 0.125% nafenopin for 8 weeks (Reddy et a/., 1974).

Feeding of 0.01-0.25% (w/w) nafenopin produced a marked increase in liver weight in
both male and female rats and mice (Best & Duncan, 1970; Beckett et a/., 1972; Reddy et
al., 1973, 1974; Leighton et al., 1975). In mice, after 1, 6 and 32 weeks of treatment with
0.125 or 0.1% nafenopin in the diet, the total hepatic DNA and mitotic and 3 H-thymidine-
labelling indices in liver increased significantly compared with controls (Moody et al.,
1977). After a single oral or i.p. dose to rats of 200 mg/kg bw nafenopin, a marked stimu-
lation of hepatic ornithine decarboxylase activity occurred; peak activity was found 19-
24 hours after the oral dose and 10 hours after i.p. administration (Levine et a/., 1977).

Duration of zoxazolamine-induced paralysis after pretreatment with nafenopin was
used as an index of drug-metabolizing enzyme induction in the rat liver. Three days’ pre-
treatment with 250 mg/kg bw given orally twice daily significantly reduced (P<<0.005) the
duration of zoxazolamine paralysis in female rats but caused a significant increase
(P<0.005) in males. Pretreatment for 14 days caused a similar, pronounced decrease in
paralysis duration in animals of both sexes (Tuchweber et a/., 1976).

Nafenopin, like other potent hypolipidaemic drugs (Reddy & Krishnakantha, 1975),
induced proliferation of peroxisomes in liver parenchymal cells of rats and mice (Reddy et
al., 1974; Leighton et al., 1975) and increased several peroxisome-associated enzymes, such
as catalase, short- and medium-chain carnitine acyl-transferase and fatty acyl-coenzyme A
oxidase in the livers (Reddy et a/., 1973, 1974; Moody & Reddy, 1974, 1978; Inestrosa et
al., 1979).

A marked increase in the content of an 80,000 mol. wt polypeptide that is associated
with peroxisome proliferation occurred in the livers of rats fed nafenopin (see monograph
on clofibrate, p. 39) (Reddy & Kumar, 1977).

Mutagenicity and other, related short-term tests

Nafenopin was not mutagenic to Salmonella typhimurium strains TA98, TA100,
TA1535, TA1537 or TA1538, with or without metabolic activation by rat liver microsomes
(Warren et a/., 1980).
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Although nafenopin suppressed the incorporation of *H-thymidine into replicating
DNA in primary cultures of concanavalin A-stimulated mouse splenic lymphocytes, both in
the presence and absence of a rat liver microsomal preparation, the effect was reversible
upon removal of the drug. This is in contrast to the action of several DNA-binding carcino-
gens. It was concluded that nafenopin did not cause DNA damage (Warren et a/., 1980).

(b) Humans

Nafenopin decreases serum triglycerides (Dujovne et a/., 1971; Russo & Mendlowitz,
1971; Beaumontet a/., 1974).

Toxic effects

In a clinical trial of 17 patients, nafenopin caused marked increases in both serum
glutamic-oxaloacetic transaminase and glutamic-pyruvic transaminase (SGOT and SGPT) in
two patients; the effect was reversible (Dujovne et a/., 1971).

Absorption, distribution, excretion and metabolism

It was reported in an abstract that healthy, adult male subjects who ingested 200 mg
nafenopin (!“C-labelled in the carboxyl! position) excreted approximately 50% of the dose
in the urine as polar metabolites, which were not characterized. No !4C-activity was
detected in expired air (Bianchine et a/., 1969).

Effects on intermediary metabolism

Although serum lipid and vitamin E levels are reduced, nafenopin has no effect on
serum carotene levels (Weiss & Bianchine, 1969).

No data were available on the prenatal toxicity or mutagenicity of nafenopin in humans.
3.3 Case reports and epidemiological studies of carcinogenicity in humans

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

4.1 Experimental data

Nafenopin was tested in acatalasemic mice (a strain with an unstable catalase gene) and
in male rats by oral administration: it produced hepatocellular carcinomas in both species.
A low incidence of pancreatic tumours was also observed in rats.

It was not mutagenic in Sa/monella typhimurium.

Attention is drawn to the absence of studies on the teratogenicity of this compound.
4.2 Human data

Nafenopin has been suggested for use as a hypolipidaemic agent.

No case reports or epidemiological studies were available to the Working Group.
4.3 Evaluation

There is sufficient evidence! for the carcinogenicity of nafenopin in experimental

animals. For practical purposes, nafenopin should be regarded as if it presented a car-
cinogenic risk to humans.

1See preamble, p. 18.
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PHENACETIN

This substance was considered by a previous working group, in October 1976 (IARC,
1977). 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.: 62-44-2
Chem. Abstr. Name: Acetamide, N-(4-ethoxyphenyl)-
IUPAC Systematic Name: Acetyl-phenetidine

Synonyms: 1-Acetamido-4-ethoxybenzene; para-acetophenetide; para-aceto-
phenetidide; aceto-para-phenetidide; acetophenetidin; acetophenetidine; para-
acetophenetidine; aceto-4-phenetidine; acetophenetin; aceto-para-phenalide;
acetphenetidin; para-acetphenetidin; acet-para-phenetidin; acetylphenetidin:
N-acetyl-para-phenetidine; para-ethoxy-acetanilid; 4-ethoxyacetanilide; 4'-ethoxy-
acetanilide; para-ethoxyacetanilide; N-para-ethoxyphenylacetamide; paraceto-
phenetidin; para-phenacetin; phenacetine; phenacitin; phenazetin

Trade names: Achrocidin; Anapac; APC; ASA Compound; Bromo Seltzer;
Buff-A-comp; Citra-Fort; Clistanol; Codempiral; Commotional; Contradol: Contra-
douleur; Coricidin; Coriforte; Coryban-D; Daprisal; Darvon Compound; Dasikon:
Dasin; Dasin CH; Dolostop; Dolviran; Edrisal; Empiral; Empirin Compound:;
Emprazil; Emprazil-C; Epragen; Fenacetina; Fenedina; Fenidina; Fenina:

Fiorinal; Fortacyl; Gelonida; Gewodin; Helvagit; Hjorton’s powder; Hocophen:
Kafa; Kalmin; Malex; Melabon; Melaforte; Norgesic; Pamprin; Paramette;
Paratodol; Percobarb; Percodan; Pertonal; Phenacet; Phenacetinum; Phenacon:
Phenalgin; Phenaphen; Phenaphen Plus; Phenazetina; Phenedina; Phenidin: Phenin;
Phenodyne; Pyrroxate; Quadronal; Reformin; Robaxisal-PH; Salgydal; Sanalgine;
Saridon; Seranex; Sinedal; Sinubid; Sinutab; Sinutab I1; Soma; Stellacyl; Super
Anahist; Supralgin; Synalogos; Synalgos-DC; Tacol; Terracydin; Tetracydin;
Thephorin A-C; Treupel; Veganine; Viden; Wigraine; Xaril; Zactirin Compound -
100
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1.2 Structural and molecular formulae and molecular weight

Il

O—CH,CH,
C,oH,3NO, Mol. wt: 179.2
1.3 Chemical and physical properties of the pure substance
From Wade (1977) or Windholz (1976), unless otherwise specified

(a) Description: White, glistening, crystalline scales or fine, white, crystalline

powder with a slightly bitter taste

(b) Melting-point: 134-137°C

(c) Spectroscopy data: Amax 250 nm (in ethanol) (US Pharmacopeial Conven-
tion, Inc., 1970); 285 nm (in chloroform and isooctane) (National Formulary

Board, 1970)
(d) Solubility: Slightly soluble in water {1 in 1,300): solublie in boiling-water

(1 in 82), ethanol (1 in 15), chloroform (1 in 14) and diethyl ether (1 in 90):

slightly soluble in glycerol
fe) Stability: Unstable to oxidizing agents, iodine and nitrating agents

1.4 Technical products and impurities

Various national and international pharmacopoeias give specifications for the purity
of phenacetin in pharmaceutical products. For example, phenacetin is available in the
US as a USP grade containing 98-101% active ingredient on a dried basis and a maximum of
0.03% para-chloroacetanilide (US Pharmacopeial Convention, Inc., 1970). In the European
Pharmacopoeia (Council of Europe, 1969) specifications, sulphated ash is limited to 0.1%.

It is available in 300 mg doses as tablets containing 94-106% of the stated amount of
phenacetin (US Pharmacopeial Convention Inc., 1970) and is also available in the US as
tablets containing 150 mg phenacetin in combination with 230 mg aspirin and 15 or 30 mg
caffeine, or with 230 mg aspirin, 30 mg caffeine, and 8, 15, 30 or 60 mg codeine phosphate
and containing 90-110% of the stated amount of phenacetin (National Formulary Board,
1970). Phenacetin was omitted from the 19th edition of the US Pharmacopeia but was
reinstated in the 20th edition.
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In the UK, phenacetin was available as such in 250 and 300 mg doses as tablets or in
combination with caffeine and also in a mixture containing 300 mg phenacetin and 50 mg
caffeine citrate per 10 ml solution (Wade, 1977).

In Japan, phenacetin is available in 300 and 500 mg doses as a powder.

2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

The original method used in 1887 to prepare phenacetin involved coupling of
phenetole with a diazonium salt and reduction and acetylation to give phenacetin. The
probable method for its commercial production is condensation of the sodium salt of
para-nitrophenol with ethyl bromide to produce para-nitrophenetole, which, on reduc-
tion, is converted to para-phenetidine; this is acetylated to phenacetin (Swinyard, 1975).

Phenacetin has been produced commercially in the US for over 60 years. In 1978,
two US companies produced an undisclosed amount (see preamble, p. 21). US imports
of phenacetin through principal US customs districts were 67,000 mg in 1972. These in-
creased to 282, 000 kg in 1978 (US International Trade Commission, 1979).

Phenacetin is believed to be produced by one company in France, with an annual out-
put of 100,000-500,000 kg, and by 3 producers in the Federal Republic of Germany,
which produce over 500 thousand kg yearly. Most other countries in western Europe
import 10,000-50,000 kg from these producers.

Phenacetin was first produced in Japan in 1935. In 1978, one company manufactured
290,000 kg, and 63,000 kg were imported; production and imports have been stable at
about these levels in recent years.

(b) Use

Phenacetin is used as an analgesic and antipyretic drug. It is used alone, or in com-
bination with aspirin and caffeine, for mild to moderate pain associated with the musculo-
skeletal system. The usual dose is 300 mg taken 4-6 times per day to a total of no more
than 2.4 g per day (Goodman & Gilman, 1975; Swinyard, 1975). Since April 1964, the US
Food & Drug Administration (1978) has required that all preparations containing
phenacetin must bear a warning about possible kidney damage.
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Phenacetin is used in human medicine in Japan and Europe as an analgesic and anti-
pyretic, for treatment of such conditions as headache, neuritis, rheumatic pain and tooth-
ache. It is given either alone or in combination with aspirin, caffeine or codeine in tab-
lets (Wade, 1977).

Phenacetin was withdrawn from use in Canada in 1978 (WHO, 1978) and will be
banned in the UK in March 1980 (Anon., 1980) because of the reported association
between long-term use of phenacetin and nephropathy. Several other countries are in the
process of reviewing the status of phenacetin (WHO, 1979).

In Japan, the Ministry of Health and Welfare has issued a warning that prolonged use
of large dosages of phenacetin may cause cancer (Anon., 1977; lyakuhin Yoran, 1979).

Phenacetin is used in veterinary medicine as an analgesic and antipyretic agent
(Windholz, 1976).

2.2 Occurrence
Phenacetin is not known to occur in nature.
2.3 Analysis
Typical methods for the analysis of phenacetin in various matrices are summarized in

Table 1. Abbreviations used are: S, spectrometry; UV, ultra-violet spectrometry; GC/FID
gas chromatography with flame-ionization detection.



Table 1. Analytical methods for phenacetin

Sample matrix Sample preparation Assay Sensitivity or Reference
procedure limit of detection
Plasma Mix with para-bromoacetanilide as inter- GC/FID 0.1 mg/I Evans & Harbison, 1977

nal standard; extract with diethyl ether;
evaporate; dissolve in ethyl| acetate .
evaporate in rotary vacuum centrifuge;
dissolve in trimethylanilinium hydroxide
in methanol

Plasma and urine Dilute with aqueous sodium hydroxide; uv not given Duggin & Mudge, 1976
add benzene and isoamyl alcohol ; cen-
trifuge; add hydrochloric acid;
evaporate; dissolve in 1-propanol

Serum and urine Extract with diethyl ether; wash with uv not given Wallace et a/., 1973
sodium hydroxide; filter; evaporate;
add hydrochloric acid, n-hexane, tert-
butanol and cobalt (111} oxide; reflux;
extract solvent layer with sodium
hydroxide

Tissue Homogenize; add sodium hydroxide. uv not given Wallace et a/., 1973
carry out the steps described above for
serum and urine

Extract with isoamyl! alcohol and ben- S not given Maddock et al., 1977
zene; evaporate; add hydrochloric acid ;

heat ; diazotize with sodium nitrite; add

a-naphthol in ethanol and sodium

hydroxide; extract with isoamyl alcohol

and benzene; add trichloroacetic acid and

methylene chloride

NI130VN3Hd

6€l
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals’
{a) Oral administration

Rat: A group of 30 BD | and BD 111 rats, 100 days of age (sex unspecified), received
40-50 mg/animal phenacetin daily in the diet (average total dose, 22 g). One rat died after
a total dose of 10 g and was found to have an osteochondroma. The mean age at death
was 770 days, compared with 750 days in an unspecified number of controls. No tumours
related to treatment were observed (Schmahl & Reiter, 1954).

Female Sprague-Dawley rats were given 0 or 0.535% phenacetin in pelleted diet for
86 or 110 weeks. In the 86-week study, epithelial hyperplasia of renal papillae was found
in 2/24 controls and in 21/38 treated animals (Johansson & Angervall, 1976a). In the 110-
week study, the following changes were observed: urothelial hyperplasia of renal papillae
in 26, dilatation of vasa recta in 28, and epithelial hyperplasia in 1. In addition,
carcinomas of the mammary gland (5/30) and ear duct (4/30; P>0.05) were found in the
treated group. In the control group, uroepithelial hyperplasia was found in 5 animals,

dilatation of vasarecta in 8 and a mammary carcinoma in 1 animal (Johansson & Angervall,
1976b).

1Preliminary experiments have been reported in letters to the Editor of Science (Johansson &
Angervall, 1979; Macklin et a/., 1979). They are not quoted here, since insufficient details were given.

Subsequent to the meeting of the Working Group, the Secretariat was made aware of a study by
Macklin & Szot (1980) in which 6 groups of 40 male and 40 female 4-week-old C57BL/6 mice were fed
powder diets containing aspirin, phenacetin and caffeine, singly or in combination, for 75-80 weeks.
Group 1 received 696 mg/kg bw/day aspirin-phenacetin-caffeine; Group 2, 693 mg/kg bw/day aspirin-
phenacetin; Group 3, 321 mg/kg bw/day phenacetin-caffeine; Group 4, 754 mg/kg bw/day phenacetin;
Group 5, 268 mg/kg bw/day phenacetin; and Group 6 received none of the compounds and served as
controls. Intercurrent mortality in males and females combined was 18, 2, 10, 9, 5 and 17 in the 6 groups,
respectively. Two males and 2 females from each group were killed after 6, 18, 33, 45 and 58 weeks of
treatment, and all surviving animals were killed at the end of their treatment. Tissues from liver, kidney,
spleen, heart, brain and urinary bladder and any abnormal lesions were removed at autopsy; only sections
of bladder and kidney were examined histologically. One male mouse that received aspirin plus phena-
cetin developed a renal-cell carcinoma and one female on the same diet developed a hepatocellular car-
cinoma. No such tumours occurred in controls. [The limited duration of the experiment and the limited
extent of histological examination were noted.]

" The Working Group was also aware of a study in progress to assess the carcinogenicity of phena-
cetin in mice by oral administration (IARC, 1979).
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Two groups of 50 male and 50 female 9-week-old Sprague-Dawley rats were fed, res-
pectively, with 1.256% or 2.5% phenacetin (Japan Pharmacopeia grade) in pelleted diet
for 18 months and fed thereafter with basal diet for 6 months; 65 male and 65 female
control animals were fed basal diet. Among animals surviving for 24 months or dying
within 24 months with tumour(s), neoplasms were detected in 26/27 males and 21/27
females fed 2.5%, in 20/22 males and 19/25 females fed 1.25% and in 1/19 males and
6/25 females of the control group. Tumours (benign and malignant) of the nasal cavity
were found in 16/27 males and 7/27 females fed 2.5% and in 16/22 males and 6/25 fe-
males fed 1.256%. Malignant tumours of the urinary tract were detected in 13/27 males
and 4/27 females fed the high dose and in 1/22 males and 0/25 females fed the low dose;
2 papillomas were found in females given the high dose. No nasal cavity or urinary-tract
tumours were seen in controls (Isaka et a/., 1979).

(b) Oral administration in a mixture

Mouse: A mixture of aspirin, phenacetin and caffeine (50:46:4) was incorporated
into powdered diet at concentrations of 0, 0.7, or 1.4% and given to groups of 50 male and
50 female B6C3F1 mice (age not specified) for up to 78 weeks: observation continued
for an additional 16 weeeks. Tumours were found in the lung, haematopoietic system and
liver, with no significant difference between the treated and nontreated groups (National
Cancer Institute, 1978).

Rat: A mixture of aspirin, phenacetin and caffeine (50:46:4) was incorporated into
powdered diet at concentrations of 0, 0.7 or 1.4% and given to groups of 50 male and 50
female Fischer 344 rats (age not specified) for up to 78 weeks; observation continued for
an additional 34-35 weeks. In male rats, adenomas and carcinomas of the pituitary gland
were found in 18/47 (38%) fed 0.7% and in 12/44 (27%) fed 1.4%, versus 8/47 (17%) in
the control group. In female rats, a transitional-cell carcinoma of the urinary bladder and a
tubularcell adenocarcinoma of the kidney were found in the low-dose group; and a
transitional-cell carcinoma of the bladder and a transitional-cell papilloma of the kidney
were observed in the high-dose group. In male rats fed the low dgse, 1 tubular-cell adeno-
carcinoma of the kidney was observed. Three females treated with the high dose showed
renal medullary necrosis, in 2 cases associated with hyperplasia of transitional-cell epi-
thelium of the pelvis. Urinary bladder epithelial hyperplasia was seen in 1 male con-
trol and in 1 male treated with the high dose (National Cancer Institute, 1978).

(c) Other experimental systems
Administration in conjunction with a known carcinogen: Twenty male Wistar rats

were given 2.5% phenacetin in stock diet for 30 weeks, followed by 6 weeks on control
diet, at which point the experiment was terminated. Two groups of 30 and 28 male Wistar

141
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rats were given the phenacetin diet after they had received N-nitrosobutyl-/\V-
(4-hydroxybutyl)amine (BBN) as a 0.05% or 0.01% solution in drinking-water for 4 weeks.
Two further groups of 27 and 23 males were given only 0.05% or 0.01% BBN in drinking-
water. Simple and papillary or nodular hyperplasia of the urinary bladder epithelium were
found, respectively, in 11/20 (55%) and 4/20 (20%) rats given phenacetin only. Papillomas
of the urinary bladder were observed .in 26/30 rats fed 0.05% BBN plus phenacetin versus
8/27 in rats fed 0.05% BBN alone. Carcinomas of the urinary bladder occurred in 14/30
animals fed 0.05% BBN plus phenacetin versus 4/27 in rats fed 0.05% BBN alone. Both
papillomas and carcinomas also developed in 7/28 and 1/28 rats fed 0.01% BBN plus
phenacetin, while only papillomas developed in 3/23 fed 0.01% BBN alone (Nakanishi et
al., 1978). [Attention is drawn to the short duration of this experiment and the lack of
untreated controls.]

(d) Carcinogenicity of metabolites

Rat:  Groups of 20-24 male albino rats (strain unspecified) were fed synthetic
N-hydroxyphenacetin, a metabolite of phenacetin, as a 0.05, 0.1 or 0.5% supplement in
finely-ground diet. The animals were killed at between 30 and 73 weeks after the
beginning of treatment. In the 3 groups, 9/20, 7/20 and 9/24 rats, respectively, died
without tumours before the 45th, 45th and 38th week, when the first tumours were found
at autopsy. Hepatocellular carcinomas were found in 8/11, 13/13 and 15/15 animals, res-
pectively, that were alive when the first tumour was detected. Of rats fed 0.1%, 1/13 had
a renal carcinoma with metastases to the liver, lung and bone marrow. No tumours were
found in 15 control rats (Calder et a/., 1976).

3.2 Other relevant biological data
fa) Experimental systems
Toxic effects

The single oral LD,, of phenacetin in male Wistar rats is about 4 g/kg bw (Boyd &
Hottenroth, 1968) and that in guinea-pigs 2.6 g/kg bw (Boyd & Carro-Ciampi, 1970).

Papillary necrosis of the kidney was produced in Wistar rats fed a mixture of aspirin
(210 mg/kg bw/day), phenacetin (210 mg/kg bw/day) and caffeine (80 mg/kg bw/day), but
not in rats receiving 500 mg/kg bw/day phenacetin alone (Saker & Kincaid-Smith, 1969).
In homozygous Gunn rats genetically lacking glucuronyl transferase, a single oral dose
of 6.4-12.54 mmol/kg bw phenacetin gave rise to renal papillary necrosis (Axelsen, 1976).
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Phenacetin has only a weak nephrotoxic effect on its own, but readily induces renal
papillary necrosis when given in mixtures with other analgesics (Molland, 1978). It poten-
tiates the effect of caffeine on the central nervous system (Collins et a/., 1977).

When an intragastric dose of 2 g/kg bw phenacetin was given in 5 divided doses per
week to 25 male rats for up to 220 days, 80% of the rats were sterile at 176 days (Boyd,
1971).

N-Hydroxyphenacetin, a metabolite of phenacetin, was nephrotoxic in female Wistar
rats following single i.v. injections of 1 mmol/kg bw of the synthetic compound (Calder
etal., 1973).

Prenatal toxicity

When phenacetin-treated female rats were exposed to males, a decreased incidence of
pregnancy was seen. Reduced fetal weight was found with oral doses of 600-1200 mg/kg
bw per day phenacetin given from day O to day 20 of gestation. No increase in defect
rate but some retardation in skeletal growth and an increase in supernumerary ribs
occurred with doses of 150 mg/kg bw and over (Baethke & Muller, 1965).

Absorption, distribution, excretion and metabolism

The metabolism of phenacetin in rats has been compared with that of other struc-
turally-related compounds (Smith & Griffiths, 1976a). Metabolic pathways for phenacetin
involve de-ethylation, N-deacetylation and ring hydroxylation. The main route is oxida-
tive de-ethylation, giving rise to N-acetyl-para-aminophenol, which is excreted in the urine
as the sulphate or as the glucuronide (Dubach & Raaflaub, 1969). In rats, rabbits, guinea-
pigs and ferrets given 125 mg/kg bw by oral intubation or mixed with food, 63, 57, 81 and
47% of the dose, respectively, were excreted as N-acetyl-para-aminophenol (free or con-
jugated). Metabolism by the second pathway, N-deacetylation, was greatest in rats (21% of
the dose) and least in guinea-pigs and rabbits (7 and 4% of the dose) (Smith & Timbrell,
1974). The para-phenetidine resulting from N-deacetylation can be converted to 2-
hydroxy-para-phenetidine, which in rats is excreted as the sulphate in increasing amounts
with increasing doses of phenacetin (Dubach & Raaflaub, 1969).

Other metabolites that have been found in the urine of rats, guinea-pigs and rabbits are
2-hydroxyphenacetin and 3-[(5-acetamido-2-hydroxypheny!)thio] alanine (Smith & Timbrell,
1974). Another thiomethyl metabolite, 3-methylthio-4-hydroxyacetanilide, representing
1-3% of the administered dose, has been identified in the urine of dogs (Klutch et a/., 1978);
the 2-hydroxyacetophenetidine glucuronide conjugate has been found in the urine of dogs
and cats given phenacetin orally (Klutch et a/., 1966). In rats and dogs given 200 mg/kg bw



144 IARC MONOGRAPHS VOLUME 24

phenacetin, 1% of the total dose was excreted as 4-acetaminophenoxyacetic acid in the
urine of rats, and 0.13% in dogs (Dittmann & Renner, 1977). Intestinal microflora in rats
have been shown to deconjugate the metabolite N-acetyl-para-aminophenyl glucuronide,
excreted partly in bile, to the N-acetyl-para-amino-phenol (Smith & Griffiths, 1976b).

It has been reported that a reactive metabolite of phenacetin is generated by cyto-
chrome P-450 in hamster liver microsomes (Hinson et a/., 1977). Evidence that phenacetin
is N-hydroxylated by a cytochrome P-450 monooxygenase-catalysed reaction has been
obtained /n vitro with hamster and rabbit liver microsomes (Hinson & Mitchell, 1976;
Fischbach et a/., 1977). No N-hydroxyphenacetin was found when phenacetin metabolism
was investigated in isolated rat hepatocytes (McLean, 1978). Following oral administration
of 100 mg/kg bw phenacetin to dogs, 0.3-1.3% N-hydroxyphenacetin was found in the
urine (Klutch & Bordun, 1968). N-Hydroxyphenacetin reacts with methionine under acid
conditions or after esterification /n vitro to give 4-hydroxy-3-methylthioacetanilide (Calder
et al., 1974), which has also been found as a urinary metabolite of phenacetin in dogs
(Focella et a/., 1972; Klutch et al., 1978).

Using rat liver preparations, Mulder et a/. (1977) demonstrated the formation of
N-O-glucuronide and N-O-sulphate conjugates of N-hydroxyphenacetin. Both compounds
led to products bound covalently to protein at pH 7.4, but the glucuronide conjugate did
so at a slower rate than the sulphate.

In rats treated with 3-methylcholanthrene or benzo[a] pyrene or exposed to cigarette
smoke, there was an increased rate of O-de-ethylation of phenacetin to N-acetyl-para-amino-
phenol in lung and intestine (Welch et a/., 1972; Kuntzman et a/., 1977). The stimulatory
effects of other enzyme inducers and of dietary constituents on intestinal metabolism of
phenacetin have been studied in rats (Pantuck et a/., 1975, 1976).

Phenacetin can be N-nitrosated in vitro to form an unstable N-nitroso compound, N-
nitroso-2-nitro-4-ethoxyacetanilide (Eisenbrand & Preussmann, 1975).

Mutagenicity and other, related short-term tests

Phenacetin was not mutagenic in several bacterial systems in the presence or absence
of rat or mouse liver microsome preparations; the systems included a repair test in
Bacillus subtilis (Tanooka, 1977) and reverse mutations in Salmonella typhimurium
TA1535, TA1637, TA98 and TA100 (Shudo et al., 1978; King et al., 1979), Escherichia
coli K 12/343/113 (King et al., 1979), and B. subtilis TKJ 5211 (Tanooka, 1977). Positive
bacterial mutagenicity results have, however, been obtained by Bartsch et a/. (1980) and by
Matsushima et a/. (1980) in S. typhimurium TA100 in the presence of hamster, but not
rat, liver post-mitochondrial supernatant from Aroclor-treated animals.
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Phenacetin was negative in an intrasanguineous host-mediated assay with E. coli K 12
in NMRI mice given 2 mmol/kg intraperitoneally. It induced neither an increased frequency
of sex-linked recessive lethals in Drosophila melanogaster nor an enhanced number of micro-
nucleated erythrocytes in the bone marrow of NMRI mice given 2x 5 mmol/kg bw intra-
peritoneally (Kingetal., 1979).

Phenacetin produced a borderline positive result in an /n vitro chromosome aberration
test in Chinese hamster fibroblasts; gaps were observed in 8.8% of the metaphases of treated
cells as compared with 1% in controls (Ishidate & Odashima, 1977). However, when com-
bined with a rat liver metabolic activation system, the compound induced breaks, rings and
translocations in up to 51% of the metaphases (Matsuoka et a/., 1979).

N-Hydroxyphenacetin, a metabolite of phenacetin, was mutagenic for S. typhimurium
TA100 when activated by rat liver S-9 (Shudo et a/., 1978).

(b) Humans

Phenacetin is a mild analgesic and antipyretic (Goodman & Gilman, 1975).

Toxic effects

Prescott (1975) has reviewed the toxic effects of phenacetin in humans. Although
phenacetin has been linked with nephrotoxicity in heavy users of analgesic mixtures con-
taining it, there is no conclusive evidence that phenacetin itself is the causal agent (Prescott,
1979); there is, however, no evidence from long-term users of phenacetin alone. Acute
hepatic necrosis has been reported after overdosage with N-acetyl-para-aminophenol
(paracetamol), a major metabolite of phenacetin (Davidson & Eastham, 1966; Thomson &
Prescott, 1966; Proudfoot & Wright, 1970; Prescott et a/., 1971; Clark et a/., 1973); this
condition has become an increasing problem in many countries (Prescott, 1979).

A group of 623 women known to ingest phenacetin-containing analgesics regularly
were compared over a 4-year period with a group of 621 controls. High intake of such
analgesics was associated with increased serum creatinine levels and low urine specific
gravity, suggesting renal damage (Dubach et a/., 1975).

Methaemoglobinaemia and haemolytic anaemia have occurred in subjects ingesting
phenacetin. Methaemoglobinaemia has been associated with the formation of increased
amounts of 2-hydroxyphenetidine (Shahidi, 1967; Shahidi & Hemaidan, 1969; Goodman
& Gilman, 1975); this phenomenon has been associated with an impaired ability to O-
de-ethylate phenacetin, a metabolic reaction known to exhibit genetic polymorphism
(Evans, 1977; Sloan et a/., 1978).
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Prenatal toxicity

In a survey of ingestion of phenacetin or paracetamol among approximately 10,000
pregnant women, 19 of the 911 mothers who delivered infants with congenital defects
had taken these drugs; this was a reduction from the 31 expected on the basis of control
data. No data on doses were available (Crombie et a/., 1970).

Heinonen et al. (1977) identified 5546 women who used phenacetin during the first
4 lunar months of pregnancy; no increase in the congenital malformation rate was ob-
served in their children.

Absorption, distribution, excretion and metabolism

After 2 subjects were given an oral dose of 8.3 mg/kg bw (500 mg) !“4C-phenacetin,
the major proportion of the dose (74 and 70%, respectively) was excreted in the urine
within 24 hours as N-acetyl-para-aminophenol, either conjugated (~ 67%) or free (~ 3%).
Small amounts of 2-hydroxyphenacetin, 3[(5-acetamido-2-hydroxypheny|)thio] alanine and
unchanged phenacetin were also found (Smith & Timbrell, 1974). In three male volunteers
given 2 g phenacetin orally, about 2% of the dose was found to be excreted as S-(1-acet-
amido-4-hydroxyphenyl)cysteine in the urine (Jagenburg & Toczko, 1964).

Other metabolites have been detected in the urine in more recent studies. 3-Methyil-
thio-4-hydroxyacetanilide represented 0.13-0.72% of an administered dose of 1000-1800 mg
phenacetin (Klutch et a/., 1978). 4-Acetaminophenoxyacetic acid represented 0.04%
of 3 ingested doses of 500 mg phenacetin (Dittmann & Renner, 1977). Following a single
oral dose of 420 mg phenacetin, no N-hydroxyphenacetin could be detected in urine;
however, after a dose of 1.8 g/day for 4 days to a different subject, 0.8% N-hydroxy-
phenacetin was found in urine after 24 hours and 0.7% after 96 hours (Klutch & Bordun,
1968). Excretion of N-hydroxyphenacetin was also reported by Belman et a/. (1968)
after doses of 900 mg. [The formation of N-hydroxyphenacetin thus appears to be a dose-
dependent phenomenon.]

Urinary excretion of 2-hydroxyphenetidin and N-acetyl-para-aminophenol, and of their
conjugates, was decreased when phenacetin was ingested in combination with aspirin,
caffeine and codeine (Gault et al., 1972).

In cigarette smokers, there is a higher ratio of N-acetyl-para-aminophenol:phenacetin
in the plasma than in corresponding controls (Pantuck et a/., 1974).
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The effect of dietary constituents on the metabolism of phenacetin was studied in 9
normal volunteers fed a diet containing charcoal-broiled beef for 4 days prior to the
administration of phenacetin (900 mg). Plasma levels of phenacetin were markedly lower
than in subjects given their customary home diet or a control hospital diet, and the ratio of
N-acetyl-para-aminophenol:phenacetin was higher, suggesting enhancement of phenacetin
metabolism in the gastrointestinal tract and/or during its first pass through the liver
(Conney et al., 1976).

No data on the mutagenicity of phenacetin in humans were available.
3.3 Case reports and epidemiological studies of carcinogenicity in humans

Analgesic nephropathy is the term given to chronic interstitial nephritis (often with
renal papillary necrosis) occurring in people consuming large amounts of analgesics, usually
defined as at least 1 g of an analgesic per day for more than 1 year or at least 1 kg alto-
gether. Although in some cases such levels are used appropriately for chronic pain, use of
such amounts of analgesics is often termed ‘analgesic abuse’. In some cases, patients have
reported taking only one drug; but, more commonly, mixtures of analgesics have been
taken. While the nephrotoxic effects were originally attributed to phenacetin, formerly a
component common to the abused analgesic mixtures, there is now debate over which
one or more of the components is mainly responsible (see, for example, Nanra et a/., 1978).

Renal pelvic carcinoma was first associated with renal papillary necrosis in 6 patients,
5 of whom were abusers of analgesics containing phenacetin (Hultengren et a/.,. 1965).
Many further cases of this association have been reported (Adam et a/., 1970; Grob, 1971;
Hoybye & Nielsen, 1971; Johansson et al., 1974; Liu et al/., 1972; Nordenfelt, 1972;
Giiller & Dubach, 1973; Storey et a/., 1977). The association of analgesic abuse and renal
pelvic cancer without renal papillary necrosis has also been described, although these cases
appear to be less common (Johansson et a/., 1974; Landmann-Kolbert et a/., 1975; Rathert
et al., 1975; Moshakis & Hooper, 1978). In a series of 62 patients with renal pelvic cancer
who abused mixtures of phenacetin, phenazone and caffeine, it was estimated that indivi-
duals had consumed from 1.5 to 27 kg (average, 9.1 kg) of phenacetin starting, on average,
22 years before appearance of the tumour (Johansson et a/., 1974).

Tumours of the ureter and bladder have also been reported in patients with analgesic
nephropathy and a history of analgesic abuse (Angervall et a/., 1969; Begley et a/., 1970,
Mannion & Susmano, 1971; Taylor, 1972; Johansson et a/., 1974; Rathert et a/., 1975;
Johansson & Wahlqvist, 1977; Guller & Dubach, 1973; Mahony et a/., 1977; Storey et
al., 1977; Tosi & Morin, 1977). In one series of 46 patients, it was estimated that, on
average, patients had consumed 7.1 kg phenacetin and use had begun 30 years before
appearance of the tumour (Johansson & Wahlqvist, 1977).
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Several studies have documented the prevalence of analgesic abuse, with or without
renal papillary necrosis, in series of patients with urinary tract tumours. Of all (28) pa-
tients admitted with renal pelvic carcinoma to a Swedish hospital between 1960 and 1967,
13 (46%) had been analgesic abusers. The mean age of the analgesic abusers was 56 years,
compared with 67 years in the other patients (P<0.001) (Bengtsson et a/., 1968). In
another hospital series, of all (15) patients admitted with renal pelvic tumours between
1960 and 1968 in Jonkoping, Sweden, 10 and possibly 2 more had abused phenacetin-
containing analgesics; renal papillary necrosis was noted in 10. Nine had worked in a small-
arms factory where, for many years, analgesic abuse had been common. Among workers in
this factory the incidence of renal pelvic tumours [56/100,000 per year on the basis of the
9 cases] was over 100 times that in Sweden as a whole [0.5/100,000 per year] or in the
remaining inhabitants of the same hospital catchment area [0.6/100,000 per year]. The
authors noted that no other clusters of such tumours had been reported from similar fac-
tories (Angervall et a/., 1969). [Nonetheless, the possible effect of occupational exposures
cannot be excluded.]

Juusela (1973) identified all patients with renal pelvic carcinoma admitted to a Finnish
hospital. Three (18%) of the 17 patients with such tumours had abused phenacetin-con-
taining analgesics (more than 4 doses daily for more than10 years), and 2 more (12%) had
taken lesser amounts. In another hospital series, from Australia (Mahony et a/., 1977), 14
(54%) of 26 consecutively admitted patients with renal pelvic carcinoma and 1 of 5 patients
with ureteral tumours had abused analgesics (more than 2 kg total consumption). Twelve of
the patients with carcinomas of the renal pelvis had renal papillary necrosis, 4 had renal
papillary sclerosis and 11 (42%) also had tumours elsewhere in the urothelium. The patient
with a ureteral tumour also had renal papillary necrosis and a bladder tumour. The cancer
patients with renal papillary necrosis were, on average, 7 years younger than those without.
In a Swiss autopsy study (Leistenschneider & Ehmann, 1973), 8 (47%) of 17 patients with
renal pelvic cancer had been heavy abusers of analgesics. It was noted that, in comparison
with earlier periods in which analgesic abuse had been less common, the prevalence of these
tumours at autopsy had increased, the proportion of females with renal pelvic cancer had
increased, and the mean age at onset had decreased.

[In all of these studies, it was presumed that the proportion of analgesic abusers
among cancer patients was higher than would have been expected from the prevalence of
analgesic abuse in the relevant general population. In none, however, was a control series
available for comparison.]

In some series of patients with renal pelvic cancer, the prevalence of analgesic abuse has
been compared with that in patients with other tumours of the urothelium. In an
Australian series, Taylor (1972) reported a history of analgesic abuse in 7 (54%) of 13
patients with renal pelvic carcinoma, but in only 2 (7%) of 30 with carcinoma of the renal
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body, in none of 2 with carcinoma of the ureter and in 2 (1%) of 144 with carcinoma of the
bladder. In a German autopsy study (Bock & Hogrefe, 1972), a history of analgesic abuse
was noted in 1 (3%) of 31 cases of carcinoma of the renal pelvis, in none of 5 cases of
carcinoma of the ureter and in 2 (2%) of 106 cases of carcinoma of the bladder. In a similar
Swiss study (Kung, 1976), 4 (27%) of 15 patients with renal pelvic carcinoma were analgesic
abusers compared with 5 (2%) of 269 with carcinoma of the renal body and 11 {(5%) of 218
with bladder cancer.

In a case-control study of renal cancer in England, involving control subjects in the
same hospital without urinary-tract tumours, 15 (14.2%) of 106 patients with cancer of the
renal body had used analgesic tablets daily for 6 months or more, compared with 2 (1.9%,
P<0.05) of 106 matched controls. There was no significant difference, however, in anal-
gesic use between patients with renal pelvic cancer (none out of 33 cases had used anal-
gesics daily for 6 months or more) and their controls (3 users out of 33} (Armstrong
et al., 1976). None of the patients or controls had analgesic nephropathy, but this condi-
tion is rare in Britain, and the lowest rates are found in the areas in which this study was
done (Murray, 1978). [An excess of analgesic abusers among patients with carcinoma of the
renal body was not apparent in 2 other studies (Taylor, 1972; King, 1976), and this
tumour has not been reported in follow-up studies of analgesic abusers (see below).]

Cancer of the bladder was the primary focus of 2 other case-control studies. In a
Swiss study of 69 patients with epithelial tumours of the urinary tract (Landmann-Kolbert
et al., 1975), history of analgesic abuse was investigated both by history and by testing the
urine for a phenacetin metabolite. Twelve (17.4%; 1 with renal pelvic cancer and 11 with
bladder cancer) had abused phenacetin-containing drugs, compared with 5 (7.2%) of 69
patients with nonurological tumours. This difference was not statistically significant.
Among 1084 patients with bladder cancer in The Netherlands (Fokkens, 1979), 18 (1.7%)
reported ‘more than incidental’ intake of phenacetin-containing analgesic mixtures, whereas
16 (1.5%) of 1094 age- and sex-matched controls gave a similar history (relative risk, 1.1;
not statistically significant). When the groups were divided into those taking 2 kg or more
of phenacetin and those taking less, cancer patients were more likely to have abused anal-
gesics than controls (relative risk, 4; P = 0.02). [The division of the groups at 2 kg was
chosen to maximize the difference. Division at the more conventional level of 1 kg gives
a relative risk of 1.7, which is not statistically significant.]

Two series of patients who abused analgesics have been followed up for development
of urinary-tract tumours. Of a group of 242 patients admitted to a Swedish hospital with
chronic nonobstructive pyelonephritis, 104 analgesic abusers and 88 nonabusers were
followed up for 1-11 years (average, 5.3 years). Eight (8%) abusers (7 with renal papillary
necrosis) but no nonabusers developed renal pelvic tumours (Bengtsson et a/., 1968;
Bengtsson & Angervall, 1970). Of 110 patients with analgesic nephropathy identified in
2 Australian hospitals (Taylor, 1972), 7 (6.4%) developed renal pelvic cancer. Similar
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tumours occurred in 4 (0.7%) of 597 patients with ‘chronic inflammatory damage of the
kidneys not associated with analgesic abuse’, a 9-fold difference in relative frequency. [The
patients with ‘nonanalgesic’ chronic renal disease were not matched in any way to the
patients with analgesic nephropathy, and possibly confounding variables were not docu-
mented or controlled in the analyses. It is doubtful, however, whether these deficiencies
could account for effects of the magnitude observed.]

[All, or nearly all, of these studies involved analgesic mixtures containing phenacetin.
In assigning responsibility for any putative carcinogenic effect, however, phenacetin cannot
be separated from the other drugs (variously, aspirin or phenazone, caffeine or codeine
and occasionally additional drugs) with which it was invariably associated. It may also be
noted that most of the studies that suggested a carcinogenic effect were conducted in
Sweden and Australia; studies from some other countries have been less suggestive of such
an effect. These differences have been taken by some to indicate bias in the Swedish and
Australian studies. While this is possible, the apparent inconsistencies might also be ex-
plained by differences in the prevalence of analgesic abuse, the composition of the anal-
gesics used, or some other factor (Gault & Wilson, 1978; Murray, 1978; Murray &
Goldberg, 1978).]

4. Summary of Data Reported and Evaluation

4.1 Experimental data

Phenacetin alone was tested in three studies in rats by oral administration and in com-
bination with aspirin and caffeine in one study in mice and in one in rats by oral administra-
tion. In one study in rats, phenacetin alone induced benign and malignant tumours of the
urinary tract and of the nasal cavity in males. When given in combination with aspirin and
caffeine to rats or mice, no significant association was found between the administration
of the mixture and the incidence of tumours. Phenacetin alone enhanced the urinary
bladder carcinogenesis of N-nitrosobutyl-N-(4-hydroxybutyl)amine in rats.

Phenacetin is mutagenic to Sa/monella typhimurium in the presence of a hamster
liver microsome preparation, and it produces chromosome aberrations in Chinese hamster
fibroblasts /n vitro. No mutagenic effects were detected in Drosophila melanogaster or in
mice /n vivo, or in bacterial test systems when rat or mouse liver microsome preparations
were used.

No teratogenic effects were found in rats, although embryotoxicity was observed.
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N-Hydroxyphenacetin, a minor metabolite of phenacetin in humans, was tested by
oral administration in male rats: it induced hepatocellular carcinomas.

N-Hydroxyphenacetin is mutagenic to Sa/monella typhimurium in the presence of a
rat liver microsome preparation.

4.2 Human data

Phenacetin is used extensively as a mild analgesic. Its use in certain countries has
been restricted.

There are many case reports of renal pelvic cancer associated with abuse of analgesic
mixtures containing phenacetin. In addition, an increased incidence of renal pelvic cancer
has been reported in a population with a high prevalence of analgesic abuse; analgesic
abuse has been reported to be more common in patients with renal pelvic cancer than in
those with other urinary-tract neoplasms; and in one small follow-up study, renal pelvic
cancer developed nine times more frequently in patients with analgesic nephropathy than in
those with other chronic renal disease. One small case-control study showed no evidence of
the association, although the prevalence of prior analgesic abuse was very low. Cases of
other urinary-tract tumours have also been reported in association with analgesic abuse,
but analytical studies have been inconclusive.

Two studies of pregnant women exposed to phenacetin alone or in combination with
other drugs failed to find evidence of an increased rate of malformations in the offspring.

4.3 Evaluation

There is /imited evidence! that phenacetin and N-hydroxyphenacetin, a metabolite,
are carcinogenic in experimental animals.

There is /imited evidence! that abuse of analgesic mixtures containing phenacetin
causes cancer of the renal pelvis in humans. It is not possible to specify what component(s)
of the analgesic mixtures may be responsible for this effect. There is insufficient evidence
to link analgesic abuse with other tumours of the human urinary tract.

1See preamble, p. 18.
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PHENAZOPYRIDINE and PHENAZOPYRIDINE HYDROCHLORIDE

1. Chemical and Physical Data

PHENAZOPYRIDINE

1.1

Synonyms and trade names

Chem. Abstr. Services Reg. No.: 94-78-0

'~ Chem. Abstr. Name: 2,6-Pyridinediamine, 3-(phenylazo)-

1.2

1.3

14

base.

IUPAC Systematic Name: 2,6-Diamino-3-(phenylazo)pyridine
Synonym: 3-(Phenylazo)-2,6-pyridinediamine
Trade names: Gastracid; Gastrotest

Structural and molecular formulae and molecular weight

C,.H; ;N Mol. wt: 213.2
Chemical and physical properties of the pure substance
Melting-point: 139°C (Windholz, 1976)

Technical products and impurities

163

There are no technical products or pharmaceutical preparations containing the free
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PHENAZOPYRIDINE HYDROCHLORIDE

1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 136-40-3
Chem. Abstr. Name: 2,6-Pyridinediamine, 3-(phenylazo)-, monohydrochloride
IUPAC Systematic Name: 2,6-Diamino-3-(phenylazo)pyridine monohydrochloride

Synonyms: 2,6-Diamino-3-phenylazopyridine hydrochloride; PAP; phenazopyri-
dinium chloride; phenylazodiaminopyridine HCI; 8-phenylazo-o;a’-diamino-
pyridine hydrochloride; 3-phenylazo-2,6-diaminopyridine hydrochloride; phenyl-
azopyridine HCI

Trade names: Azodine; Azodium; Azodyne; Azo Gastanol; Azo Gantrisin; Azo-
Mandelamine; Azo-Standard; Azo-Stat; Azotrex; Azodyne; Baridium; Bisteril;
Cystamine ‘McClung’; Cystopyrin; Cystural; Di-Azo; Diridone; Dolonil;

Eucistin; Giracid; Mallophene; Mallofeen; NC 150; Nefrecil; Phenazo;
Phenazodine; Phenylazo; Phenyl-ldium; Phenyl-ldium 200; Pirid; Piridacil;
Pyrazodine; Pyrazofen; Pyredal; Pyridacil; Pyridenal; Pyridene; Pyridiate;
Pyridium; Pyridivite; Pyripyridium; Pyrizin; Sedural; Sulodyne; Thiosulfil-A Forte:
Urazium; Uridinal; Uriplex; Urobiotic - 250; Urodine; Urofeen; Uromide:
Urophenyl; Uropyridin; Uropyrine; Utostan; Vestin; W 1655

1.2 Structural and molecular formulae and molecular weight

C, H,,CIN, Mol. wt: 249.7
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1.3 Chemical and physical properties of the pure substance
From Wade (1977) or Windholz (1976)

fa) Description: Brick-red microcrystals with slight violet lustre

(b) Melting-point: 235°C (dec.) :

(c) Spectroscopy data: N\, (in methanol) 238 nm, A(1%, 1cm) = 437; 279 nm,
A(1%, 1cm) = 188; and 402 nm, A (1%, 1cm) = 951 (Kracmar & Kracmarova,
1978)

(d) Solubility: Slightly soluble in cold water (1 in 300) and ethanol; soluble in
boiling-water {1 in 20), acetic acid, glycerol (1 in 100) and ethylene and

propylene glycols; insoluble in acetone, benzene, chloroform, diethy! ether and
toluene

1.4 Technical products and impurities

Commercial phenazopyridine hydrochloride may contain some §,8"-bis(phenylazo)-
oo’ -diaminopyridine (Windholz, 1976). It is available in the US as a NF grade containing
99.0-101.0% active ingredient on a dried basis. Loss on drying should not exceed 1%;
residue on ignition not exceed 0.2%; and water insoluble substances not exceed 0.1%.
A test for heavy metals (not to exceed 0.002%) is also included. It is available in 100 and
200 mg doses as tablets containing 95.0-105.0% of the stated amount of phenazopyridine
hydrochloride (National Formulary Board, 1975).

2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

Phenazopyridine hydrochloride was first synthesized by Eisenberg and by
Chichibabin and Zeide in 1914 (Wander & Pascoe, 1965; Windholz, 1976). The free base
can be synthesized by diazotizing aniline with sodium nitrite and excess hydrochloric
acid and coupling the product with 2,6-diaminopyridine (Shreve et a/., 1943). It is not
known whether this is the method used for commercial production.

Although commercial production of the free base has not been reported in the US,
it is undoubtedly produced as an unisolated intermediate in the production of the hydro-
chloride. The first commercial production of the hydrochloride in the US was reported in
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1944 (US Tariff Commission, 1946). In 1979 only two US companies reported commercial
production of an undisclosed amount (see preamble, p. 21). Annual production in the US
and Canada is believed to be in the order of 10-50 thousand kg each. US imports through
principal US customs districts in 1978 were 450 kg of the free base and 7000 kg of the
hydrochloride (US International Trade Commission, 1979).

The only two major producers of phenazopyridine and phenazopyridine hydrochloride
in western Europe are in ltaly and Switzerland. Since 1948, Switzerland has produced fess
than 1000 kg of the free base and 10,000-50,000 kg of the hydrochloride yearly. Italy
produces about 1000-10,000 kg of phenazopyridine hydrochloride yearly.

Phenazopyridine hydrochloride is not produced commercially in Japan. Small
amounts are imported: 200 kg in 1976 and 300 kg in 1977.

{b) Use

Phenazopyridine hydrochloride is used as an analgesic and antiseptic in the manage-
ment of genitourinary-tract infections. Its local effect may be an anaesthetic action. The
usual oral dosage for aduits is 200 mg, 3 times daily; the dosage for children is 12 mg/kg
bw daily divided into 3 doses (Goodman & Gilman, 1975; Harvey, 1975; Wade, 1977). In
Japan, phenazopyridine hydrochloride is used as a urinary antiseptic in a dose of 300 mg
daily.

Phenazopyridine hydrochloride is most often given in combination with sulfonamides
and antibiotics (Goodman & Gilman, 1975; Harvey, 1975).

2.2 Occurrence

Phenazopyridine and phenazopyridine hydrochloride are not known to occur in
nature.

2.3 Analysis

Typical methods for the analysis of phenazopyridine hydrochloride are summarized in
Table 1. Abbreviations used are: HPLC/UV, high-performance liquid chromatography with
ultra-violet spectrometry; UV, ultra-violet spectrometry.
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Table 1. Analytical methods for phenazopyridine hydrochloride

Sample matrix Sample preparation Assay procedure Limit of Reference
detection
Solution Dissolve in alcohol :sulphuric acid uv not given National Formulary

Board (1975)

Formulation Dissolve in methanol HPLC/UV not given Umagat et a/.
(1979)

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

3.1 Carcinogenicity studies in animals
{a) Oral administration

Mouse: Groups of 35 male and 35 female 7-week-old B6C3F 1 mice received 0, 600 or
1200 mg/kg diet phenazopyridine hydrochloride (96.5% pure) for 80 weeks. The treated
animals were fed test diets on 5 days per week and control diet on 2 days per week. A con-
trol group consisted of 15 female and 15 male mice. All surviving animals were killed at
105-107 weeks. The combined incidences of hepatocellular adenomas and carcinomas in
control, low- and high-dose groups were as follows: males: 5/15, 15/35 and 15/33;
females, 2/15, 11/34, 19/32 (P = 0.003 for females given the high dose). There were no
significant differences in the incidences of tumours at other sites between treated and
control mice (National Cancer Institute, 1978).

Rat: Groups of 35 male and 35 female 6-week-old Fischer 344 rats received 0, 3700
or 7500 mg/kg diet phenazopyridine hydrochloride (96.5% pure) for 78 weeks. The treated
animals were fed test diets on 5 days per week and control diet on 2 days per week. A con-
trol group consisted of 15 female and 15 male rats. All surviving animals were killed at
104-105 weeks. The combined incidences of adenomas, adenocarcinomas and sarcomas of
the colon and rectum in control, low- and high-dose groups were as follows: males, 0/14,
5/34 and 10/35; females, 0/14, 3/33 and 6/32. There were no significant differences in
the incidences of tumours at other sites between treated and control rats (National Cancer
Institute, 1978).
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(b) Intraperitoneal administration

Mouse: Groups of 10 male and 10 female 6-8-week old A/He mice were given
weekly i.p. injections of phenazopyridine hydrochloride for 24 weeks, at total doses of
0.310, 0.775 or 1.550 g/kg bw in steriod suspending vehicle. Survivors were killed at 24
weeks. The combined numbers of male and female mice that developed lung tumours were
6/20, 3/18 and 6/18 (0.40, 0.22 and 0.50 lung tumours per mouse) in the 3 groups, res-
pectively. In a vehicle-control group, there were 14/58 lung-tumour bearing animals (0.24
lung tumours per mouse) (Stoner et a/., 1973). [Attention is drawn to the limitations of
negative results obtained with this test system.]

3.2 Other relevant biological data
(a) Experimental systems

Toxic effects

In rats, the i.p. LD, of phenazopyridine hydrochloride is about 270 mg/kg bw,
while that of the base is 520 mg/kg bw (Walton & Lawson, 1934). In mice, the i.p. LDg,
of phenazopyridine has been reported to be 600 mg/kg bw (Burba, 1967).

Absorption, distribution, excretion and metabolism

Following oral administration of 150 mg/kg bw phenazopyridine hydrochloride to
rabbits, approximately 85% of the administered dose was eliminated in the urine during
the first 12 hrs. Aniline, para-aminophenol (as 50% of the dose), N-acetyl-para-amino-
phenol, ortho-aminophenol (as traces), 2,3,6-triaminopyridine and phenazopyridine
appeared in the urine (Johnson & Chartrand, 1976). 2,3,6-Triaminopyridine is more acutely
toxic than is phenazopyridine (Burba, 1967).

In addition to reductive metabolism, phenazopyridine also undergoes oxidative
metabolism: in the urine of rats treated with 50 mg/kg bw phenazopyridine, 2,6-diamino-3-
[{4-hydroxyphenyl)azo] pyridine and 2,6-diamino-3-[(2-hydroxyphenyl)azo] pyridine have
been detected (Pitré & Maffei-Facino, 1977).

No data on the prenatal toxicity or mutagenicity of either compound were available.

(b) Humans

Phenazopyridine hydrochloride is an analgesic with a local anaesthetic action
(Goodman & Gilman, 1975).
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Toxic effects

Toxic signs which occur in humans given large doses of phenazopyridine hydrochloride
include methaemoglobinaemia, Heinz-body formation, haemolytic anaemia, renal failure,
hepatic enlargement, jaundice and hypersensitivity hepatitis (Crawford et a/., 1951; Sand
& Edelmann, 1961; Gabor et a/., 1964; Greenberg & Wong, 1964; Wander & Pascoe,
1965; Hood & Toth, 1966; Bloch & Porter, 1969; Alano & Webster, 1970; Cohen &
Bovasso, 1971; Goldfinger & Marx, 1972). Renal failure with acute tubular necrosis were

reported in a 13-year-old girl following ingestion of 2 g in a suicide attempt (Feinfeld et al.,
1978).

Absorption, distribution, excretion and metabolism

After an oral dose of 600 mg phenazopyridine hydrochloride, about 80% is eliminated
in the urine within 24 hours: 41-45% appears as conjugated phenazopyridine, 24-27% as
para-aminophenol, 18-20% as conjugated N-acetyl-para-aminophenol, 7-8% as aniline and
traces of ortho-aminophenol and 2,3,6-triaminopyridine (Johnson & Burba, 1965; Johnson
& Chartrand, 1976).

No data on the prenatal toxicity or mutagenicity in humans of either compound were
available.

3.3 Case reports and epidemiological studies of carcinogenicity in humans

In a hypothesis-seeking study involving determination of the incidence of all forms of
cancer in relation to drug exposure in 143, 574 individuals, no significant excess of any
cancer was observed in 2214 subjects who had received phenazopyridine hydrochloride.
Follow-up was for a minimum of 3 years (Friedman & Ury, 1980). [About 10,000 person-
years of follow-up would have been accumulated by subjects given phenazopyridine
hydrochloride. Data on the age and sex distributions of the exposed subjects and the doses
and durations of use of the drug were not given.]

4. Summary of Data Reported and Evaluation
4.1 Experimental data
Phenazopyridine hydrochloride was tested in mice and rats by oral administration and
in mice by intraperitoneal administration. After its oral administration in female mice, it

significantly increased the incidence of hepatocellular adenomas and carcinomas. In male
and female rats, it induced tumours of the colon and rectum.
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Attention is drawn to the absence of studies on the mutagenicity or teratogenicity of
this compound.

4.2 Human data

Phenazopyridine hydrochloride is a weak urinary-tract analgesic and is possibly
antiseptic.

In one epidemiological study, involving a limited period of observation, no association
was observed between use of phenazopyridine hydrochloride and any cancer.

4.3 Evaluation

There is sufficient evidence! for the carcinogenicity of phenazopyridine hydrochloride
in experimental animals. The available epidemiological data are insufficient to evaluate the
carcinogenicity of phenazopyridine hydrochloride to humans. In the absence of adequate
data in humans, phenazopyridine hydrochloride should be regarded, for practical pur-
poses, as if it presented a carcinogenic risk to humans.

1See preambile, p. 18.
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PHENELZINE and PHENELZINE SULPHATE

1. Chemical and Physical Data
PHENELZINE
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 51-71-8
Chem. Abstr. Name: Hydrazine, (2-phenylethyl)-
IUPAC Systematic Name: Phenethylhydrazine

Synonyms: 1-Hydrazino-2-phenylethane; phenalzine; phenylethylhydrazine;
2-phenylethylhydrazine; §-phenylethylhydrazine

Trade names: Phenodyn; W-1544-A; W1544

1.2 Structural and molecular formulae and molecular weight

@—CH,—CH,—NH—NH,

CgH,,N, Mol. wt: 136.2
1.3 Chemical and physical properties of the pure substance
From Windholz (1976)
fa) Description: Liquid

(b) Boiling-point: 74°C at 13 Pa
{c) Refractive index: n 20" 1.5494



176 IARC MONOGRAPHS VOLUME 24
1.4 Technical products and impurities

There are no technical products or pharmaceutical preparations containing the free
base, which is used only in the preparation of the hydrochloride and sulphate salts.

PHENELZINE SULPHATE

1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 156-51-4
Chem. Abstr. Name: Hydrazine, (2-phenylethyl)-, sulfate (1:1)
IUPAC Systematic Name: Phenethylhydrazine sulfate (1 1)

Synonyms: 1-Hydrazino-2-phenylethane hydrogen sulphate; phenalzine dihydrogen
sulphate; phenalzine hydrogen sulphate; phenethylhydrazine sulphate; phenyl-
ethylhydrazine dihydrogen sulphate; 2-phenylethylhydrazine dihydrogen sulphate;
B-phenylethylhydrazine dihydrogen sulphate; 2-phenylethylhydrazine hydrogen
sulphate; B-phenylethylhydrazine hydrogen sulphate; phenylethylhydrazine sulphate;
2-phenylethylhydrazine sulphate; g-phenylethylhydrazine sulphate

Trade names: Alazin; Estinerval; Fenelzin; Fenelzine; Kalgan; Mao-rem; Monofen;
Nardelzine; Nardil; Phenelzine Bisulphate; Phenodyn;: Stinerval

1.2 Structural and molecular formulae and molecular weight

[@—CH,CH,— NHNH,] .H, S0,

CgH,,N,.H,SO, Mol. wt: 234.3
1.3 Chemical and physical properties of the pure substance
From Wade (1977) or Windholz (1976), unless otherwise specified

(a) Description: White powder with a pungent odour and a characteristic taste
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(b) Melting-point: 164-168°C

fc) Spectroscopy data: Npax (50% ethanol) 258 nm, A(1%, 1cm) =8.0. Infrared,

nuclear magnetic and mass spectral data have been tabulated (Daly, 1973).
(d) Solubility: Soluble in water (1in 7); practically insoluble in ethanol; insoluble

in chloroform and diethyl ether
(e) Stability: Sensitive to oxidation, light and temperature

1.4 Technical products and impurities

Various national and international pharmacopoeias give specifications for the purity
of phenelzine in pharmaceutical products. For example, phenelzine sulphate is available
in the US as a NF grade containing 97.0-100.5% active ingredient on a dried basis. The loss
on drying should not exceed 1%; the limit for heavy metals is 0.002%; the melting-point
range is 164-168°C; and the pH (1 in 100) should be between 1.4-1.9. It is available as
tablets containing 95.0-105.0% of the stated amount as the free base, the equivalent of
15 mg phenelzine (National Formulary Board, 1975). Pharmaceutical preparations in the
United Kingdom are the same as for the US (Wade, 1977).

2. Production, Use, Occurrence and Analysis
2.1 Production and use
(a) Production

The first synthesis of phenelzine was reported by Votocek and Leminger in 1932
(Windholz, 1976). It was synthezised by the reaction of hydrazine hydrate with phenethyl
bromide, by Biel in 1961 (Daly, 1973). In another synthesis route, phenethyl alcohol is
treated with thionyl chloride to give phenethyl chloride, which is then reacted with hydra-
zine hydrate in isopropanol to yield phenelzine hydrochloride. The hydrochioride is
treated with alkali to liberate the free base, which is then neutralized with sulphuric acid
to form phenelzine sulphate (Swinyard, 1975). It is not known whether this is the
method used for commercial production.

One company in the US is believed to produce an undisclosed amount of this
chemical (see preamble, p. 21). US imports of phenelzine sulphate through the principal
US customs districts amounted to 450 kg in 1978 (US International Trade Commission,
1979): no data on its exports are available.
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One company in Italy, which produced 700 kg in 1978, is believed to be the only
producer of phenelzine sulphate in western Europe. There is no evidence that phenelzine
sulphate has ever been produced in Japan.

(b) Use

Phenelzine sulphate is amonoamine oxidase inhibitor used, sometimes in combination
with other drugs, in moderate to severe depressive states in adults and in certain phobic-
anxiety states. It is given in a daily dose of 3045 mg during the first week, adjusted to 15-
75 mg after the first two weeks (Goodman & Gilman, 1975; Swinyard, 1975; Wade, 1977).

2.2 Occurrence

Phenelzine and phenelzine sulphate are not known to occur in nature.

2.3 Analysis

A review has been published giving several analytical methods for the determination
of phenelzine sulphate in bulk or tablet form based on spectrophotometric methods,
polarography, titrimetry, and gas and thin-layer chromatography (Daly, 1973).

Typical methods for the analysis of phenelzine or phenelzine sulphate in biological
matrices are summarized in Table 1. Abbreviations used are: GC/FID, gas chromato-
graphy with flame-ionization detection: GC/ ECD, gas-liquid chromatography with electron
capture detection.
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Table 1. Analytical methods for phenelzine sulphate

_ Assay Limit of
Sample matrix Sample preparation procedure detection Reference
Plasma and whole Extract with benzene-ethyl GCECD 0.1 ug/ Cooper et al., 1978
blood acetate mixture; back-
{analysis of extract with sulphuric acid;
phenelzine in re-extract with benzene
patients given containing an internal
phenelzine standard and triethyl-
sulphate) amine; form hepta-
fluorobutyric deriva-
tive; add water;
neutralize with
ammonium hydroxide
Urine Add 50% sulphuric acid GC/FID 0.05 mg/| Caddy & Stead,
{oxidation of and diethy! ether; add do- 1977
pheneizine decan-1-01, diethyl
sulphate to ether and potassium io-
2-phenyl- date solution; concen-
ethanol) trate organic layer with
stream of air
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals
Oral administration

Mouse: A group of 50 male and 50 female random-bred Swiss mice, 6 weeks of
age, were given 0.015% phenelzine sulphate in the drinking-water for lifetime. An un-
treated group of 100 females and 100 males served as controls. Of the treated females,
28/50 developed 69 lung tumours: 23 had 44 adenomas, 5 had 18 adenomas plus 7
adenocarcinomas. Their average age at death was 77 weeks; the first tumour was observed
at the 48th week and the last at the 98th week of age. Of the untreated females, 21/100
developed 31 lung tumours: 17 had 23 adenomas, 3 had 5 adenocarcinomas, and 1 had an
adenoma and 2 adenocarcinomas. Their average age at death was 95 weeks; the first
tumour occurred at the 60th week and the last at the 122nd week of age. Of the treated
males, 18/560 developed 30 neoplasms of the lung: 15 had 17 adenomas, 2 had 9 adenomas
and 3 adenocarcinomas, and 1 mouse had an adenocarcinoma. Their average age at death
was 78 weeks; the first tumour was found at the 42nd week and the last at the 101st
week of age. Of the untreated males, 23/100 developed 35 lung tumours: 10 had 12
adenomas, 8 had 11 adenocarcinomas, and 5 had 6 adenomas and 6 adenocarcinomas.
Their average age at death was 92 weeks; the first tumour was found at the 53rd week and
the last at the 125th week of age. Blood vessel tumours developed at various sites in 22 of
the treated females: 4 mice had angiomas and 18 had angiosarcomas. The average age at
death was 83 weeks; the first tumour was found at 69 weeks and the last at 98 weeks of
age. Of untreated females, 5 developed vascular tumours. Of the treated males, 4
developed angiosarcomas. The average age at death was 50 weeks; the first tumour was
observed at the 14th week and the last at the 91st week of age. Of untreated males, 6
developed blood vessel tumours (Toth & Shimizu, 1974; Toth, 1976; Toth & Nagel,
1976).

3.2 Other relevant biological data
fa) Experimental systems
Toxic effects
The oral, i.v. and i.p. LD, , ‘s of phenelzine in mice are 160, 160 and 135 mg/kg bw,

respectively (Barnes & Eltherington, 1964; Lapin & Samsonova, 1969). The oral LD
rats is 210 mg/kg bw (Barnes & Eitherington, 1964).

so IN
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Prenatal toxicity

When mice were given 25 mg/kg bw per day phenelzine suiphate by s.c. injection
during the first 6 days of gestation, implantation was partially suppressed (Poulson &
Robson, 1964).

Absorption, distribution, excretion and metabolism

Following i.p. injection of 2.5 mg/kg bw phenelzine-1-1*C sulphate to rats, 62% of
the dose was recovered in the urine within 24 hours. The major excretion product was
phenylacetic acid (Clineschmidt & Horita, 1969), which is also a metabolite of phenelzine
in mice (Leverett et a/., 1960). The first enzyme involved in this elimination process is
monoamine oxidase (Clineschmidt & Horita, 1969).

Mutagenicity and other, related short-term tests

Phenelzine sulphate was mutagenic for Sa/monella typhimurium TA100 in the
absence of metabolic activation by rat liver homogenate (Shimizu et a/., 1978). Phenelzine
sulphate exhibits reactivity towards DNA, as evidenced by positive results in the po/
AT/A test in Escherichia coli (Rosenkranz & Carr, 1971) and by the inactivation of
Bacillus subtilis transforming DNA (Freese et a/., 1968).

{b) Humans
Phenelzine sulphate is a monoamine oxidase inhibitor (Goodman & Gilman, 1975).

Toxic effects

Numerous acute toxic reactions to phenelzine sulphate can occur, including agitation,
hallucinations, hyperreflexia, hyperpyrexia and convulsions. Both hypotension and hyper-
tension have been reported. Chronic toxicity may involve the liver, central nervous system
and cardiovascular system (orthostatic hypotension) (Goodman & Gilman, 1975).

Absorption, distribution, excretion and metabolism

Phenelzine is readily absorbed from the gastrointestinal tract. There is little excretion
in the urine (Wade, 1977). The mean apparent half-life, estimated from urinary excretion
data in patients who received oral doses of 30 mg thrice daily, was 0.87 hours following
the initial dose and 3.11 hours after 13 days of treatment (Caddy et a/., 1978).
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No data on the prenatal toxicity or mutagenicity in humans of either compound were
available.

3.3 Case reports and epidemiological studies of carcinogenicity in humans

A 64-year old woman who developed angiosarcoma of the liver had taken phenelzine
sulphate (15 to 45 mg daily) for at least 6 years before onset of the disease. Diazepam (5
to 10 mg occasionally) was the only other medication reported. There was no history of
exposure to thorium dioxide, arsenic or vinyl chioride, which are known or suspected to

cause angiosarcoma of the liver in humans. The patient also had multiple angiosarcomas in
the peritoneum and an osteolytic lesion in the right humerus (Daneshmend et al., 1979).

4. Summary of Data Reported and Evaluation

4.1 Experimental data

Phenelzine sulphate was tested in mice by oral administration: it significantly in-
creased the incidence of lung and blood vessel tumours in females.

Phenelzine sulphate is mutagenic in bacteria.
Phenelzine sulphate has been shown to be embryotoxic in mice.
4.2 Human data

Phenelzine sulphate is a monoamine oxidase inhibitor with limited use in the treat-
ment of depressive states.

The single case report of angiosarcoma in a woman taking phenelzine sulphate
provides insufficient evidence to assess the carcinogenicity of this compound in humans.

4.3 Evaluation

There is /imited evidence! that phenelzine sulphate is carcinogenic in experimental
animals. In view of the evidence in experimental animals, the mutagenicity of phenelzine
sulphate and a single case report of angiosarcoma of the liver in a patient taking phenelzine
sulphate, further studies on the carcinogenicity of this compound are warranted.

1See preamble, p. 18.
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PHENOXYBENZAMINE and PHENOXYBENZAMINE HYDROCHLORIDE

These substances were considered by a previous working group, in April, 1975 (IARC,
1975). 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

PHENOXYBENZAMINE
1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 59-96-1

Chem. Abstr. Name: Benzenemethanamine, N-(2-chloroethyl)-N-(1-methyl-2-phenoxy-
ethyl)-

IUPAC Systematic Name: N-(2-Chloroethyl)-N-(1-methyl-2-phenoxyethyl)-benzyl-
amine

Synonyms:  2-(N-Benzyl-2-chloroethylamino)-1-phenoxypropane; benzyl(2;ch|oro-
ethyl)-(1-methyl-2-phenoxyethyl)amine; N-phenoxyisopropyl-N-benzyl-g-chloroethyl-
amine

Trade name: Bensylyte

1.2 Structural and molecular formulae and molecular weight

CH,
(O)-oomin
/

NCH,CH,CI

C,¢H,,CINO Mol. wt: 303.8
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1.3 Chemical and physical properties of the pure substance
From Windholz (1976)
(a) Description: Crystals (from petroleum ether)
{b) Melting-point: 38-40°C
fc) Solubility: Soluble in benzene
1.4 Technical products and impurities
Phenoxybenzamine is available only as the hydrochloride.
PHENOXYBENZAMINE HYDROCHLORIDE

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 63-92-3

Chem. Abstr. Name: Benzenemethanamine, N-(2-chloroethyl)-N-(1-methyl-2-phenoxy-

ethyl)-, hydrochloride

IUPAC Systematic Name: N-(2-Chloroethyl)-N-(1-methyl-2-phenoxyethyl)benzyl-

amine hydrochloride

Synonyms: 2-(N-Benzyl-2-chloroethylamino)-1-phenoxypropane hydrochloride;

benzyl(2-chioroethyl) (1-methyl-2-phenoxyethyl)amine hydrochloride; phenoxy-
benzamine HCI; N-phenoxyisopropyl-N-benzyi-B-chloroethylamine hydrochloride

Trade names: Bensylyt NEN; Benzylyt; Blocadren; Dibenylin; Dibenyline; Di-
benzylene; Dibenzyline; Dibenzyran; Fenoxybenzamin; SKF 688A

1.2 Structural and molecular formulae and molecular weight

g
Qoo
/NCH,CH,CI . HCI

C,sH,,CI,NO Mol. wt: 340.3
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1.3 Chemical and physical properties of the pure substance
From Wade (1977)

(a) Description: White, odourless, almost tasteless crystalline powder

(b) Melting-point: 137.5-140°C

{c) Spectroscopy data: Amax (in chloroform) 272 nm, A(1%, 1cm) =56.3; 279 nm,
A(1%, 1cm) = 46.1

(d) Solubility: Sparingly soluble in water; soluble in ethanol {1 in 9), chloroform
(1 in 9) and propylene glycol; insoluble in diethyl| ether

fe) Stability: Neutral and alkaline solutions are unstable; sensitive to oxidation and

photodegradation
1.4 Technical products and impurities

Phenoxybenzamine hydrochloride is available in the US as a NF grade containing
98.0-101.0% active ingredient calculated on the dried basis. It is also available in 10 mg cap-
sules containing 90.0-110.0% of the labelled amount of phenoxybenzamine hydrochloride
(National Formulary Board, 1975).

The British Pharmacopoeia specifies a purity of not less than 98.5% and gives a thin-
layer chromatography test to limit the presence of related substances. The loss on drying
should not exceed 0.5% and the sulphated ash not more than 0.1% (British Pharmacopoeia
Commission, 1973).

2. Production, Use, Occurrence and Analysis
2.1 Production and use
(a) Production
Phenoxybenzamine can be prepared by the treatment of 2-phenoxy-1-methyl ethanol
with thionyl chloride to yield 2-phenoxy-1-methyl-1-chloroethane, which is treated with
ethanolamine. The reaction product is then alkylated with benzyl chloride to produce the

N-benzyl derivative. Subsequent treatment with thionyl! chioride yields phenoxybenzamine
hydrochloride, which can be neutralized to produce the free base (Kerwin & Ullyot, 1954).
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Phenoxybenzamine hydrochloride has been produced by a single company in the US
since 1953, in an undisclosed amount (see preamble, p. 21). Phenoxybenzamine hydro-
chloride is believed to be produced by a single company in Italy. It is not produced in
Japan.

(b) Use

Phenoxybenzamine hydrochloride is an a-adrenergic receptor blocking agent with
prolonged action. It is used in the treatment of peripheral vascular disorders such as
Raynaud’s disease, acrocyanosis, frostbite sequelae, acute arterial occlusion and other
conditions with vasospasm, and in phlebitis, phlebothrombosis, diabetic gangrene, causalgia
and chronic skin ulcers. It is also used to control hypertension caused by phaeochromo-
cytoma and has been given intravenously in the treatment of shock. In chronic treatment,
dosage may vary from 10 to 200 mg/day (Goodman & Gilman, 1975; Harvey, 1975).

2.2 Occurrence

Phenoxybenzamine and phenoxybenzamine hydrochloride are not known to occur in
nature.

2.3 Analysis

Phenoxybenzamine can be determined by thin-layer chromatography using a solvent
system of heptane, chloroform and methanol (Masuoka et al., 1967). The phenoxy-
benzamine hydrochloride content of a chloroform solution can be determined by ultra-
violet spectrometry (US Pharmacopeial Convention, Inc., 1975).
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals
Intraperitoneal administration

Mouse: Three groups of 10 male and 10 female A/He mice, 6-8 weeks old, were given
4 i.p. injections (injection interval not specified) of phenoxybenzamine (free base) dissolved
in tricaprylin to give total doses of 40, 100 or 200 mg/kg bw. Twenty-four weeks after the
first injection, the 20, 14 and 7 survivors in the 3 groups, respectively, were killed, and 9,
9 and 3 had lung tumours, with averages of 0.45, 0.79 and 0.71 tumours per mouse. As
controls, 80 mice of each sex received 24 weekly injections of tricaprylin; of the 77 male
and 77 female survivors in each group, lung tumours were found in 28% of males (average,
0.24 tumours/mouse) and 20% of females (average, 0.20 tumours/mouse) (Stoner et al.,
1973). [The difference in incidence of lung tumours between treated and control mice was
statistically significant at the low (P<(0.05) and medium (P<0.01) dose levels. The short
duration of the test may have precluded the observation of tumours at sites other than the
lung.]

Groups of 35 male and 35 female B6C3F, mice, 6-8 weeks old at the start of the
experiment, received 12.5 or 25 mg/kg bw phenoxybenzamine hydrochloride 3 times a
week, in phosphate-buffered saline containing 0.056% polysorbate 80 for the first 10 weeks
and then in 6% propylene glycol in saline for an additional 42 weeks (1 mi/100 g bw). Due
to the death of all high-dose male mice, treatment lasted only 50 weeks in this group. A
group of 14 male and 16 female mice and one of 15 males and 15 females were kept as un-
treated and vehicle-treated controls, respectively. All surviving mice were killed at 83-85
weeks. In the high-dose group, 17/21 males (P<0.001) and 16/20 females (P<<0.001)
developed abdominal cavity (peritoneal) sarcomas. No such tumours were found in the
low-dose group (0/30 males, 0/33 females) or in the controls. There was no significant
difference in the incidence of other types of tumours among treated and control mice
(National Cancer Institute, 1978).

Rat: Groups of 35 male and 35 female Sprague-Dawley rats, 5-6 weeks old at the start
of treatment, received 5 or 10 mg/kg bw phenoxybenzamine hydrochloride 3 times a week,
in phosphate-buffered saline for the first week, in phosphate-buffered saline containing
0.05% polysorbate 80 for 13 weeks and then in 6% propylene glycol in saline for an ad-
ditional 37 weeks (0.25 mi/100 g bw). Two groups of 10 male and 10 female rats each



190 IARC MONOGRAPHS VOLUME 24

were kept as untreated and vehicle-treated controls. The experiment was terminated at 82-
85 weeks. The incidence of abdominal cavity (peritoneal) sarcomas was 16/20 in males
and 16/30 in females in the high-dose group (P<0.001 and 0.004), and 11/31 in males
(P = 0.027) and 0/35 in females in the low-dose group. No such tumours were found in the
control groups. There was no significant difference in the incidence of other types of
tumours among treated and control rats (National Cancer Institute, 1978).

3.2 Other relevant biological data
fa) Experimental systems

Toxic effects

The oral LD, of phenoxybenzamine hydrochloride in rats is 2500 mg/kg bw and that
for guinea-pigs 500 mg/kg bw (Barnes & Eltherington, 1965).

Prenatal toxicity

No decrease in implantation rate was found in rats fed 10 mg/kg bw daily on the first
5 days of gestation (Saksena & Gokhale, 1972) or given an i.p. dose of 20 mg/kg bw
phenoxybenzamine hydrochloride on days 2-5 (Sethi & Chaudhury, 1970).

Absorption, distribution, excretion and metabolism

After i.v. injection into mice of 0.54 mg, 14 C-phenoxybenzamine hydrochloride
remained in blood for 40 minutes. Radioactive material was widely distributed in the
tissues (notably the heart and central nervous system), and persisted for 4 days. Biliary
excretion was an important route of elimination (Masuoka et a/., 1967).

After oral or i.p. administration of ! 5 N-labelled phenoxybenzamine hydrochloride to
rats (20 mg/kg bw) and after oral administration to dogs (10 mg/kg bw), the following
urinary metabolites were identified: N-benzy|-N-(para-hydroxyphenoxyisopropyl)amine
was found to be the major metabolite in both species; N-benzy|-N-phenoxyisopropylamine
was a minor metabolite in dogs and was also observed in small amounts in rats, only after
i.p. injection; and phenoxyisopropylamine was found to be a metabolite in dogs. 2-

Benzylamino-1-propanol was found in rat urine after i.p. but not after oral dosing (Knapp et
al., 1976).
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Mutagenicity and other, related short-term tests

It was reported in an abstract that phenoxybenzamine increased the number of micro-
nucleated erythrocytes in mouse bone marrow (Molina et a/., 1978).

(b) Humans

Phenoxybenzamine hydrochloride blocks a-adrenergic receptors with actions on the
peripheral vascular system (Goodman & Gilman, 1975).

Toxic effects

Side effects reported in persons taking phenoxybenzamine include postural hypo-
tension with dizziness, compensatory tachycardia, nasal stuffiness, inhibition of ejaculation,
nausea and vomiting, miosis and lassitude (Goodman & Gilman, 1975; Roberts &
Breckenridge, 1975).

Metabolism

N-Benzy!|-N-(para-hydroxyphenoxyisopropyl)amine was identified in the urine of two

patients treated orally with 10 mg/day phenoxybenzamine hydrochloride (Knabp et al.,
1976).

No data on the prenatal toxicity or mutagenicity of phenoxybenzamine in humans
were available.

3.3 Case reports and epidemiological studies of carcinogenicity in humans

No data were available to the Working Group.

4. Summary of Data Reported-and Evaluation

4.1 Experimental data

Phenoxybenzamine was tested intraperitoneally in mice; it produced an increased
incidence of lung tumours.

Phenoxybenzamine hydrochloride was tested intraperitoneally in mice and rats; it
produced local peritoneal sarcomas in animals of both sexes.
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Attention is drawn to the absence of adequate studies on the mutagenicity or terato-
genicity of phenoxybenzamine or its hydrochloride.

4.2 Human data

Phenoxybenzamine hydrochloride has limited use as an a-adrenergic receptor blocking
agent.

No case reports or epidemiological studies were available to the Working Group.
4.3 Evaluation

There is sufficient evidence' that phenoxybenzamine hydrochioride is carcinogenic in
experimental animals by intraperitoneal administration. No data on humans were available.

! See preamble, p. 18.
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PROFLAVINE, PROFLAVINE DIHYDROCHLORIDE, PROFLAVINE
HEMISULPHATE and PROFLAVINE MONOHYDROCHLORIDE

1. Chemical and Physical Data

PROFLAVINE

1.1

1.2

1.3

Synonyms and trade names
Chem. Abstr. Services Reg. No.: 92-62-6
Chem. Abstr. and IUPAC Systematic Name: 3,6-Acridinediamine

Synonyms: 2,8-Diaminoacridinium; 3,6-diaminoacridinium; 3,7-diamino-5-aza-
anthracene; proflavin

Trade names: Isoflav base; Profoliol; Profoliol-B; Proformiphen; Profundol;
Profura; Progarmed; Pro-Gen; Progesic

Structural and molecular formulae and molecular weight

90e
H,N N7 NH,

C,3H, N, Mol. wt: 209.3
Chemical and physical properties of the pure substance
From Weast (1977)
fa) Description: Yellow needles from water or ethanol

(b) Melting-point: 284-286°C
fc) Solubility: Soluble in boiling-water and ethanol



196 IARC MONOGRAPHS VOLUME 24
1.4 Technical products and impurities

There are no technical products or pharmaceutical preparations containing the free
base, which is used as an intermediate in the preparation of the dihydrochloride, hemisul-
phate and monohydrochloride salts.
PROFLAVINE DIHYDROCHLORIDE
1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 531-73-7

Chem. Abstr. and IUPAC Systematic Name: 3,6-Acridinediamine, dihydrochloride

Synonyms: 3,6-Diaminoacridine dihydrochloride; 2,8-diaminoacridinium chloride
hydrochloride; 3,6-diaminoacridinium chloride hydrochloride; proflavin dihydro-
chloride

1.2 Structural and molecular formulae and molecular weight

H,NNH, o

C,3H;N;.2HCI Mol. wt: 282.2
1.3 Chemical and physical properties of the pure substance

From Windholz (1976)

fa) Description: The dihydrate is an orange-red to brown-red crystalline powder
(b) Solubility: Soluble in water (1 in 10 w/v); very slightly soluble in diethyl

ether, chloroform and liquid petroleum
fc) Stability: Sensitive to oxidation and light



PROFLAVINE and its salts 197

1.4 Technical products and impurities

There are no technical products or pharmaceutical preparations containing pro-
flavine dihydrochloride.

PROFLAVINE HEMISULPHATE

1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 1811-28-5
Chem. Abstr. Name: 3,6-Acridinediamine, sulfate (2:1)
IUPAC Systematic Name: 3,6-Acridinediamine sulfate

Synonyms: 3,6-Acridinediamine sulphate; 3,6-diaminoacridine bisulphate; 3,6-dia-
minoacridine sulphate (1:1); 3,6-diaminoacridinium monohydrogen sulphate;
2,8-diaminoacridinium sulphate; neutral proflavine sulphate; proflavin hemisul-
phate; flavin sulphate; proflavine sulphate

Trade names: Flavine; Isoflav; Pancridine; Sanoflavin

1.2 Structural and molecular formulae and molecular weight

H,N N7 NH,

2

C26H22N6.H2$O4 Mol. wt: 516.6
1.3 Chemical and physical properties of the pure substance

From Wade (1977)

(a) Description: Orange-to-red, odourless, hygroscopic, crystalline powder with a
bitter taste



198 IARC MONOGRAPHS VOLUME 24

(b) Solubility: Soluble in cold water (1 in 300 w/v), boiling-water (1 in 1 w/v) and
glycerol (1 in 35 w/v); very slightly soluble in ethanol; insoluble in chloroform

and diethyl ether
{c) Stability: Sensitive to oxidation and light

1.4 Technical products and impurities

Published specifications for proflavine hemisulphate are included in the Bel/gian Phar-
macopoeia (Anon., 1962) (monohydrate) and in the British Pharmaceutical Codex
(Pharmaceutical Society of Great Britain, 1973) (dihydrate). The latter requires a purity,
expressed as the anhydrous substance, of not less than 98% and imposes a test for certain
other acridine derivatives that may be present as impurities. Proflavine is used for local
application only and is available in the form of a lotion (containing from 0.1-1% of the
hemisulphate), as pessaries (0.2% of the hemisulphate in a glycerol base) and as a cream
{(containing 0.1% of the hemisulphate in an emulsified base) (Wade, 1977).

PROFLAVINE MONOHYDROCHLORIDE
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 952-23-8

Chem. Abstr. and IUPAC Systematic Name: 3,6-Acridinediamine mono-
hydrochloride

Synonyms: 3,6-Diaminoacridine monohydrochloride; 3,6-diaminoacridinium
chloride hydrochloride; 2,8-diaminoacridinium chloride monohydrochloride;

proflavin monohydrochloride

1.2 Structural and molecular formulae and molecular weight

C,;H, ,N,.HCl Mol. wt: 246.5
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1.3 Chemical and physical properties of the pure substance
From Windholz (1976)
fa) Stability: Sensitive to oxidation and light
1.4 Technical products and impurities

At present there are no technical products or pharmaceutical preparations
containing proflavine monohydrochloride.

2. Production, Use, Occurrence and Analysis
2.1 Production and use
(a) Production

Proflavine was first synthesized by the condensation of meta-phenylenediamine and
formic acid in 1919 (Windholz, 1976). In 1941, methods were described for the prepara-
tion of proflavine as the result of a single condensation, starting from meta-phenylenedia-
mine (with oxalic or formic acid), from meta-amino-oxanilic acid, or from mono(or di)-
formyl-meta-phenylenediamine (Albert, 1941). It is not known whether any of these
methods are used for commercial production of proflavine.

No evidence was found that proflavine or its salts have ever been produced in com-
mercial quantities in the US. US imports of proflavine hemisulphate through the princi-
pal US customs districts amounted to 10 kg in 1977 (US International Trade
Commission, 1978).

(b) Use

The different salts of proflavine are slow-acting disinfectants. They are bacterio-
static against many gram-positive bacteria, but less effective against gram-negative
organisms, and not effective against Proteus vulgaris, Pseudomonas aeruginosa, some
strains of Escherichia coli or acid-fast bacteria. They also inactivate or inhibit some
viruses (Wade, 1977).

199
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The proflavine salts are used as topical antiseptics for treatment of contaminated or
suppurative wounds and for disinfection of the skin. For the treatment of infected
wounds and burns, they are used once or twice daily, usually as a 0.1% solution, but
strengths ranging from 0.1-1% have been used for the treatment of local infections of the
ear, mouth and throat. In preliminary studies, proflavine (0.1% solution) has been
painted on ulcers caused by herpes virus followed by exposure to incandescent or fluores-
cent light (Wade, 1977), and it has been considered for reintroduction for use against
psoriasis in conjuction with ultra-violet light (National Cancer Institute, 1977).

Proflavine dihydrochloride is a component (along with the hydrochloride of 3,6-

diamino-10-methylacridinium chloride) of acriflavinium chloride (see 1ARC, 1977), a

" topical antiseptic. Acridine derivatives were reported to have been withdrawn from use in
Sweden in 1979.

Proflavine salts are reportedly used as topical antiseptics in veterinary medicine
(Windholz, 1976).

2.2 Occurrence

Proflavine and its salts are not known to occur in nature.

2.3 Analysis

No data were available to the Working Group.
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity studies in animals
(a) Oral administration

Mouse: Groups of 50 male and 50 female B6C3F1 mice, 5-6 weeks of age, were fed
diets containing 200 or 400 mg/kg diet proflavine monohydrochloride, as the hemihydrate!,
for up to 104 weeks. (The percentage of amine was 103.4 + 0.3% of the theoretical amount;
minor unidentified impurities were present.) Of the treated mice, 20/49 females (P<0.001)
and 28/49 males in the low-dose group, and 22/50 females (P<<0.001) and 30/50 males (P =
0.04) in the high-dose group developed hepatocellular carcinomas, compared with 4/50 and
20/49, respectively, in the controls. Haemangiosarcomas of the liver developed in 0/49
females and 6/49 males in the low-dose group and in 2/50 females and 3/50 males in the
high-dose group, compared with 1/50 and 6/49, respectively, in the controls. The overall
incidence of malignant lymphomas was high: 16/50 females and 11/50 males in the low-
dose group, and 20/ 50 females and 13/50 males in the high-dose group, compared with
23/50 and 11/50, respectively, in the controls. Because a positive control carcinogen,
N-2-fluorenylacetamide, was tested in the same room with these animals, the authors
questioned the validity of these bioassay results; the statistical inference was made, how-
ever, that in female mice there was a strong association of development of hepatocellular
carcinomas with the dose of proflavine monohydrochioride hemihydrate administered
(National Cancer Institute, 1977). [The Working Group could not assess the significance of
these results, given the possibility that the experimental animals were exposed to a known
carcinogen.]

Rat: Proflavine monochloride, as the hemihydrate {percentage of amine, 103.4 + 0.3%
of the theoretical amount; minor unidentified impurities present), was administered in the
diet at concentrations of 300 or 600 mg/kg diet to groups of 50 male and 50 female Fischer
344/ CR rats, 5-6 weeks of age, for 109 weeks. In male rats in the high-dose group, 3/48
leiomyosarcomas of the small intestine, 1/48 adenocarcinoma of the small intestine, 1/48
sarcoma of the large intestine and 1/49 hepatocellular carcinoma occurred; 1/50 females in
the high-dose group developed a hepatocellular carcinoma. Hepatocellular carcinomas
occurred in 1/50 males and 2/50 females in the low-dose group. None of these tumours
occurred in the control group. The incidences of other neoplasms in treated animals were

approximately the same or lower than those reported for controls (National Cancer Institute,
1977).

1C,,H, ,N;.HCL.%H, 0



202 IARC MONOGRAPHS VOLUME 24

(b) Skin application

Mouse: In a study in which the tumour-promoting effect of sclerosing agents was in-
vestigated on skin initiated with 9,10-dimethyl-1,2-benzanthracene, a control group of 20
male albino ‘s’ strain mice were given weekly skin applications of 0.3 ml of a 1% solution of
proflavine hemisulphate (B.P.) alone in 1:2 water:carbowax 300 for 24 weeks. No tumours
were found in this group within 31 weeks. In addition, no tumour-promoting effect of
proflavine hemisulphate was noted in this experiment (Salaman & Glendenning, 1957).
[Attention was drawn to the short duration of treatment.]

(c) Other experimental systems

Intradermal administration: In a study in which the tumour-promoting effect of sciero-
sing agents was investigated on skin initiated with 9,10-dimethyl-1,2-benzanthracene, a con-
trol group of 20 male albino ‘s’ strain mice were given weekly intradermal injections in 4
areas of 0.1 ml of a 0.1% solution of proflavine hemisulphate (B.P.) in water for 24 weeks.
No tumours were found in this group within 46 weeks. However, the intradermal injections
of proflavine hemisulphate enhanced the development of skin tumours which occurred in
12/27 animals after 33 weeks following the initiation (Salaman & Glendenning, 1957).
[Attention was drawn to the short duration of treatment.]

Subcutaneous implantation: In a study in which the tumour-promoting effect of
sclerosing agents was investigated on skin initiated with 9,10-dimethyl-1,2-benzanthracene,
two solid pellets of proflavine hemisulphate (B.P.) suspended in paraffin wax were im-
planted subcutaneously in the backs of a control group of 20 male albino ‘s’ mice. No
tumours were found within 47 weeks. No tumour-promoting effect of proflavine hemi-
sulphate was noted in this experiment (Salaman & Glendenning, 1957). [Attention was
drawn to the short duration of treatment.]

3.2 Other relevant biological data

{a) Experimental systems

Toxic effects

The s.c. LD, , of proflavine in mice is 140 mg/kg bw (Rubbo, 1947).

The incorporation of *H-thymidine into mouse testicular DNA in vivo was reduced
by an i.p. injection of 100 mg/kg bw proflavine (Seiler, 1977). Proflavine also inhibited the

incorporation of radioactive precursors into DNA, RNA and protein of Hela cells in vitro;
RNA was the most and protein the least sensitive target (Watts & Davis, 1966).
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No data were available on the prenatal toxicity, absorption, distribution, excretion or
metabolism of proflavine.

Mutagenicity and other, related short-term tests

The mutagenicity of proflavine and other acridines has been reviewed (Nasim &
Brychcy, 1979); in most studies, the salt of proflavine used was not specified.

Proflavine binds to DNA and RNA by intercalation (Lerman, 1961; Scholtissek &
Rott, 1964; Georghiou, 1977). Thus, it induces frameshift mutations in various bacterio-
phages and viruses (DeMars, 1953; Orgel & Brenner, 1961; Gendon, 1963; Drake, 1970;
Kadohama et al., 1972; Pervikov et al., 1973; Haspel & Rapp, 1975). In the presence of
proflavine or its hemisulphate, visible light has an inactivating (lethal) effect on DNA, phage
and bacteria (Kaufman & Hiatt, 1959; Ritchie, 1965; Janikovd, 1966; Piette etal., 1978)
as well as a mutagenic effect (Ritchie, 1964; Brendel, 1973; Piette et a/., 1978). However,
no prophage induction could be obtained (Speck et a/., 1978).

Proflavine and its hemisulphate are mutagenic for Escherichia coli (DeMars, 1953;
Zampieri & Greenberg, 1965; Maillet, 1969). It has been found to induce forward muta-
tions to 8-azaguanine-resistance in Sa/monella typhimurium TM35 and TM677 (Skopek et
al., 1978) as well as reverse mutations in TA1537, TA1538, TA98 and TA100 (McCann et
al., 1975; Gatehouse, 1978; Skopek et a/., 1978).

Exposure of Salmonella strains to proflavine in the dark resuited in frameshift muta-
genesis (i.e., reversion of TA15637 and TA98), whereas, in the light, base substitution
(TA1535) as well as frameshift mutations (TA15637, TA1538, TA98) occurred. In the
presence of a liver microsome activating system, mutagenic activity could also be observed
with TA1538 (Speck & Rosenkranz, 1980).

Proflavine did not induce reverse mutations in Saccharomyces cerevisiae (Brusick &
Zeiger, 1972), but it induced mitotic gene conversion (Fahrig, 1970).

Feeding Drosophila melanogaster larvae on proflavine dihydrochloride produced no
mutations and only a slight increase in nondisjunction (Ostertag & Haake, 1966). Feeding
of adult Drosophila with proflavine (salt unspecified) had no effect on chromosome loss or
nondisjunction (Mittler, 1976).
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Treatment of Hela cells with profiavine hemisulphate hemihydrate resulted in a large
increase of chromatid breakage (Ostertag & Kersten, 1965). Chromatid breaks were also ob-
served in conjunction with sister chromatid exchange in Chinese hamster Don-D6 and V79-
4 cells with proflavine (salt unspecified) (Kato, 1974; Popescu et al., 1977). Sister chro-
matid exchanges were also obtained by treatment of human lymphocytes in vitro with pro-
flavine hemisulphate (Crossen, 1979).

Sister chromatid exchanges were also induced by proflavine in a V79 Chinese hamster
cell line in the dark and (in enhanced numbers) in the presence of visible light (Speit &
Vogel, 1979).

Exposure to proflavine and visible light inactivated Herpes simplex virus type 2; when
hamster embryo cells were treated with such inactivated virus they underwent morphological
transformation jn vitro and produced undifferentiated fibrosarcomas (with no detectable

virus) when inoculated into newborn hamsters (Li & Rapp, 1976).

{b) Humans

Dermatitis has been reported to be associated with topical application of proflavine
dihydrochloride (Mitchell, 1972). Skin sensitivity to proflavine hemisulphate, confirmed
by patch tests, was observed in 3 subjects (Morgan, 1968).

No data on the prenatal toxicity, absorption, distribution, metabolism or mutagenicity
of proflavine in humans were available.

3.3 Case reports and epidemiological studies of carcinogenicity in humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Experimental data

Proflavine monohydrochloride, as the hemihydrate, was tested in mice and rats by oral
administration. Proflavine hemisulphate was tested in mice by skin application intradermal
administration and subcutaneous implantation. All tests were inadequate for evaluation.

Proflavine is mutagenic in viral and bacterial systems. It increased the number of
chromatid breaks and induced sister chromatid exchanges in mammalian cells.
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Attention is drawn to the absence of studies on the teratogenicity of this compound.

4.2 Human data
Proflavine and its salts have limited use as topical disinfectants.
No case reports or epidemiological studies were available to the Working Group.

4.3 Evaluation

The available experimental results were inadequate for an evaluation of the carcino-
genicity of proflavine in experimental animals, and no data were available from human
studies. However, in view of its mutagenicity, confirmed in several experimental systems,
further studies on the carcinogenicity of this compound are warranted.
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RESERPINE

This substance was considered by a previous working group, in October 1975 (IARC,
1976). 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.: 50-55-5

Chem. Abstr. Name: Yohimban-16-carboxylic acid, 11,17-dimethoxy-18-[(3,4,5-
trimethoxybenzoyl)oxy] -, methy! ester, (38,168,17,1883,20a)-

IUPAC Systematic Name: Methy! 11, 17a-dimethoxy-188 (3,4,5-trimethoxy-
benzoyloxy)-38, 20a-yohimbane-163-carboxylate

Synonyms: 11,17a-Dimethoxy-188[(3,4,5-trimethoxybenzoyl)oxy]-38, 20a-
yohimban-16p-carboxylic acid methyl ester; 183-hydroxy-1 1,17a-dimethoxy-38,
20a-yohimban-168-carboxylic acid methy! ester 3,4,5-trimethoxybenzoate (ester);
methyl-1¢,28,32,4,4a0,5,7,8,13,13bB,14,14ap-dodecahydro-2c, 1 1-dimethoxy-38-
(3,4,5-trimethoxybenzoyloxy)benz[g] indolo(2,3a)quinolizine-18-carboxylate; methyl
reserpate 3,4,5-trimethoxybenzoic acid ester; 3,4,5-trimethoxybenzoic acid ester with
methyl 183-hydroxy-11,17a-dimethoxy-38,200-yohimban-163-carboxylate; 3,4,5-
trimethoxybenzoyl methyl reserpate; yohimban-16-carboxylic acid derivative of
benz[g] indolo (2,3a) quinolizine; 38,168,17«,188,20a-yohimban-16-carboxylic acid-
11,17-dimethoxy-18-[(3,4,5-trimethoxybenzoyl)oxy] methyl ester

Trade names: Abesta: Abicol; Adelfan; Adelphane; Adelphin; Adelphin-Esidrex-K;
Alkarau; Alkaserp; Alserin; Anquil; Apoplon; Apsical; Arcum R-S; Ascoserp;
Austrapine; Banasil; Banisil; Bendigon; Bioserpine; Brinderdin; Briserine;
Broserpine; Butiserpazide-25; Butiserpazide-50; Butiserpine; Cardioserpin; Carditivo;
Carrserp; Crystoserpine; Darebon; Deserpine; Diupres; Diutensen-R; Drenusil-R;
Dypertane Compound; Ebserpine; Elfanex; Elserpine; ENT-60146; Eserpine;
Eskaserp; Gamaserpin; Gilucard; Hexaplin; Hiposerpil; Hiserpia; Hydromox R;
Hydropres; Hydropres KA; Hygroton-Reserpine; Hypercal B; Hypertane Forte;
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Hypertensan; Idoserp; Interpina; Key-Serpine; Kitine; Klimanosid; Lemiserp;
Lowéserp; Marnitension simple; Maviserpin; Mayserpine; Mephaserpin; Metatensin:
Mio-pressin; Modenol; Naquival; Nembu-Serpin; Neo-antitersol; Neo-serfin; Neo-
Serp; Neoslowten; Ondasil; Orthoserpina; Perskleran; Pressimedin; Purserpine;
Quiescin; Raucap; Raudixin; Raudixoid; Raugal; Raulen; Rauloycin; Rauloydin;
Raunervil; Raunormin ‘Orzan’; Raupasil; Raurine; Rausan; Rau-Sed; Rausedan;
Rausedil; Rausedyl; Rauserpen-Alk; Rauserpin; Rausingle; Rautrin; Rauvilid;
Rauwasedin; Rauwilid; Rauwiloid; Rauwiloid +; Rauwipur; Rauwita; Rauwoleaf;
Rauwopur ‘Byk’; Recipin; Regroton; Renese R; Resaltex; Resedrex; Resedril: Rese-
Lar; Reser-Ar; Reserbal; Resercaps; Resercen; Resercrine; Reserfia; Reserjen;
Reserlor; Reserpamed; Reserpanca; Reserpene; Reserpex; Reserpidefe; Reserpil;
Reserpin; Reserpka; Reserpoid; Reserpur; Reserp ‘Wander’; Resersana; Reserutin;
Resiatric; Resine; Resocalm; Resomine; Respital; Restran; Rezerpin; Riserpa;
Rivased; Rivasin; Rolserp; Roxel; Roxinoid; Salupres; Salutensin; Sandril;
Sarpagen; Sedaraupin; Seda-Recipin; Seda-Salurepin; Sedserp; Seominal; Serfin;
Serolfia; Serp; Serp-AFD; Serpalan; Serpaloid; Serpanray; Serpasil; Serpasil
Apresoline; Serpasil-Esidrex; Serpasil-Esidrex No. 1; Serpasil-Esidrex No. 2; Serpasil-
Esidrex K; Serpasil premix; Serpasol; Serpate; Serpatone; Serpax; Serpedin; Serpen;
Serpena; Serpentil; Serpentina; Serpentine ‘Pharbil’; Serpicon; Serpiloid; Serpilum;
Serpine; Serpipur; Serpivite; Serplex K; Serpoid; Serpone; Serpresan; Serpyrit;
Sertabs; Sertens; Sertensin; Sertina; Sinesalin composition; Solfo Serpine; Supergan;
Temposerpine; Tendoscen-Compr.; Tensanyl; Tenserlix; Tenserp; Tenserpine ‘Assia’;
Tensional; Tensionorme; Terbolan; Transerpin; Triserpin; T-Serp; Tylandril;
Unilord; Unitensen; Vio-Serpine; Vioserpine; Veriloid; V-Serp

1.2 Structural and molecular formulae and molecular weight

H,

H,

OCH,

C33H,4 0N, 0O, Mol. wt: 608.7
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1.3 Chemical and physical properties of the pure substance
From Wade (1977) or Windholz (1976), unless otherwise specified

(a) Description: White or slightly yellow crystals or crystalline powder
(b) Melting-point: 264-265°C (dec.); 277-277.5°C (dec.) in evacuated tube
(c) Spectroscopy data: Ny, (in chloroform): 216 nm, A (1%, 1 cm) = 101; 267

nm, A(1%, 1 cm) = 28; 295 nm, A(1%, 1 cm) = 17. Infrared and nuclear magnetic

spectral data have been tabulated (Schirmer, 1975).
(d) Optical rotation: [o] 203 — 1189 (in chloroform);

[a] B" — 1649 (0.96% in pyridine):

[a] ;; — 168° (0.624% in dimethylformamide)
(e) Solubility: Practically insoluble in water; soluble in chioroform (1 in 6),

dichloromethane, glacial acetic acid, benzene and ethyl acetate; slightly soluble
in acetate, methanol, ethanol (1 in 1800), diethy! ether and aqueous solutions of

acetic and citric acids
(f) Stability: Sensitive to oxidation and hydrolysis. It acquires a yellow colour with

pronounced fluorescence, especially after addition of acid or exposure to light.
(g) Reactivity: A weak base (pK, 6.6); forms salts with strong acids

1.4 Technical products and impurities

Various national and international pharmacopoeias give specifications for the purity
of reserpine in pharmaceutical products. For example, reserpine is available in the US as a
USP grade containing 97.0-101.0% active ingredient on a dried basis. The loss on drying at
temperatures below 60°C should not exceed 0.5%, and the residue on ignition should not
exceed 0.1%. It is available in injections containing 2.5 and 5 mg/ml reserpine; and in
tablets as 0.1, 0.25, 0.5, 1, and 2 mg doses containing 90.0-110.0% of the stated amount of
reserpine (US Pharmacopeial Convention, Inc., 1975). In the UK, reserpine is available as
2.5 and 5 mg/ml injections and in 0.1, 0.15, 0.25, 0.5, 1, and 2 mg doses as tablets by itself
or in combination with bendrofluazide, phenobarbitone, theobromine hydrochlorothiazide
or potassium chloride (Wade, 1977). Perhaps the most exacting specification presently
published is that of the European Pharmacopoeia (Council of Europe, 1975), which requires
a total alkaloid content of not less than 99% and a content of reserpine (by a specific
method) of not less than 98%. There is also a test to limit (by light absorption measure-
ments) the presence of oxidation products of reserpine; related alkaloids that may con-
taminate it include, for example, rescinnamine which may co-exist with reserpine in
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Rauwolfia species (AMA Department of Drugs, 1977). Reserpine is available in Japan in 0.03
and 0.25 mg/ml doses as injections and in 0.1, 0.2, and 0.5 mg doses as tablets by itself or
in combination with hydralazine hydrochloride.

2. Production, Use, Occurrence and Analysis
2.1 Production and use
(a) Production

Reserpine was isolated from the roots of Rauwolfia serpentina L.and its structure
determined by Dorfman and coworkers in 1954 (Windholz, 1976). It was first synthesized
by the now legendary method of Woodward and co-workers (Woodward et a/., 1956). Syn-
thetic reserpine has been marketed, but has at no time been able to compete with the natural
product. Natural reserpine is extracted from the roots of various Rauwolfia species with
alcohols or aqueous acid and then further purified by extraction at pH 3.4-3.6 and
crystallization.

There are several suppliers (Sittig, 1979) of reserpine in the US; however, only one
company reports production of an undisclosed amount (see preamble, p. 21 ). According to
trade and industry sources, 4 or 5 pharmaceutical companies based in the Federal Republic
of Germany, France, ltaly, Switzerland and the US account for the bulk of world
consumption of Rauwolfia root and bark.

Reserpine was first marketed in Japan in 1954, The annual production rate of the two
producers remained remarkably stable at approximately 65 kg in 1976-1978.

The major producing countries of Rauwolfia are Thailand, India, Nepal, Malaysia
Indonesia and Zaire.

14

(b) Use

Extracts of Rauwolfia serpentina have been used medicinally in India for centuries.
They were used in primitive Hindu medicine for a variety of conditions, including snakebite,
hypertension, insomnia and insanity. Reserpineis now used primarily as a peripheral anti-
hypertensive and as a central depressant and sedative. It is used alone or in combination with
thiazide diuretics for the management of mild labile hypertension and in conjunction with
potent hypotensive agents for the management of essential hypertension and hypertension
associated with toxaemia of pregnancy. For contro! of mild or moderate hypertension,
the usual dosage for adults is 0.25 mg, 34 times daily for 2 weeks; the dosage is then
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reduced to the lowest dose necessary to maintain the response. Children may be given 20
pg/kg bw daily in divided doses. For hypertensive crises, an i.m. dose of 0.5-1 mg is used; if
there is little or no fall in blood pressure within 3 hours, 24 mg are given at 3- to 12-hour
intervals until the pressure falls to the desired level. Reserpine has also been used as a
sedative in mild anxiety states and chronic psychoses in daily doses of 0.1 to 1 mg but is now
rarely used for this purpose (Goodman & Gilman, 1975; Harvey, 1975; AMA Department of
Drugs, 1977; Wade, 1977; Office de Vulgarisation Pharmaceutique, 1979).

Reserpine is used in veterinary practice as a tranquilizer and sedative for horses, cattle,
dogs and cats (Harvey, 1975). It has also been used in feeds for chicken and turkeys as a
sedative and to prevent aortic rupture in turkeys (Windholz, 1976).

2.2 Occurrence

Reserpine is a naturally occurring alkaloid produced by several members of the genus
Rauwolfia, a climbing shrub of the Apocynaceae family, indigenous to India, Burma,
.Malaysia, Thailand, Nepal and Indonesia (Harvey, 1975).

2.3 Analysis

Analytical methods for the determination of reserpine based on chromatography,
titration, electrochemistry and spectrometry have been reviewed by Schirmer (1975).
Typical methods for the analysis of reserpine in various matrices are summarized in Table 1.
Abbreviations used are: CC/F, column chromatography with fluorescence spectrometry;
TLC/F, thin-layer chromatography with fluorescence spectrometry; UV, ultra-violet
spectrometry; HPLC/F, high-performance liquid chromatography with fluorescence spectro-
metry.



Table 1. Analytical methods for reserpine

Sample matrix

Sample preparation

Assay
procedure

Limit of
detection

Reference

Formulations
{injections
and tablets)

Rauwolfia
serpentina
root powder
and tablets

Plasma

Dissolve in chloroform; add citric
acid solution; separate chloroform
layer; add sodium bicarbonate; filter
into methanol ; extract bicarbonate
layer with chloroform; collect in two
flasks; add hydrochloric acid in
methanol; add sodium nitrite to one
and add methanol to the other; to
both add ammonium sulphamate
solution and methanol; measure
absorbances from each flask

Powder; add ethanol; reflux; add
chloroform; filter; treat with
sulphuric acid ; elute organic phase

on chromatographic column with
methanol and chloroform; add hydro-
chioric and sulphamic acids

Extract with benzene; oxidize to
fluorophor with vanadium pentoxide
in phosphoric acid; separate on octa-
decylsilane column; determine
fluorescence

Add saturated sodium tetraborate
solution and benzene; centrifuge;
evaporate benzene; dissolve in
dichloromethane; spot on TLC plates;
develop with glacial acetic acid

uv

CC/F

HPLC/F

TLC/F

not given

not given

0.1 ug/l

10 ng

US Pharmacopeial Convention,
Inc., 1975

Clark, 1970

Sams, 1978

Sams & Huffman, 1978

] ¥4
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals’
(a) Oral administration

Mouse: A group of 24 female C3H mice 45-50 days of age and a further group of 11
female XV11nc mice of the same age received an average of 0.24 ug reserpine (purity not
specified) per day in the food, while 22 C3H controls received the basal diet only. Of the
treated C3H females, 15/24 developed mammary carcinomas, the earliest by 216 days and
the latest by 15 months; of the controls, 12/12 animals developed mammary tumours,
the earliest appearing at 320 days and the latest at 17 months. No mammary tumours
occurred in treated XV11nc mice that lived for 200 days to 32 months (Lacassagne &
Duplan, 1959). [Attention is drawn to the low dose used.]

Two groups, each of 50 male and 50 female B6C3F 1 mice, 5 weeks old, were fed diets
containing 5 or 10 mg/kg diet reserpine (USP grade) for 103 weeks and observed for an
additional 2 weeks. A third group of 50 mice of each sex were used as matched controls.
All surviving animals were killed at the end of 104-105 weeks. Of the 50 high-dose females,
48 were examined: 7 had developed malignant tumours of the mammary glands (P =
0.005), while in the low dose-treated females the corresponding figure was 7/49 (P = 0.006).
No such tumours were found in 50 control females. Of the high-dose males, 5/49 developed
carcinomas of the seminal vesicles (P = 0.027); while in the low-dose males, the
corresponding figure was 1/60. No such tumours were found in 50 control males. The
incidences of tumours at other sites were no higher in treated mice than in controls
(National Cancer Institute, 1980).

Rat: A group of 92 female and 43 male Wistar rats received 100 ug/kg diet reserpine
(purity not specified) daily in a semi-liquid diet. A group of 30 female and 20 male controls
received a solid, dry, basal diet only. The experiment lasted 18 months, at which time both
test and control animals were sacrificed. The first tumours (lymphosarcomas and hepa-
tomas) appeared in females after 8-8% months and in males 2 months later; 16% of the test
animals, but no controls, developed tumours. In a later experiment, in which 80 female and
50 male Wistar controls received a semi-liquid diet and were killed at 18 months, 13% of the
animals developed lymphosarcomas and hepatomas from about the 9th month onwards
(Tuchmann-Duplessis & Mercier-Parot, 1962). [Attention is drawn to the short duration of
the experiment.]

1 The Working Group was aware of a study in progress to assess the carcinogenicity of reserpine to
mice by oral administration (IARC, 1979).
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Two groups, each of 50 male and 50 female 5-week-old Fischer 344 rats, were fed diets
containing 5 or 10 mg/kg diet reserpine (USP grade) for 103 weeks and observed for an
-additional 2 weeks. A third group of 50 rats of each sex were used as matched controls. All
surviving animals were killed at the end of 104-105 weeks. In the high-dose males the com-
bined incidence of adrenal medullary pheochromocytomas was 24/48 (P<0.001) (15 benign
and 9 malignant tumours); while in the low-dose males, the corresponding figure was 18/49
(P<0.001) (14 benign and 4 malignant neoplasms). In the matched controls, only 3 benign
and 1 malignant pheochromocytoma developed in 3/48 males. In the high-dose females, the
combined incidence of pheochromocytomas was 4/49 (3 benign and 1 malignant); while in
the low-dose females, the corresponding figure was 3/48 (all benign). Of the matched con-
trols, only 1/49 females developed a benign pheochromocytoma. Tumours at other sites
occurred in similar incidences in test and control animals (National Cancer Institute, 1980).

Groups of 25 male and 25 female Wistar rats received 0, 30 or 60 mg/kg of diet
reserpine (purity not specified) for 75 weeks, at which time all surviving rats (22 males and
22 females, 18 males and 18 females, 15 males and 24 females, in the 3 groups, respectively)
were killed. A few pituitary adenomas, fibroadenomas of the mammary gland and lympho-
sarcomas were found in both treated and control rats; however, the differences in incidence
were not statistically significant (Tatematsu et a/., 1978). [Attention is drawn to the short
duration of observation.]

(b) Other experimental systems

Administration in conjunction with known carcinogens: The number of mammary
tumours per animal in 16 Sprague-Dawley female rats given a single i.v. injection of 5 mg
9,10-dimethylbenz[a] anthracene (DMBA) at 55 days of age was increased in all animals by
subsequent daily s.c. administration of 100 ug/kg bw reserpine for 50 days after the appear-
ance of the first tumour over that observed in controls treated with DMBA only (Welsch &
Meites, 1970).

Nine male Wistar rats given 16 mg/kg of diet reserpine were protected against the car-
cinogenic effects of administration of 50 mg/l of drinking-water N-nitrosodiethylamine
(Lacassagne et a/., 1968).
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3.2 Other relevant biological data
(a) Experimental systems
Toxic effects

In rats, the i.v. LD, is 18 mg/kg bw (Usdin & Efron, 1972); in mice, the oral LD,
is 500 mg/kg bw and the i.p. LD, 70 mg/kg bw (National Cancer Institute, 1980).

Reserpine given at a s.c. dose of 2.6 or 10 mg/kg bw induces gastric erosion and
haemorrhage in mice (Blackman et a/., 1959). An i.p. dose of 0.25 mg/kg bw or an s.c. dose
of 1 mg/kg bw suppresses the immune response of lymph-node cells in C57BI/6 and CBA
mice (Devoino & Yeliseyeva, 1971).

Administration of 2.6 mg/kg bw reserpine inhibited thymidine incorporation into rat
brain DNA by 50-70% (Lewis et al., 1977).

Prenatal toxicity

The extensive literature on the effect of prenatal administration of reserpine can be
divided roughly into three spheres: 1) reproductive effects, 2) abnormal organogenesis,
and 3) postnatal effects on the central nervous and endocrine systems.

Reserpine inhibits the pituitary ovarian axis in the rat (Tuchmann-Duplessis et al.,
1957), rabbit (Keh! et al., 1956) and guinea-pig (Deanesly, 1966). The studies in the
rabbit showed interruption of pregnancy when doses of as little as 0.125 mg (0.04 mg/kg
bw) were administered intramuscularly either early or late in gestation (Kehl et a/., 1956).
When given at 14-15 days of gestation to guinea-pigs, reserpine caused death and resorption
of fetuses (Deanesly, 1966). Pregnancy was interrupted in rats given 250 rg/kg bw per day
subcutaneously starting on the 1st, 3rd or 6th day of gestation {Tuchmann-Duplessis et a/.,
1957).

Eye defects and spina bifida were reported in rats when 0.8-1.5 mg/kg bw reserpine
was given on the 9th day, or 1.5-2 mg/kg bw on the 10th day, of gestation (Goldman &
Yakovac, 1965). Hydronephrosis and deformities of the brain ventricles were found when 1
mg/kg bw was injected to rats daily for 3 days in the last third of gestation (Kanoh &
Moriyama, 1977). Doses up to 0.5 mg per day (0.16 mg/kg bw) injected intramuscularly
during mid-gestation in rabbits caused no fetotoxicity (Kehletal., 1956).
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In rats, some form of intrauterine growth retardation has commonly been observed
postnatally. In pair-fed animals, starved controls did not have an equivalent amount of fetal
weight reduction (Moriyama & Kanoh, 1976).

Werboff & Kesner (1963) reported a reduction in the ability to learn a maze after
administration of 0.1 mg/kg bw reserpine prenatally to rats: however, in another report,
Werboff et al. (1961) reported increased emotionality and susceptibility to audiogenic
seizures but no decrease in maze-learning. Hoffeld & Webster ( 1965) detected no maze-
learning defects in the offspring of rats that received the same dose. Murai (1966) found no
reduction in either postnatal activity or intelligence as measured by enclosed field testing
in rats given reserpine. Hoffeld et a/. (1967) found a prolongation of conditioned avoidance
extinction in the offspring of rats after prenatal treatment on days 5-8 of gestation. Studies
of postnatal neuroendocrine function indicate a permanent increase in sympathoadrenal
tone in the offspring of rats exposed early in gestation and chemical changes in brain
transmitters in the offspring of rats treated subcutaneously with 1 mg/kg bw reserpine 6, 5
and 4 days before delivery (Bartolomé et a/., 1976). A decreased cold stress response was
found in 70-80-day-old rats whose mothers had been given 0.1 mg/kg bw reserpine daily
from day 8 of pregnancy (Dailey, 1978).

In chicks treated with reserpine in ovo, various permanent alterations in postnatal
function, including behavioural changes, and in biochemical maturation were observed
(Sparber, 1972).

Absorption, distribution, excretion and metabolism

In rats, after an i.v. injection of 400 ug '“C-reserpine, peak radioactivity occurred in
most tissues within 60 minutes, with a rapid decline for up to 6 hours (Sheppard et al.,
1955). In male guinea-pigs, radioactivity in the brain after i.v. injection of 2 mg
3 H-reserpine reached a maximum within 20-30 minutes and then declined rapidly, whereas
radioactivity in the liver reached similar levels but fell more slowly (Sheppard et a/., 1958).

Essentially no unchanged reserpine is excreted in the urine of rats, dogs, rhesus
monkeys (Glazko et a/., 1956) or mice (Numerof et al., 1955): but 35% of an i.v. dose
was excreted in mouse faeces (Numerof et a/., 1955).

In rats, orally administered reserpine is rapidly hydrolysed to methyl reserpate (Glazko
et al., 1956); and in mice, orally or intravenously administered reserpine is metabolized to
trimethoxybenzoic acid (Numerof et a/., 1955). In rats, methyl reserpate appears to be
formed in the intestinal mucosa (Glazko et al., 1956). Trimethoxybenzoic acid is rapidly
eliminated in the urine of mice (Numerof et a/., 1955).
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Mutagenicity and other, related short-term tests

Reserpine has no mutagenic activity in Salmonella typhimurium TA1950 or TA1538,
either with or without metabolic activation by a rat liver homogenate (Fonstein et al.,
1978). Reserpine (in the form of the pharmaceutical preparations Adelfan and Serpasil)
had no effect in a diploid Aspergillus nidulans system for the detection of induced non-
disjunction and crossing over (Bignami et a/., 1974).

In mouse bone-marrow cells, reserpine was reported to stimulate mitosis and induce
an increased number of chromosome aberrations (Jameela & Subramanyam, 1979). An
increase in mitotic activity was also observed in cultured human peripheral leucocytes
exposed to reserpine; no chromosome aberrations were noted (Bishun et a/., 1975).

I.p. doses of 0.92 and 4.6 mg/kg reserpine did not induce dominant lethality in mice
(Epstein et al., 1972). Zolotareva et al. (1978) reported a dominant lethal effect in mice in
the 2nd and 3rd week after treatment with 0.2 - 8 mg/kg reserpine in the form of the
pharmaceutical preparation Rausedil. They also reported that chromosome aberrations
are induced in mouse bone-marrow cells at doses up to 10 mg/kg. [Attention is drawn to
the inadequate reporting of the latter experiment.]

Effects on intermediary metabolism

Reserpine blocks the release of prolactin-inhibiting factor and thus raises serum
prolactin levels (Welsch & Meites, 1970).

Other effects

Reserpine (30 mg/kg bw) has been reported to inhibit the growth of L1210 leukaemic
cells in male mice (Goldin et a/., 1957) and to suppress the growth of sarcoma 37 in mice
(60 mg/kg bw) (Belkin & Hardy, 1957). In contrast, reserpine did not affect the growth of
transplanted mammary adenocarcinomas in C3H mice (Cranston, 1958).

(b) Humans

The primary therapeutic effect of reserpine is its peripheral antihypertensive action; it
is also used as a central depressant and sedative (Goodman & Gilman, 1975).
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Toxic effects

Death has been reported after ingestion of 50 mg/kg bw reserpine (Gleason et al.,
1969).

Prenatal toxicity

In 475 women treated with reserpine and other Rauwol/fia drugs at different times
during pregnancy, there was no overall evidence of an association with malformations,
This association was, however, found in the course of muitiple comparisons; the data
were only partially controlled in the context of a hypothesis-seeking study (Heinonen et al.,
1977). Sobel (1960) reported one stillborn and congenital lung cysts in one of a pair of
twins in the pregnancy outcomes of 15 treated women. Nasal congestion with cyanosis,
costal retraction and lethargy were found in 12 newborn babies whose mothers were treated
with reserpine shortly before delivery (Budnick et a/., 1955).

Absorption, distribution, excretion and metabolism

After oral administration of 0.25 mg 3H-reserpine, tritium was rapidly absorbed into
the blood, reaching a peak within 1-2 hours. Radioactivity was tightly bound to red blood
cells and remained constant over a 96-hour period. Disappearance of radioactivity in plasma
was biphasic: the first component had a halflife of 4.5 hours, and the second, 271
hours. Six percent of the dose was excreted in the urine by 24 hours, mainly as tri-
methoxybenzoic acid; but radioactivity was still detectable in plasma, urine and faeces
11-12 days after drug administration (Maass et a/., 1969).

Hypertensive patients who received reserpine had significantly greater (P<0.005)
serum prolactin levels than those measured 6 weeks after treatment had been discontinued
(Leeetal., 1976).

No data were available on the mutagenicity of reserpine in humans.
3.3 Case reports and epidemiological studies of carcinogenicity in humans

The relationship of reserpine use to breast cancer was reviewed previously (IARC,
1976). On the basis of information from the 6 studies available, it was concluded at that
time that the results, taken together, were ‘not consistent in indicating an increased risk of

cancer in patients exposed to Rauwolfia derivatives’, and that further evidence was needed.

A number of studies have since been published. In addition, the topic has been
reviewed by Henderson (1977), Labarthe (1979} and Shapiro & Slone (1979).



RESERPINE 223

Thirteen case-control studies (including the 6 already reviewed in IARC, 1976)
available to the Working Group are summarized: in Table 1: some aspects of selection
of cases and controls; Table 2: methods of ascertainment of the history of reserpine use;
Table 3: definitions and criteria of exposure to reserpine; and Table 4: estimates of
association between reserpine exposure and breast cancer. These studies will be discussed
in the order that they appear in the tables, and then data from two cohort studies will be
considered. Estimates of association for the cohort studies are included in Table 4.

Boston study: the first report (Boston Collaborative Drug Surveillance Program,
1974) was based upon the screening of multiple associations between drugs and diseases.
The relative risk for breast cancer associated with reserpine use was 3.5 with 95% confidence
limits of 1.6-8.0. [Since it was a hypothesis-generating study, however, information on
possible confounding and other relevant factors was not available.]

Bristol and Helsinki studies: the Boston study eliminated two other studies. An
association was found in the Bristol study (Armstrong et al/., 1974), but the low prevalence
of reserpine use resulted in wide confidence limits (0.7-5.5) about the relative risk (2.0).
An association was also found in the Helsinki study (relative risk, 2.0; confidence limits,
1.2-3.4) (Heinonen et al., 1974), but it has been suggested by one of the original
investigators that inconsistency in the relative risk estimates over three calendar periods
could suggest one or more undetected sources of bias (Shapiro & Slone, 1979). [On the
other hand, this variation might have been due simply to chance.]

[The three initial studies reported associations between recent reserpine use and breast
cancer. Little information was available concerning earlier use.]

Los Angeles study: Mack et a/. (1975) reported a modest association for ‘ever-use’ of
reserpine (relative risk, 1.2; confidence limits, 0.7-2.2) and a slightly stronger one for
recent use (1.6; 0.7-3.4), but drug use in general was associated with breast cancer, thus
casting doubt on the relation to reserpine per se.

Rochester study: O’Fallon et a/. (1975) found no evidence of an association (relative
risk, 1.0; one-sided upper 95% confidence limit, 1.6). [This study, however, used different
exposure criteria (past exposure) from those in the initial three studies. In addition, the
selection of controls with only one condition, such as gallbladder disease (as in this study)
can obscure an association if that condition is itself positively related to the exposure.]

Rockland study: the relative risk estimates in the Rockland study (Laska et a/., 1975)

were based on small numbers (55 case-control pairs), and the confidence intervals were wide
(1.1; 0.5-2.3).
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Baltimore study: Lilienfeld et a/. (1975) found no statistically significant increase
in the risk of breast cancer associated with reserpine use. The relative risks were 1.6 (95%
confidence limits, 0.9-2.9) using hospital controls, 0.9 (95% confidence limits, 0.4-1.7)
using neighbourhood controls, and 1.1 {95% confidence limits, 0.5-2.2) using hospital and
neighbourhood controls. The hospital controls were of lower socio-economic status than
the cases, whereas the neighbourhood controls were not; the slightly higher risk seen when
using hospital controls may thus have been due to confounding by socio-economic status.

England and Wales study: to control for possible confounding due to hypertension
Armstrong et a/. (1976) limited their study to women whose death certificates mentioned
hypertension. The subjects were selected from random samples of death certificates of
women who died in England and Wales in 1972 or 1973. Fifteen of 33 patients with breast
cancer (45%) and 30 of 97 matched controls without cancer (31%) were found ever to have
used Rauwolfia derivatives; a relative risk of 2.1 (95% confidence limits, 0.9-4.9). When
controls with selected cancers other than breast were used, 15 of 35 breast cancer patients
(43%) and 27 of 76 matched controls (36%) were identified as users (relative risk, 1.4; 95%
confidence limits, 0.6-3.4). Breast cancer risk did not increase with increasing duration of
Rauwolfia use.

Finland study: Aromaa et a/. (1976), in a matched-pairs analysis using hypertensive
cases and controls, found a relative risk for breast cancer of 1.0, with 95% confidence limits
of 0.5-1.9, when Rauwolfia was the main compound used. For ‘any’ use of Rauwolfia,
the relative risk was 1.2, with 95% confidence limits of 0.6-2.3. Information on reserpine
use in both cases and controls was obtained from hypertension registers, and cases were
limited to those entered independently in a population-based cancer registry after their
date of enrollment in the hypertension registry. [The possibility of certain biases would
thereby be reduced.]

Berlin study: in this study (Kewitz et a/., 1977), cases of breast cancer and controls
with benign breast disease were all interviewed before the diagnosis had been made [thus
limiting the possibility of interviewer bias]. The relative risk estimate of 0.6 (95% con-
fidence limits: 0.4-1.1) was interpreted as strong evidence against a causal relationship.
To test the possibility that reserpine use may be related to the risk of both benign breast
disease and breast cancer, the cases were compared with a second control group of women
subjected to surgery for other benign conditions. For this control group the interviewers
were aware of the diagnosis. The relative risk was 0.9, with 95% confidence limits of 0.4-1.7.
[In this study the exact timing of reserpine use was not specified.]
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Scotland and England study: Christopher et a/. (1977) used a matched-sets design to
evaluate the use of reserpine at various times in relation to breast cancer. For ‘ever-use’,
when comparing cases with controls who did not have cancer, the relative risks in Aberdeen
and Dundee were 1.0 and 1.2, respectively. [No confidence limits were given. The estimate
for 116 matched sets studied in London was also not given.] Timing of reserpine use was
examined in detail: rates of use - whether at the time of diagnosis, within 1 year of diag-
nosis, more than 1 year before diagnosis or ever {including ‘unknowns’) - were similar
when cases and controls were compared.

Oakland study: Kodlin & McCarthy (1978) reported conflicting results, with relative
risk for breast cancer estimates varying from 1.3 to 4.7. When hypertensive cases were
compared with matched controls who had had diagnosed hypertension for the same length
of time (their preferred comparison), the relative risk estimate was 1.3 [approximate 95%
confidence limits, 0.6-2.9, calculated by the Working Group] .

United States study: in this study (Williams et a/., 1978), women with breast cancer
and controls were enrolled from among 80,000 women who volunteered for screening in the
nationwide Breast Cancer Detection Demonstration Project; and 481 cases were compared
with 1268 randomly selected controls. Although the women were said to be asymptomatic,
it was estimated that two-thirds of the cancers were large enough to be detected on physical
examination. The use of reserpine in the year before admission was not associated with
breast cancer (relative risk estimate, 1.1); but earlier use for 5 or more years was (relative
risk adjusted for several potentially confounding factors, 2.0; P<0.05). A similar associa-
tion was evident when 359 women who were biopsied and found not to have breast cancer
were compared with 1071 controls (adjusted relative risk, 2.1; P<0.1). [The biopsy-
negative women presumably had benign breast disease.] The use of thiazide diuretics for 5
or more years, either alone or in combination with other drugs, was also associated with
benign breast disease. The use, especially for 5 or more years, of other antihypertensive
drugs such as methyldopa, chlorthalidone and hydralazine, was also associated with breast
cancer, benign breast disease or both. Moreover, the relative risks tended to rise pro-
gressively, both among the breast cancer subjects and among those with benign breast
disease, as the number of antihypertensive agents used increased. This applied particularly
to women who had taken multiple agents for 5 or more years. The authors felt that the
combined data suggested that causality (of breast cancer by reserpine) was a serious possi-
bility. [The multiple associations reported in this study may be explicable in terms of the
unique population selected for study. To illustrate this, consider 2 women who have a
breast lump, one of whom takes reserpine or another antihypertensive drug. It is plausible
that the user of antihypertensives would, in general, be more ‘health conscious’ than the
nonuser. The health-conscious woman might be more likely to find a lump and volunteer
for screening as soon as she suspected that she had cancer. The nonuser with a breast lump
might be less health conscious, less likely to find the lump and consequently not volunteer
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for screening and instead have her cancer diagnosed in the usual way. She would thus be
less likely to appear in the population of screened women but would appear in a hospital or
population series. This preferential inclusion of reserpine users in a screened population
would probably be less pronounced in women without breast lumps. Even if this were not
true, the question would still arise as to whether these data confirm the original reports in
which recent reserpine use was associated with breast cancer. In the study of Williams et a/.,
recent use was not associated with breast cancer. This is not coherent with the first three
original reports.]

Two cohort studies have also been reported. In the first, Labarthe & O'Falion (1980)
describe the experience of 450 women who used reserpine, 2560 of whom took the drug
for 1 year or more. All the women were residents of Olmstead County, Minnesota; ex-
pected numbers of cases of breast cancer were estimated from data from the same county
and from the Connecticut Tumor Registry. Among all 450 users, 11 breast cancers were
observed during 6 months to 26 years of follow-up (10.8 and 10.0 expected); and in the
250 longterm users, 4 were observed (5.6 and 5.1 expected). The relative risks were close to
unity for each comparison, with an upper 95% confidence limit of about 1.8. The use of
thiazide diuretics alone or in combination with reserpine was not associated with breast
cancer. This study also suggested that hypertension per se is not a risk factor for breast
cancer and therefore not of concern as a confounding factor in other studies.

The second study was based upon screening data from a medical care programme
(Friedman & Ury, 1980). Among 4270 Rauwolfia recipients followed for 3-7 years (num-
ber of women unspecified), there were 30 cases of breast cancer (31.2 expected) and 211
cases of all cancers (226.5 expected). [Since these data were generated in the course of
routine screening for the presence or absence of associations, and since no specific relation-
ship was evaluated in detail, they must be interpreted with caution.]
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Table 1. Some aspects of selection of cases and controls in 13 case-control
studies of reserpine use in relation to breast cancer’
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Boston:

Bristol:

Helsinki:

Los Angeles:

Rochester:

Rockland:

Cases, 25,000 hospitalized patients in Boston area, 1972; 159 new cases,
less 9 with inadequate drug history; n = 150

Controls, surgical - 6500 candidates; less 309 with other cancers; less 180
with inadequate drug history; remainder sampled for 4:1 match by decade
of age, hospital; n =600

Controls, medical - 5200 candidates: less 1686 with cardiovascular
diseases or other cancer; less 171 with inadequate drug history; remainder
sampled for 4:1 match; n =600

Cases, 750 newly registered cases, 1971-1973; less 32 with inadequate
history; n=708

Controls, all other cancers sampled to provide 3:1 match by 5-year age
range, year of registration; removed matched subjects not newly diag-
nosed and treated in Bristol area hospitals; removed 121 with inadequate
history; final matching ratio variable; n = 1430

Controls, selected other cancers - subset of above after exclusion of
subjects with cancers of pancreas, skin, corpus uteri, kidney, nervous
system; n = 963

Cases, subjects with mastectomy for breast cancer in a Helsinki hospital,
1960-1972; less those with any other cancer; less those with inadequate
history in case or paired controls; n =438

Controls, surgical - subjects with elective surgery and no cancer, less those
with surgery for gall-bladder, thyroid or kidney disease, cardiac or vascular
surgery or sympathectomy; less those with inadequate history; matched
by 5-year age interval and year of surgery, 1:1; n =438

Cases, 120 notifications of breast cancer, 1971-1975; less 2 with meta-
stases to breast, 7 lacking records; including those with prior breast
cancer and other cancers; n = 111. In most analyses the latter are
excluded; n =99

Controls, community residents - roster searched for age and community-
entry matches within 6 months; excluding subjects without charts and
subjects with benign breast disease; n = 444 or 396

Cases, 453 breast cancer cases; from defined population, diagnosed 1955-
1973; less 3 with inadequate history; n =450; 167 hypertensive
Controls, gall-bladder disease - from 2000 subjects, 475 diagnosed 1955-
1970, drawn at random within age strata to match age distribution of
cases; no exclusions; n =475; 225 hypertensive

Cases, b5 cases with breast cancer diagnosed while resident in institution,
1965-1974, on average 18 years before diagnosis; no exclusions; n = 55
Controls, 55 controls matched on age, psychiatric diagnosis, admission
date, (sometimes) race and religion; all resident in hospital April 1, 1969;
no exclusions; n =55 :




228

Table 1 (contd)

IARC MONOGRAPHS VOLUME 24

Baltimore:

England & Wales:

Finland:

Berlin:

Scotland & England:

Cases, 273 newly diagnosed patients in Breast Tumor Collaborative Study,
July 1973-January 1975; less 38 without interview; less 39 with in-
adequate history in the case or the match; less 32 not matched with
hospital control; n = 164 matched to hospital control; less 57 not

- matched with neighbourhood control; n = 139 matched to neighbourhood

control

Controls, hospital - 242 subjects matched by sex, age (within & years),
Baltimore residence, race, hospital service, date of admission; free of prior
breast cancer; less 30 with no interview; less 48 with inadequate history;
n=164

Controls, neighbourhood - 201 subjects with similar demographic

matching; less 35 without interviews; less 27 with inadequate history;
n=139

Cases, 58 subjects with death certificates in special analysis samples (10%
of 1972, 26% of 1973), with all diagnoses coded, having breast cancer and
hypertension coded; less 11 with inadequate history; n = 47 (33, 35)
Controls, other cancers - 105 subjects with other cancers and hypertension
found when seeking match on year of death, 5-year interval of age at
death, position of hypertension on death certificate and rubric coded; less
14 with inadequate history; n = 91 (76)

Controls, no cancer - 254 subjects identified as above; less 70 with in-
adequate history; n = 184 (97)

Cases - 126 subjects linked in Finnish Cancer Registry and Social
Insurance Institution as having breast cancer reported in 1973, anti-
hypertensive medications reimbursed by 1972; less 7 pairs in which case
or control lacked adequate history; n = 109

Controls, other hypertensives - selected from among 3 tentative controls
per case after matching by geographic area, age (within 1 year) and
duration of hypertension; n = 109

Cases, 526 women admitted to any of 20 hospitals for breast biopsy, with
no other cancer; less 336 without breast cancer on biopsy; less persons
over 80 years old; n = 181

Controls, benign breast disease - remainder of cancer-free biopsy series;
less persons under 30 years old; n = 307

Controls, other surgery - other surgical patients, excluding those with gall-
bladder disease or any cancer; n = 101

Cases, all cases with discharge diagnosis of breast cancer in 1969-1974 or a
shorter interval in participating hospitals; Aberdeen, 1000 cases less 354
with inadequate history or match yielded 646 matched sets with 2
controls, 1 case; Dundee, 233 matched sets with 2 controls, 1 case;
Hammersmith, 177 cases less 61 exclusions yielded 116 matched sets {or
107); total n = 986
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Table 1 (contd)

Scotland & England Controls, other cancer - combined Aberdeen and Dundee controls; age-
(contd) matched; total n = 879
Controls, other - combined Aberdeen, Dundee and Hammersmith controls;
age-matched; total n = 986
Controls, cardiac rematch - combined Aberdeen and Dundee ‘controls,
other’ after replacement of all with cardiac diagnosis (n = 102) gives total
n =879

Oakland: Cases, breast cancer diagnosed between 1974 and April 1975; selected
from 789 breast cancer cases because hypertension diagnosed in multi-
phasic screening 1964-1973; n = 108
Controls, selected from a pool of sets of 20 potential controls matched to
each case by race, year of multiphasic screening examination, age (within 1
year) and hypertension diagnosed during screening; n = 324

United States: All subjects selected from the nationwide Breast Cancer Detection
Demonstration Project
Cases, 543 with biopsy-proven breast cancer; 62 nonrespondents; n = 481
Controls, 1422 subjects screened negative; 154 nonrespondents; n = 1268

aAdapted from Labarthe (1979) and supplemented by the Working Group

Table 2. Methods of ascertainment of the history of reserpine use in 13 case-control
studies of reserpine use in relation to breast cancer’

Boston: In-hospital interview responses to items on use of medications during the 3
months prior to admission; if response positive for treatment of high
blood pressure, identity, frequency and duration of use of antihyper-
tensive medications sought

Bristol: Medical record sources of several types searched in sequence until ex-
hausted or adequate data obtained, the first 3 types relating to drugs in use
at time of admission: (1) General practitioner (GP) admission form; (2)
admission medical history; (3) project-initiated inquiry similar to GP
admission form; and (4) GP practice notes; if Rauwolfia derivatives
identified, GP notes sought for dose and duration

Helsinki: Medical record sources linked to current hospitalization; prior use
information limited to referral letters, outpatient notes, current and
previous admission histories, inpatient drug records, anaesthetic records
and consultants’ notes
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Los Angeles:

Rochester:
Rockland:

Baltimore:

England & Wales:

Finland:

Berlin:

Scotland & England:

Oakland:

United States:

Outpatient clinic records, including general medical history recorded at
entry to community, possibly including pre-entry drug use

Outpatient and inpatient medical records
Inpatient medical records

Interview response whether ever hypertensive; if yes, when and by whom
treated; letters to physicians named plus search of clinic records when a
participating hospital involved; interview response linked to hospital
admission for cases and hospital controls, not neighbourhood controls;
but only approximately two-thirds of interviews actually completed in
hospital

GP records sought when subjects were attended at the time of death, or
from local family-practitioner committee, if returned there following
death

Social Insurance Institution records of reimbursement for medications
purchased during 1972, giving name, amount purchased and dosage for all
purchases; physicians contacted to determine duration of hypertension,
but evidently not for drug information

In-hospital response positive for long-term medication, if ‘regular use for at
least three months’; then dosages, duration of treatment and between-
treatment intervals sought. If history positive for hypertension, physican
contact sought and questionnaire sent for similar data on antihypertensive
and other cardiovascular drugs

Hospital records at admission for diagnosis of breast cancer or other condi-
tions, plus request for supplemental information from GP (or committee);
except at Hammersmith, with no corresponding hospital history for
controls

Inpatient and outpatient records from a medical care programme

Questionnaire mailed to all subjects; patients asked to record all drugs
taken for 1 year or more; supplementary questionnaires mailed to each
physician listed by patient as prescribing therapy for hypertension or
oedema

aAdapted from Labarthe (1979) and supplemented by the Working Group
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Table 3. Definitions and criteria of exposure to reserpine in 13 case-control studies

of reserpine use in relation to breast cancer?

Boston:

Bristol:
Helsinki:

Los Angeles:

Rochester:

Rockland:

Baltimore:

England & Wales:

Finland:

Berlin:

Scotland & England:

QOakland:

United States:

Use within past 3 months = user {recent)
Also analysed by duration of use (1, 1-3, 4-5, 5+ years)

Use at time of admission to hospital = user (recent)
Any positive history = user (ever)

Any positive history = user {ever)
Separate analysis for users at least 5 years prior to diagnosis

Positive history occurring at least 6 months prior to diagnosis = user (ever)
Also analysed by interval from first use to diagnosis (more than 1, 2,
3...8,9, 10+ years)

Any positive history before 6 months from diagnosis = user {ever)

Also analysed by years of use in which 25 mg+ used, relative to year of
diagnosis; cumulative years: mean number of days and mean dosage of
reserpine

Any positive history = user {ever)

Also analysed by average dose per user and average duration of use per
user

Any positive history = user (ever)

Also analysed by use before cancer diagnosis, before and after, after only,
any period of 3+ months before diagnosis, and any period of 5+ years
before diagnosis

Any positive history = user (recent)
Also analysed as ‘main’ antihypertensive agent (use on same number or
more days than other agents)

Any positive history = user (ever)

Also analysed by duration of use 1+ years, by proximity of use to date of
diagnosis (within the same year), and use for 1+ years up to the time of
diagnosis

Any positive history = user (ever)

Also analysed by use at time of diagnosis of cancer, within 1 year, and
more than 1 year from diagnosis; Aberdeen also grouped at more than 6
months before diagnosis

Any positive history = user (ever)

Any positive history of use for 1+ years = user (ever)
Also analysed by use for 5+ years

aAdapted from Labarthe (1979) and supplemented by the Working Group
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Table 4. Estimates of association between reserpine and breast cancer

in 13 case-control and 2 cohort studies’

Reserpine exposure

Study Relative riskb {95% confidence intervals) recorded®
Case-control studies
Boston 3.5 (1.6-8.0) Recent
Bristol 2.0 (0.7-5.5) Recent
Helsinki 2.0 (1.2-3.4) Recent
Los Angeles 1.2 {0.7-2.2) Ever
1.6 (0.7-3.4) Recent
Rochester 1.0 {one-sided upper confidence limit: 1.6) Recent
Rockland 1.1 {0.5-2.3) Ever
Baltimore 1.6 (0.9-2.9)d Ever
0.9 (0.4-1.7) Ever
1.1 (0.5-2.2) Ever
England & Wales 2.1 (0.94.9)° Ever
1.4 (0.6-3.4) Ever
Finland 1.0 (0.5-1.9) Recent {main drug)
1.2 (0.6-2.3) Recent (any use)
Berlin 0.6 (0.4-1.1)d Ever
0.9 (0.4-1.7) Ever
Scotland & England 1.0 {no confidence limits given) {Aberdeen) Ever
1.2 {no confidence limits given) {Dundee) Ever
Oakland 1.3 (0.6-2.9)° Ever
United States 1.2 Ever
2.0 (P(©.05)
1.1 Recent
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Table 4 (contd)

b Reserpine exposure
Study Relative risk~ (95% confidence intervals) recorded®
Cohort studies
Olmstead County 1.0 (0.5-1.8)° Any?
Medical care programme 1.0 (0.6-1 .4)e Anyh
{Kaiser-Permanente)

9prepared from data supplied by Labarthe (1979) and supplemented by the Working Group
b Relative risks shown were selected as those most representative of the data

CRecent = last use, usually within 6 months of diagnosis of breast cancer
Ever = ever exposed (including unknown timing)

dDifferent relative risks associated with different control goups (see text)
eApproximate interval estimated by the Working Group

ste for 5 or more years

gAny use occurring 6 months to 26 years before end of follow-up

hAny use occurring 3-7 years before end of follow-up
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4. Summary of Data Reported and Evaluation

4.1 Experimental data

Reserpine was tested in two experiments in mice by oral administration; in one experi-
ment it induced malignant mammary tumours in females and carcinomas of the seminal
vesicles in males. It was tested in three experiments in rats by oral administration; in one
experiment it increased the incidence of pheochromocytomas in males. The other study in
mice and the other two studies in rats were inadequate for evaluation.

Reserpine is embryotoxic and has effects on reproduction. There is limited evidence
that itis teratogenic in experimental animals. It was not mutagenic in Sa/monella
typhimurium.

4.2 Human data
Reserpine is used mainly for the treatment of mild or moderate hypertension.

Thirteen case-control and two cohort studies on the relationship of reserpine to breast
cancer were available to the Working Group. Between and within studies, estimates of
relative risk for different measures of reserpine use varied from as low as 0.6 to over 3.
Many of the positive findings were not coherent with one another; and the studies con-
sidered to be the most satisfactory, methodologically, showed little or no evidence of an
increased risk.

Two studies of pregnant women receiving reserpine failed to find clear evidence of
teratogenicity.

4.3 Evaluation
There is /imited evidence! that reserpine is carcinogenic in experimental animals.
The studies in humans are not consistent in showing an increase in risk of breast cancer
associated with reserpine use; and, considering all studies together and the methodological

problems of some, such an increase appears unlikely. Because of sampling variation,
however, a small increase in risk (of the order of 50% or less) cannot be ruled out.

1See preamble, p. 18.
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RIFAMPICIN
1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 13292-46-1
Chem. Abstr. Name: Rifamycin, 3- { [(4-methyl-1-piperazinyl)imino] methyl } -

IUPAC Systematic Name: (12Z,14E,24F)-(25,16S,17S,18R,19R,20R,21S5,22R,-
23S)-1,2-Dihydro-5,6,9,17,19-pentahydroxy-23-methoxy-2,14,12,16,18,20,22-
heptamethyl-8-(4-methylpiperazin-1-yliminomethyl)-1,11 -dioxo-2,7-epoxypentadeca-
1,11,13-trienoimino)naphtho[2,1-6] furan-21-yl acetate

Synonyms: 5,6,9,17,19,21-Hexahydroxy-23-methoxy-2,4,12,16,1 8,20,22-heptamethyl-
8-[N-(4-methyl-1-piperaziny!)formimidoyl] -2,7-[epoxypentadeca(1,11,13)trienimino] -
naphtho(2,1-b)furan-1,11(2H)-dione-21-acetate; 3-(4-methylpiperazinyliminomethyl)-
rifamycin SV; 3-{ [(4-methyl-1-piperazinyl)imino] methyl } rifamycin SV; rifaldazin;
rifaldazine; rifampicin SV; rifampicinum; rifamycin AMP

Trade names: Archidyn; Arficin; NSC 113926; R/AMP; Rifa; Rifadin; Rifadine;
Rifagen; Rifaldin; Rifamate; Rifampin; Rifaprodin; Rifinah; Rifobac; Rifoldin;
Rifoldine; Riforal; Rimactan; Rimactane; Rimactazid; Rimactizid; Tubocin

1.2 Structural and molecular formulae and molecular weight

CH, CH,
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OH
CH,C00 CH o
TN on Ol OH CH,
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1.3 Chemical and physical properties of the pure substance
From Wade (1977) or Windholz (1976), unless otherwise specified

(a) Description: A tasteless, reddish-brown, crystalline powder

(b) Melting-point: 183-188°C (dec.).

(c) Spectroscopy data: Amax (in aqueous phosphate buffer, pH 7.38) 237 nm, A (1%,
1 cm) = 40; 255 nm, A(1%, 1 cm) = 39; 334 nm, A(1%, 1cm) = 33; 475 nm,
A(1%, 1 cm) = 19. Infrared, nuclear magnetic resonance and mass spectral data have
been tabulated (Gallo & Radaelli, 1976).

(d) Optical rotation: [a]25 = +10.6° (c = 5% in deuterated chloroform) (Gallo &
Radaelli, 1976)

fe) Solubility: Practically insoluble in water; freely soluble in chloroform; soluble

in ethyl acetate, methanol and dimethyl sulphoxide; slightly soluble in ethanol and
acetone (Gallo & Radaelli, 1976)

(f) Stability: Stable as dry powder. Subject to oxidation and photodegradation at
temperatures above 40°C

1.4 Technical products and impurities

Various national and international pharmacopoeias give specifications for the purity
~of rifampicin in pharmaceutical products. For example, it is available in the US as a USP
grade containing not less than 90.0% rifampicin calculated on the dried basis. It is also
available in 300 mg doses as capsules containing 90.0-130.0% of the stated amount of
rifampicin  (US Pharmacopeial Convention, Inc., 1975). Under US Food & Drug
Administration (1978) regulations, all rifampicin must be batch certified and fulfill certain
standards of identity, potency, quality and purity.

In the UK, rifampicin is available in 150 and 300 mg doses as capsules and in 450 and
600 mg doses as tablets. It is also available in a syrup containing 100 mg rifampicin in each
5 ml, and in combination tablets containing 150 mg rifampicin and 100 mg isonicotinic acid
hydrazide (Wade, 1977).

In Japan, rifampicin is available in 460 mg doses as capsules.

The main impurities of rifampicin have been reported to be 3-formyirifamycin SV and
rifampicin-quinone (Gallo & Radaelli, 1976).
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2. Production, Use, Occurrence and Analysis
2.1 Production and use

{a) Production

Rifampicin is a semi-synthetic derivative of rifamycin antibiotics which are produced
by the fermentation of Streptomyces mediterranei, a species which was first isolated in ltaly
in 1957 from a soil sample collected in France. The fermentation produces a complex mixture
from which rifamycin B is isolated. Rifamycin B is transformed by a series of reactions into
3-formylrifamycin SV, which in turn is condensed with 1-amino-4-methylpiperazine in
peroxide-free tetrahydrofuran to give rifampicin (Harvey, 1975; Gallo & Radaelli, 1976).

There is no evidence that rifampicin has ever been produced commercially in the US. US
imports of rifampicin through principal US customs districts in recent years have shown a
steady growth from a level of 321 kg in 1972 (US Tariff Commission, 1973) to 6190 kg in
1978 (US International Trade Commission, 1979).

One company in Switzerland has fermentation facilities to produce rifamycin B. Two
manufacturers, one in Brazil and one in Argentina, produce rifampicin, but the basic fermen-
tation step is carried out elsewhere. One company in Italy produces both rifamycin B and
rifampicin. ‘

No evidence was found that rifampicin has ever been commercially produced in Japan.
Imports were 9000 kg in 1976, 10,000 kg in 1977 and 12,000 kg in 1978, principally from
italy, Switzerland and Thailand.

{b) Use

Rifampicin is a very broad spectrum, semi-synthetic antibiotic with bactericidal activity
against most gram-positive and gram-negative bacteria at concentrations attainable /in vivo.
It acts by inhibiting DNA-dependent RNA polymerase, which leads to the suppression of RNA
chain synthesis (Goodman & Gilman, 1975). Rifampicin is especially active against the
following gram-positive bacteria: Staphylococcus pyogenes, Streptococcus pyogenes, Strep.
viridans, and Diplococcus pneumoniae; and it is variably active against gram-negative
organisms, especially Hemophilus influenzae, meningococci and gonococci. Both
Myocobacterium tuberculosis and M. leprae are very susceptible to the drug (Harvey, 1975).
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The main use of rifampicin is in the treatment of leprosy and tuberculosis, in association
with other antimycobacterial drugs (WHO, 1977). The usual daily dose is 450 mg in patients
weighing less than 50 kg and 600 mg in patients weighing more than 50 kg. The dosage for
children is 10-20 mg/kg, maximum 600 mg daily. For intermittent regimens, 600 mg are
given to adult patients twice a week (Harvey, 1975; Wade, 1977).

Rifampicin is also used in the chemoprophylactic treatment of asymptomatic carriers of
Neisseria meningitidis, although it is not used for treatment of meningococcal infections
(Goodman & Gilman, 1975; American Society of Hospital Pharmacists, 1979).

2.2 Occurrence

The rifamycins are a group of structurally similar antibiotics produced by Streptomyces
mediterranei. Rifampicin does not occur in nature.

2.3 Analysis

Analytical methods for the determination of rifampicin in bulk products, pharmaceutical
preparations and biological fluids based on spectrophotometric methods, fluorometric
determination, complex formation, chromatographic methods and microbiological methods
have been reviewed (Gallo & Radaelli, 1976). Typical methods for the analysis of rifampicin
in various matrices are summarized in Table 1. Abbreviations used are: FL, fluorimetry; S,
spectrometry; T, titration; TLC, thin-layer chromatography; DPA, diffusion plate assay; and
HPLC/S, high-performance liquid chromatography with spectrometry.



Table 1. Analytical methods for rifampicin

Sample matrix Sample preparation Assay Limit of Reference
procedure detection
Formulations Transform into fluorescent product with FL not given Finkel et a/., 1971
hydrogen peroxide in aqueous carbonate-
bicarbonate buffer
Dissolve in methanol; treat with aqueous S not given Barzi, 1973a
solution of aluminium chloride
Dissolve in chloroform; develop with TLC 0.3 ug Wilson et al., 1977
chioroform-methanol-water system
Capsules Oxidize with excess ferric chloride T not given Barz3, 1973b
Dissolve in methanol; treat with aqueous S not given Barz¥, 1973a
solution of aluminium chloride
Biological samples
Bile Extract with benzene S not given Maggi et a/., 1969
Serum Extract with isoamyl alcohol S not given Sunahara & Nakagawa, 1972
Plasma Extract with chloroform in the presence of HPLC/S not given Murray et al., 1975

ascorbic acid and urea; dissolve in benzene
and methanol; inject into chromotographic
column; elute with ethyl acetate, piperidine
and methanol -
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Table 1 (contd) -

Sample matrix Sample preparation Assay Limit of Reference
procedure detection
Biological samples

{contd)

Urine Dissolve in methanol, treat with aqueous S not given Barz3, 1973a
aluminium chloride
Extract with benzene S not given Maggi et a/., 1969
Extract with isoamyl alcohol S not given Sunahara & Nakagawa, 1972

8ve
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3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animals
(a) Oral administration

Mouse: Groups of 30-40 male and 36-44 female 8-week-old C3Hf mice received 0.0,
0.01, 0.03 or 0.06% rifampicin in the drinking-water with 0.05% sodium ascorbate for 60
weeks. An additional control group of 40 males and 40 females received only plain tap-water.
Two males and 4 females died during treatment; 22-29 males and 23-28 females in the 5
groups were alive at 114 weeks of age, when the study was terminated. The combined
incidences of benign and malignant liver-cell tumours in the 2 control groups and in the 3
treated groups were as follows: males, 16/40 (tap-water only), 18/30, 20/40, 21/40, 23/40;
females, 9/39, 8/40, 16/40, 27/44 (P<0.001), 29/36 (P<0.001). There were no differences
in the incidences of other types of tumour between treated and control groups of either sex
(Della Porta et a/., 1978).

in a similar experiment, groups of 41-43 male and 36-38 female 8-week-old BALB/c
mice received 0.0, 0.01, 0.03 or 0.06% rifampicin in drinking-water with 0.056% sodium
ascorbate for 60 weeks. An additional control group received only plain tap-water. The
experiment was terminated when the animals were 120 weeks of age. The median age at death
was similar among animals of the same sex in all groups. The incidence of each tumour type
was not significantly higher in treated than in control animals of either sex (Della Porta et a/.,
1978).

Rat: Groups of 19-22 male and 19-20 female 6-week-old Wistar rats received 0.0, 0.03,
or 0.06% rifampicin in drinking-water with 0.05% sodium ascorbate for 104 weeks. The
experiment was terminated when the animals were 144 weeks of age. At the end of treatment,
33 males and 43 females, equally distributed among the different groups, were still alive. The
incidence of each tumour type was not significantly different among animals of either sex in
the three groups (Della Porta et a/., 1978).

(b) Subcutaneous and/or intramuscular administration

Mouse: A group of 30 male and 30 female young aduit BALB/c mice were given 20 s.c.
injections of 0.3 mg rifampicin in saline into the axilla over 2 months and kept under
observation for 10 additional months; 2 similar groups were injected with saline or kept
untreated. No malignant tumours were observed (Bichel, 1973). [Attention is drawn to the
short duration of the experiment.]
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3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

The oral LD, s of rifampicin in rabbits, rats and mice are 2120, 1720 and in the range
of 800-885 mg/kg bw, respectively. In mice, the i.v. LD, is 260 mg/kg bw and the i.p. LD;,
is in the range of 610-640 mg/kg bw; the i.p. LD, inratsitis 550 mg/kg bw (Furesz, 1970;
Goldberg et al., 1974).

In a 4-week toxicity study, rabbits that received 400 mg/kg bw per day orally showed
considerable weight decrease and marked jaundice, together with fatty and hydropic de-
generation of livers and kidneys. Liver and kidney degeneration was also observed in dogs
that received 50 mg/kg bw per day in a 6-month chronic toxicity study; 2 dogs showed
alterations in bone-marrow megakaryocytes (Furesz, 1970).

In rats, administration of 200 mg/kg bw per day rifampicin by gastric intubation for
8 days produced a transient decrease in body weight, especially in females; 400 mg/kg bw
daily for 8 days produced a very pronounced decrease in body weight, early anorexia, apathy,
ataxia and marked dorsal hair loss. |t induced fatty liver and a significant increase in the total
cholesterol in the livers of male and female rats and in total lipids and triglycerides in the livers
of female rats (Piriou et a/., 1979).

Prenatal toxicity

Oral administration of doses over 150 mg/kg bw rifampicin to mice, rats and rabbits
during the active period of organogenesis produced spina bifida in offspring of rats and mice
and cleft palates in mouse fetuses; no effects were observed on rabbit fetuses (Tuchmann-
Duplessis & Mercier-Parot, 1969). An incidence of 59% cleft palate was observed in mouse
fetuses exposed prenatally to doses of 500 mg/kg bw per day on days 9 and 10 of gestation
(Jageretal., 1974).

Absorption, distribution, excretion and metabolism
Absorption of orally administered doses of 1.25-10 mg/kg bw rifampicin was faster in

mice and rats than in dogs: maximum blood levels were reached in approximately 90 minutes
in mice and rats and in 5-6 hours in dogs (Furesz, 1970).
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Rifampicin administered intravenously to albino mice undergoes rapid tissue distribution
(Boman, 1975a). A high untake of !4 C-rifampicin was initially observed in the liver of rats
and mice (Akimoto et a/., 1970; Boman, 1975a); in mice, lung, myocardium, brown fat,
salivary glands, gastrointestinal mucosa, pancreas and kidney all showed higher uptakes than
the blood (Boman, 1975a).

Rifampicin accumulates in melanin-containing tissues and is transferred transplacentally
(Boman, 1975b).

In male rats, following oral administration of 50 mg/kg bw !4 C-rifampicin, 21.3% and
40.6% of the dose was excreted in urine and faeces, respectively, by 48 hours (Akimoto et a/.,
1970). Elimination of the drug from plasma was rapid in rats and guinea-pigs, slower in mice
and very slow in dogs (Furesz, 1970). Two metabolites were identified in liver, bile and
faeces of rats: 25-deacetylrifampicin and N-demethylirifampicin (Akimoto et a/., 1970).
Deacetylation of rifampicin also occurs in dogs and guinea-pigs (Furesz, 1970).

Mutagenicity and other, related short-term tests

Rifampicin was not mutagenic in spot tests using reversion assays with Sa/monella
typhimurium hiss G46 and TA1532 or with Escherichia coli trp- WP2, in forward mutations
in Escherichia coli (to azetidine carboxylic acid-resistance) or in Saccharomyces cerevisiae
(to canavanine-resistance), nor in gene conversion in Saccharomyces cerevisiae. There was no
differential sensitivity of £. coli WP2 uvr AT and uvr A strains, but with the S. typhimurium
uvr B+ (D 3052) and wvr B (TA1534) strains different growth inhibition was observed
(Mitchell, 1974).

Feeding of Drosophila melanogaster males for 3 days with 0.5 mg/ml rifampicin did not
result in increased recessive lethality among the progeny (Vogel & Obe, 1973). KotiSova &
Sram (1974) obtained the same result by injecting male flies with a 0.15% rifampicin
solution.

In a dominant lethal assay, i.p. injection of 760 mg/kg rifampicin to male mice produced
no significant increase in the number of early fetal deaths in the first mating week (Epstein
etal. 1972).

No significant increase in chromosomal aberrations was found in metaphase | of meiosis
when mice were treated intraperitoneally with 150 mg/kg bw rifampicin at the preleptotene
stage of spermatocytes or at the spermatogonial stage (Sram & Kotisova, 1975).
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In human leucocytes treated in vitro with rifampicin, the chromosomes showed no
evidence of a clastogenic effect (Vogel & Obe, 1973). However, an increase in chromatid
breaks was seen when whole blood cell cultures were treated with rifampicin (Roman &
Georgian, 1977). No significant effect on chromosome breakage in HelLa cells was observed
after 30 passages of the cells in medium containing 150 ug/ml rifampicin (Klen et a/., 1973).
It has been reported (Srb et a/., 1974) that treatment with rifampicin induces no chromosome
aberrations in HEp-2 cells; however, the actual numbers of structural aberrations observed
(16 in 1098 control chromosomes; 38 in 1094 chromosomes in treated cells) would seem to
indicate a significant difference using the tables of Kastenbaum & Bowman (1970).

Rifampicin does not form a complex with isolated, double-stranded DNA (Neogy et al.,
1974). It acts by inhibiting DNA-dependent RNA polymerase, which leads to the suppression
of RNA chain synthesis (Goodman & Gilman, 1975).

(b} Humans
Toxic effects

There are numerous reports of acute renal failure due to rifampicin. A case report and a
survey of the literature are given by Nessi et a/. (1976).

Cutaneous reactions, consisting of flushing of the face and neck sometimes with itching
or arash; gastrointestinal reactions, consisting of loss of appetite, nausea, mild abdominal pain
and, occasionally, vomiting and diarrhoea; hepatitis; and thrombocytopenic purpura can
occur following rifampicin administration, irrespective of whether it is given daily or inter-
mittently. Reactions such as the ‘flu’ syndrome - i.e., episodes of fever, chills, and sometimes
headache, dizziness and bone pain starting 1-2 hours after each dose of rifampicin and lasting
up to 8 hours - collapse and shock, shortness of breath, haemolytic anaemia and renal failure
usually occur only if rifampicin is given intermittentty, and in particular if given once or twice
a week (Ferguson, 1971; Scheuer et al., 1974: Vaughan, 1977; Bedir et al., 1978; Girling &
Hitze, 1979). Ocular toxicity has also been reported (Cayley & Majumdar, 1976).

After administration of 1200 mg rifampicin daily for 14 days to healthy volunteers, the
half-life of thyroxine (T4) was decreased from 157 to 106 hours. A significant decrease in

reverse triiodothyronine (rT,) and an increase in triidothyronine (T;) were also observed
(Ohnhaus & Studer, 1980).

Prenatal toxicity

Warkany (1979) reviewed this subject and reported on 118 pregnancies of women
exposed to rifampicin in whose offspring no increase in malformation rate was observed.
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Steen & Stainton-Ellis (1977) reported on 229 pregnancies in which there was exposure
to rifampicin. There were 202 live births, 22 abortions (17 induced) and 5 intrauterine deaths.
Nine (4.5%) of the live-born children had malformations, including anencephaly (1), hydro-
cephaly (2), skeletal reduction anomalies (3), urinary anomalies (1) and a dislocated hip
(unlikely to have been produced by rifampicin). In 10 a hemorrhagic tendency was observed.

[Attention is drawn to the fact that this report did not specify the method of selecting the
treated women.]

Absorption, distribution, excretion and metabolism

After oral administration of rifampicin on an empty stomach, the absorption is rapid and
practically complete (Acocella, 1978).

Rifampicin induces drug-metabolizing enzymes in the liver (Zilly et a/., 1975). Its
apparent half-life in serum decreases after repeated administration: the half-life of rifampicin
after daily oral doses of 300 mg was 2.7 hours on day 1 and 1.5 hours on day 8 (Nitti et a/.,
1972; Acocella, 1978; Emmerson et a/., 1978). With doses above 300-450 mg, the kinetics of
elimination become non-linear, with more than proportional increases in serum concentration
and slower elimination (Acocella, 1978).

Rifampicin is excreted unchanged in urine and bile (Acocella, 1978) and is also
metabolized. The major metabolite of rifampicin is deacetylrifampicin (Maggi et a/., 1969),
which is excreted principally in bile (Maggi et a/., 1969; Acocella, 1978). Other identified
urinary metabolites are 3-formylrifampicin (Sunahara & Nakagawa, 1972; Acocella, 1978),
rifampicinquinone, deacetylrifampicinquinone and 3-formyldeacetylrifampicin (Sunahara &

Nakagawa, 1972).

Mutagenicity and other, related short-term tests

No differences were found in the frequency of chromosomal aberrations in leucocytes of
tuberculous patients before treatment and during chemotherapy with either isoniazid/
streptomycin/para-aminosalicylic acid, replaced by ethambutol after 3 months, or isoniazid/

rifampicin/ethambutol (Obe et a/., 1976).

3.3 Case reports and epidemiological studies of carcinogenicity in humans

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

Rifampicin has been tested in two strains of mice and in rats by oral administration.
It was also tested in mice by subcutaneous administration. After oral administration, it
significantly increased the incidence of benign and malignant liver-cell tumours only in female
mice of one strain; no evidence of carcinogenicity was observed in animals of the other strain.
In rats, no increased tumour incidence was found. The experiment by subcutaneous
administration was inadequate.

The available studies on mutagenicity indicated the absence of a mutagenic effect.
Rifampicin is teratogenic for mice and rats.
4.2 Human data

Rifampicin is a commonly used antimycobacterial drug. Its use in human medicine has
increased recently.

No case reports or epidemiological studies were available to the Working Group.

In a preliminary report, nine malformations occurred among the children of 229 women
exposed to the drug. (Three had defects of the central nervous system, and three had skeletal
reduction defects.)

4.3 Evaluation
In view of the /imited evidence! for the carcinogenicity of rifampicin in mice and the

absence of epidemiological studies, no evaluation of the carcinogenicity of rifampicin to
humans could be made.

1See preamble, p. 18.
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SPIRONOLACTONE

1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 52-01-7

Chem. Abstr. Name: Pregn-4-ene-21-carboxylic acid, 7-(acetylthio)-17-hydroxy-3-
oxo-, y-lactone, (7¢, 17¢)

IUPAC Systematic Name: 7o-Acetylthio-3-oxo-17a-pregn-4-ene-21,178-carbolactone

Synonyms:  B-(7a-Acetylthio-178-hydroxy)-3-oxoandrost-4-en-17a-yl)propionic acid
lactone; 7oa-acetylthio-178-hydroxy-3-oxo-17a-pregn-4-ene-21-carboxylic acid
v-lactone; 7a-acetylthio-3-oxo-178-pregn-4-ene-21, 178-carbolactone; 17-hydroxy-7a-
mercapto-3-0xo-17a-mercapto-3-oxo-17a-pregn-4-ene-21-carboxylic acid y-lactone
7-acetate; 3-(3-keto-7a-acetylthio-178-hydroxy-4-androsten-17a-yl) propionic acid
lactone; 3-(3-oxo-7a-acetylthio-173-hydroxy-4-androsten-17a-yl)propionic acid
v-lactone; 3’-(3-oxo-7a-acetylthio-178-hydroxyandrost-4-en-17p-yl)propionic acid
lactone; spiro[17H-cyclopenta(a)phenanthrene-17,2'(5'H)furan], pregn-4-ene-21-
carboxylic acid deriv.; spirolactone; spirolakton; spironolactone A; S-ester with

I

17-hydroxy-7a-mercapto-3-oxo-17a-pregn-4-ene-21-carboxylic acid, y-lactone

Trade names: Aldactazide; Aldactide; Aldactone; Aldactone A; Osiren; Osyrol;
SC 9420; SC 15983; Spiresis; Spiridon; Spiroctanie; Spirolang; Spirone; Uractone:
Verospiron; Verospirone
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1.2 Structural and molecular formulae and molecular weight

7 Y°
CH..!

2 o)

CH,

o “~SCOCH,
C,,H;,0,S Mol. wt: 416.6
1.3 Chemical and physical properties of the pure substance
From Wade (1977) or Windholz (1976), unless otherwise specified

{a) Description: Buff-coloured, crystalline powder with a slightly bitter taste
(b) Melting-point: 201-205°C (melting and resolidification at lower temperatures,

134-135°C, is sometimes noted)
(c) Spectroscopy data: Amax {in methanol) 238 nm, A(1% 1 cm) = 47. Infrared,

nuclear magnetic resonance and mass spectral data have been tabulated (Sutter

& Lau, 1975).
(d) Optical rotation: [a] E" —~33.5° (1% in chloroform)

[a] 2D ° _50.0° (1% in dioxane)
fe) Solubility: Practically insoluble in water; freely soluble in benzene and
chloroform (1 in 3); soluble in ethyl acetate, diethyl ether (1 in 100) and ethanol

(1 in 80); slightly soluble in methano! and fixed oils
(f) Stability: Sensitive to oxidation and hydrolysis

1.4 Technical products and impurities

Various national and international pharmacopoeias give specifications for the purity
of spironolactone in pharmaceutical products. For example, it is available in the US as a
USP grade containing 97.0-101.5% active ingredient on a dried basis. It is also available in
25 mg doses as tablets containing 95.0-105% of the stated amount of spironolactone (US
Pharmacopeial Convention, Inc., 1975). The British Pharmacopoeia (British Pharmacopoeia
Commission, 1973) requires a minimum content of at least 96% and includes limit tests
for a number of potential impurities, including mercapto compounds, sulphur and chromium
(see IARC, 1980). Tablets containing 25 mg and 100 mg and combination products with a
thiazide (usually hydroflumethiazide) are available (Wade, 1977). In Japan, spironolactone
is available as powders and tablets.
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2. Production, Use, Occurrence and Analysis
2.1 Production and use

{a) Production

Spironolactone was first synthesized in 1959 by the reaction of 3-(3-oxo-178-hydroxy-
4-androsten-17a-yl)propanoic acid y-lactone with chloranil and para-toluenesulphonic acid
in xylene to produce 3-(3-oxo-178-hydroxy-4,6-androstandien-17a-yl)propanoic acid lactone,
which was treated with thioacetic acid to give spironolactone (Cella & Tweit, 1959; Tweit et
al., 1962). It is not known whether this is the method used for commercial production.

Commercial production of spironolactone was first reported in the US in 1964 (US
Tariff Commission, 1965). Only one US company is believed to produce spironolactone, and
data on its production and sales are not published (see preamble, p. 21). Data on US imports
and exports are not reported separately.

The drug is believed to be produced by one company in France, one company in The
Netherlands, 2 companies in ltaly and 3 companies in the Federal Republic of Germany.
Spironolactone is not produced in Japan. Japanese imports amounted to 2.4 thousand kg in
1976, 2.9 thousand kg in 1977 and 3.3 thousand kg in 1978, all of which were imported
from the US.

(b) Use

Spironolactone is an aldosterone antagonist used for the treatment of: essential
hypertension; oedema associated with congestive heart failure; hepatic cirrhosis: the
nephrotic syndrome and idiopathic oedema; and oedema associated with hyper-
aldosteronism. It increases sodium excretion and reduces potassium excretion in the distal
renal tubules (Goodman & Gilman, 1975; Swinyard, 1975; Wade, 1977).

In the treatment of essential hypertension, 50-100 mg of spironolactone are ad-
ministered orally in divided doses daily, often in combination with a thiazide diuretic (Baker,
1979).

In the treatment of oedema, an initial dose of 100 mg is administered in divided doses
continued for at least 5 days to determine the diuretic response. If a satisfactory response is
obtained, dosage may be continued at the same or at a reduced level (American Society of
Hospital Pharmacists, 1974). The average daily dosage of spironolactone for children is
1.56-3.0 mg/kg bw (Wade, 1977; Baker, 1979).
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Spironolactone has also been used in the treatment of hypertension associated with
hyperaldosteronism (Wade, 1977).

The US Food & Drug Administration (1979) has established regulations controlling the
use of spironolactone in human medicine, because of its tumorigenic potential.

Spironolactone is reportedly used in veterinary medicine as an aldosterone antagonist
(Windholz, 1976).

2.2 Occurrence

Spironolactone is not known to occur in nature.
2.3 Analysis

Analytical methods for the determination of spironolactone based on its partition
coefficient, its phase solubility, and using ultra-violet spectrometry, colorimetry, fluorimetry
and high-pressure liquid and thin-layer chromatography have been reviewed (Sutter & Lau,
1975).

Typical methods for the analysis of spironolactone in various matrices are summarized
in Table 1. Abbreviations used are: FL, fluorimetry; UV, ultra-violet spectrometry; HPLC,
high-performance liquid chromatography; BTA, blue tetrazolium assay; and TLC/FL, thin-
layer chromatography with fluorimetry.
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Table 1. Analytical methods for spironolactone
Sample matrix Sample preparation Assay Limit of Reference
procedure detection
Formulations
Bulk Dissolve in methanol uv not given US Pharmacopeial
Convention, Inc.,
1975
Tablets Powder; triturate with uv not given US Pharmacopeial
hexane; extract with ben- Convention, Inc.,
zene; dissolve in methanol 1975
Dilute in water or ethanol HPLC not given Das Gupta &
Ghanekar, 1978
Dilute in ethanol BTA not given Das Gupta &
Ghanekar, 1978
Biological samples
Serum Add hydrochloric acid; TLC/FL 2 ug/t Van der Merwe et
extract with diethyl ether; al., 1979
add sodium hydroxide and
reextract; evaporate;
dissolve in chioroform;
develop with carbon tetra-
chioride-ethyl| acetate
Plasma, bile, Dethioacetylate under mild FL 10 ug/l Sadée et al., 1972a,

urine, gastric
fluids

acidic or alkaline conditions ;
measure fluorescence in 62%

sulphuric acid

1973
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals

Oral administration

Rat: Groups of 36 male and 36 female 7-week-old Sprague-Dawley rats received 50,
150 or 500 mg/kg bw per day spironolactone mixed in the diet for 78 weeks; a control
group of 72 males and 72 females were kept untreated. In a second experiment, groups of
30 male and 30 female rats received 0, 10, 30 or 100 mg/kg bw per day spironolactone
mixed in the diet for 104 weeks. Both studies were terminated at the end of treatment. In
the 78-week study, an excess of thyroid adenomas in animals of both sexes and of
interstitial-cell adenomas in the testis was observed with the mid- and high-dose levels. Of
males of the control, low-, mid- and high-dose groups, 0/59, 4/33, 15/31 and 18/28,
respectively, developed thyroid tumours; in females the incidences were 1/62, 1/31, 12/34
and 13/34, respectively. Testicular tumours occurred in 0/72, 0/36, 5/36 and 12/36 males,
respectively (Lumb et a/., 1978). [Due to the incomplete reporting and to several
inconsistencies in the observations, the Working Group considered that these results, although
indicating an increased incidence of tumours at certain sites in the treated animals, were
inadequate for an assessment of the overall carcinogenicity of spironolactone. The results
generate sufficient concern to indicate the urgency for further testing of this chemical.]

3.2 Other relevant biological data
(a) Experimental systems

Toxic effects

The i.p. LD, in rats, mice and rabbits was 790, 360 and 870 mg/kg bw, respectively,
while the intragastric LD, in all three species was more than 1000 mg/kg (Lumb et al.,
1978).

Pituitaries, adrenals and kidneys of rats, dogs and rhesus monkeys treated chronically
with doses in excess of 100 times the recommended human dose were not altered histo-
logically. In the rats, which received 100 and 500 mg/kg bw, the thyroid weight was
increased in a dose-related manner, and uniformly small follicles were found; the liver was
enlarged. No significant weight changes occurred in the rat testes, but maturational arrest
was found. In male rhesus monkeys, mammary acinar tissue was increased. Seminal vesicles

and prostates in the rats, dogs and monkeys were significantly reduced in weight (Lumb et
al., 1978).
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Prenatal toxicity

No defects were produced in the offspring of rats and mice given i.p. doses of up to 80
mg/kg bw SC 14266 [potassium canrenoate, which is a metabolite of spironolactone in
humans (Funder et a/., 1974; Sadée et a/., 1974)] during days 8-14 (rats) or 7-13 (mice) of
pregnancy, although with 80 mg/kg bw some resorptions occurred in mice (Miyakubo et a/.,
1977). Selye et al. (1971) reported increased resorptions in rats that received 100 mg/kg bw
daily for various periods after the 6th day of pregnancy.

Absorption, distribution, excretion and metabolism

Spironolactone is well absorbed in dogs (Sadée et a/., 1972b), rats and rhesus monkeys
(Karim et a/., 1976) after oral administration.

It is extensively metabolized, and there is considerable species variation both in the
metabolic handling and elimination of spironolactone and its metabolites (Karim et af.,
1977). The plasma half-life in dogs is less than 10 minutes (Sadée et a/., 1972c). Biliary
excretion is an important route of elimination; the total recovery in urine plus faeces
together (with the amount in faeces given in parentheses) during 6 days following a single
i.v. dose of 5 mg/kg bw was 97 (90), 88 (66) and 101 (55)% of the dose, respectively, in rats,
dogs and rhesus monkeys (Karim et a/., 1976).

Metabolites of spironolactone may be divided into those in which the sulphur of
spironolactone is removed and those in which the sulphur is retained. Canrenone (CAN) is
the primary metabolite in the first class (Karim et a/., 1977) and is a biologically active
metabolite (antimineralocorticoid) (Gochmann & Gantt, 1962; Sadée et al., 1972a). It is
further metabolized by three main pathways: (1) opening of the y-lactone ring to canrenoic
acid, which is excreted as canrenoate ester glucuronide; (2) hydroxylation to 15a-hydroxy-
CAN, 158-hydroxy-CAN and 21-hydroxy-CAN; and (3) reduction to 6,7-dihydro-CAN,
4,53,6,7-tetrahydro-CAN,  4,5¢,6,7-tetrahydro-CAN, 3B-hydroxy,4,5a-tetrahydro-CAN,
3B-hydroxy,4,58,6,7-hexahydro-CAN and 3a-hydroxy,4,586,7-hexahydro-CAN. Metabolites
in the second class are 7a-sulphoxide-spirolactones (two epimers), 7a-sulphone-spirolactone,
68-hydroxy-thiomethyl analogue and 68-hydroxy-sulphoxide. Canrenoate ester glucuronide,
21-hydroxy-CAN (excreted as a conjugate) and sulphur-containing metabolites are
quantitatively important in monkeys, while the reduced metabolites are important in dogs
(Karimet al., 1977).
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The first pathway that leads to the sulphur-containing metabolites is postulated to be
the hydrolysis of the thioacetate group of spironolactone to 7a-thio-spirolactone, followed
by S-methylation to 7a-thiomethyl-spirolactone (Karim et a/., 1977). These two compounds
have antimineralocorticoid activity in rats and dogs (Hofmann, 1974) and have also shown
affinity for aldosterone-binding proteins /n vitro (Funder et a/., 1974). Their presence in
biological fluids has not been established, but they would appear to be the precursors of the
isolated metabolites.

6,7-Dihydro-CAN also possesses aldosterone antagonist activity (Kagawa et a/., 1957).

Spironolactone induces a sex-dependent increase in hepatic microsomal enzyme activity
in rats (Stripp et a/., 1971). Pretreatment of female rats with spironolactone shortens the
half-life of its main metabolite, canrenone (Solymoss et al., 1970), protects against the
adrenal necrosis caused by injection of 7, 12-dimethylbenz[a] anthracene (DMBA) (Somogyi
et al., 1971) and delays the development and decreases the incidence of DMBA-induced
mammary tumours in rats (Kovacs & Somogyi, 1970).

Spironolactone inhibits the binding of dihydrotestosterone to its receptor in rat ventral
prostate (Pita et al., 1975).

No data on mutagenic effects were available.

(b) Humans

Spironolactone is an aldosterone antagonist, which increases sodium excretion and
reduces potassium excretion in the distal renal tubules (Goodman & Gilman, 1975; Wade,
1977).

Toxic effects

Gynaecomastia and impotence are recognized side-effects of the administration of
spironolactone in men, especially at doses exceeding 100 mg daily but also at doses of 50
mg/day (Clark, 1965; Zarren & Black, 1975; Huffman etal., 1977).

Spironolactone treatment increased the dialysable fraction of testosterone in serum
by 20% (P<0.01). Concentrations of canrenone similar to those found in serum after the
daily oral administration of 400 mg spironolactone displaced testosterone from its serum-
binding protein in vitro (Caminos-Torres et a/., 1977).
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Cytoplasmic bodies with a predominant phospholipid content were found in the cells of
the adrenal glomerulosa at post mortem in 18 patients, all of whom had been treated with
spironolactone, and not in the adrenals of 62 patients, many with similar diseases, who had
not received spironolactone (Janigan, 1963).

Absorption, distribution, excretion and metabolism

Spironolactone is absorbed rapidly: after oral administration of +100 uCi 3 H-spirono-
lactone, plasma radioactivity levels reached a maximum within 30-60 minutes. At that time,
approximately 60% of the plasma radioactivity was due to unchanged spironolactone; this
decreased with a half-life of some hours (Abshagen et a/., 1976).

Spironolactone is extensively metabolized (Karim et a/., 1975; Abshagen et al., 1976).
Approximately 90% of a radio-labelled oral dose of 500 mg was recovered in urine (53%) and
faeces (36%) within 6 days (Abshagen et a/., 1976).

The major metabolite formed is canrenone, which reaches a rapid equilibrium with
potassium canrenoate in the plasma (Sadée et a/., 1974). The half-lives of the terminal
log-linear phase of elimination of these two metabolites from plasma is about 17-22 hours
Both compounds appear to only a small extent in urine and are predominantly eliminated by
metabolism (Sadeé et a/., 1973).

Other identifed urinary metabolites are: the 6p-hydroxy-sulphoxide, which is
3-(3-ox0-7a-methylsulphinyl-68,178-dihydroxy-4-androsten-17a-yl propionic acid ~-lactone;
‘the 7a-sulphone-spirolactone, which is 17-hydroxy-7a-methyl-sulphonyl-3-oxo-17«-pregn-
4-ene-21-carboxylic acid + lactone; the 15a-hydroxy-canrenone, which is 15¢,17-dihydroxy-
3-ox0-17a-pregna-4,6-diene-21-carboxylic acid v lactone; the 7oa-sulphoxide-spirolactones
(two epimers), which are 17-hydroxy-7a-methylsulphinyl-3-ox0-17a-pregn-4-ene-21-
carboxylic acid vy lactones, and are unstable (Karim et a/., 1975); and the 68-hydroxy-7a-
methylsulphony! derivative which is the main excretion product during the first hours after
dosing (Abshagen et a/., 1976).

No data on mutagenic or teratogenic effects were available.
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3.3 Case reports and epidemiological studies of carcinogenicity in humans

In a case report {Loube & Quirk, 1975), 5 women developed breast cancer after
administration of ‘Aldactazide’ (a combination of 25 mg spironolactone plus 25 mg hydro-
chlorothiazide) for periods of 4-24 months.

From two of the earliest studies that investigated an association between reserpine and
breast cancer (Armstrong et a/., 1974; Boston Collaborative Drug Surveillance Program,
1974), data on spironolactone were subsequently reported (Jick & Armstrong, 1975). In
one of the studies (Boston Collaborative Drug Surveillance Program, 1974), 1(0.7%) of 150
breast cancer patients was a user of a spironolactone-containing drug, while in the age-
matched controls this frequency was 6 (1.0%) of 600. In the other study (Armstronget al.,
1974), the frequencies of spironolactone use were 1/708 (0.1%) in the breast cancer patients
and 2/1430 (0.1%) in age-matched controls. The overall estimate of relative risk was 0.8,
with an upper 95% one-sided confidence limit of 3.0.

Williams et a/. (1978) conducted a casecontrol study of antihypertensive drugs and
breast cancer, mainly to evaluate the previously reported association of reserpine with breast
cancer (see also monograph on reserpine, p.211). From 80,000 women screened for breast
cancer at several centres in the US, 2446 subjects were selected and questioned about their
use of antihypertensive medication and about possible confounding factors related to breast
cancer. Among the 88% who replied, there were 481 cases of breast cancer, 421 with a
negative breast biopsy, and 1268 controls without breast lesions. Previous spironolactone
use was reported by 13 cases (2.7%), by 9 with negative biopsies (2.1%) and by 26 controls
(2.0%). Two cases (0.4%) and 7 controls (0.6%) had used spironolactone for 5 years or
more. The relative risk of breast cancer for spironolactone versus no drug, adjusted for age,
race and screening centre location, was 1.4 for use ever and 0.5 for therapy of 5 or more
years’ duration.

Data were also available from a hypothesis-seeking retrospective cohort study in which
95 commonly used drugs were tested for association with primary cancers at each main site
(Friedman & Ury, 1980). As part of this study, 1475 persons who had received at least one
dispensed prescription for spironolactone between 1969 and 1973 were followed up for
cancer development through 1976. Expected cases were based on age- and sex-specific
incidence rates for all the 143,574 subscribers to a medical care programme who had received
prescriptions from the same pharmacy during the same period. Among spironolactone
users, 9 cases of breast cancer were observed and 8.3 were expected. In these screening
analyses, in which a number of nominally significant associations may have appeared by
chance, statistically significant excesses among spironolactone users were noted only for
pharyngeal cancer (2 observed and 0.1 expected, P<0.01) and for all cancers combined (84
observed and 63.1 expected, P<0.05). The excess of all cancers, 21 cases, was partly
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explained by an excess of 9 cases of prostatic cancer, most of which were diagnosed within 2
years of first mention of use of the drug. [This type of screening study does not include
consideration of some important confounding variables, dose-response relationships, and
other factors of interest in evaluating drug-cancer associations.]

4. Summary of Data Reported and Evaluation

4.1 Experimental data

Spironolactone was tested by oral administration in two experiments in rats. An
increased incidence of thyroid and testicular tumours was reported in one experiment but not
in another experiment of longer duration with lower doses.

Attention is drawn to the absence of studies on the teratogenicity and mutagenicity of
this compound.

4.2 Human data

Spironolactone is an aldosterone antagonist commonly used as a potassium-sparing
diuretic.

Five cases of breast cancer were reported in women who had used a drug containing

spironolactone. Four analytical studies, however, showed no consistent evidence of an
association.

4.3 Evaluation

The experimental studies, while providing /imited evidence! of a carcinogenic effect,
were difficult to interpret because of inadequacies and inconsistencies in reporting. Epi-
demiological studies have not confirmed the suspicion raised by case reports that
spironolactone may cause breast cancer in humans. The data are insufficient, however, to
permit confident exclusion of such an effect.

1See preamble, p. 18.
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SULFAFURAZOLE (SULPHISOXAZOLE)

1. Chemical and Physical Data
1.1 Synonyms and trade names:
Chem. Abstr. Services Reg. No.: 127-69-5
Chem. Abstr. Name: Benzenesulfonamide, 4-amino-N-(3,4-dimethyl-5-isoxazolyl)-
IUPAC Systematic Name: N’-(3,4)Dimethylisoxazol-5-yl-sulphanilamide

Synonyms: 5-(para-Aminobenzenesulphonamide)-3,4-dimethylisoxazole; 4-amino-V-
(3,4-dimethyl-5-isoxazolyl)benzenesulphonamide; 5-(4-aminophenylsulphonamido)-
3,4-dimethylisoxazole; 3,4-dimethylisoxazole-5-sulphanilamide; N'-(3,4-dimethyl-
5-isoxazolyl)sulphanilamide; 3,4-dimethyl-5-sulphanilamidoisoxazole; 3,4-dimethyl-
5-sulphonamidoisoxazole; sulphadimethylisoxazole; sulphafuraz; sulphafurazol;
sulphafurazole; sulphafurazolum; sulphaisoxazole; 5-sulphanilamido-3,4-dimethyl-
isoxazole; sulphisoxazol; sulphofurazole

Trade names: Accuzole; Alphazole; Amidoxal; Astrazolo; Azo Gantrisin; Azo-
sulfizin; Bactesulf; Barazae; Chemouag; Dorsulfan; Entusil; Entusul; Ganda;
Gantrisin; Gantrisine; Gantrisona; Gantrosan; Isoxamin; J-Sul; Koro-Sulf;
Neazolin; Neoxazol; Norilgan-S; Novazolo; Novosaxazole; NU 445; Pancid;
Renosulfan: Resoxol; Roxosul; Roxoxol; Saxosozine; Sodizole; Sosol;
Soxamide; SK - Soxazole; Soxisol; Soxitabs; Soxo; Soxomide; Stansin; Sulbio;
Sulfagan; Sulfagen; Sulfalar; Sulfapolar; Sulfasan; Sulfasol; Sulfazin; Sulfazole;
Sulfisin: Sulfizin; Sulfizol; Sulfizole; Sulfoxol; Suloxsol; Sulsoxin; Thiasin;
TL-azole; Unisulf; Urisoxin; Uritrisin; Urogan; U.S.-67; Vagilia; V-Sul
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1.2 Structural and molecular formulae and molecular weight

H,N—@—SO,NH N
|

CH; CH,

C,,H,3N,;0,5 Mol. wt: 267.3
1.3 Chemical and physical properties of the pure substance

From Wade (1977), unless otherwise specified

fa) Description: White, odourless, crystalline powder with a slightly bitter taste
(b) Melting-point: 195-198°C

(c)] Spectroscopy data: Amax (in phosphate buffer pH 7.5) 253 nm, A(1%, 1 cm) = 79.
Infrared, nuclear magnetic resonance and mass spectral data have been tabulated
(Rudy & Senkowski, 1973).

(d) Solubility: Practically insoluble in water: soluble in ethanol (1 in 50), chloroform

(1 in 1000), diethyl ether (1 in 800), acetone, 5% aqueous sodium bicarbonate

(1 in 30) and dilute hydrochloric acid
fe) Stability: Sensitive to oxidation and light

1.4 Technical products and impurities

Various national and international pharmacopoeias given specifications for the purity
of sulfafurazole in pharmaceutical products. For example, it is available in the US as a USP
grade containing 99.0-101.0% active ingredient calculated on the dried basis. Specifications
are given for the melting point range (194-199°C), the loss on drying (not to exceed 0.5%),
and residue on ignition (limited to 0.1%). Selenium content should not exceed 0.003% and
heavy metals should not exceed 0.002%. It is available in 500 mg doses as tablets containing

95.0-105.0% of the stated amount of sulfafurazole (US Pharmacopeial Convention, Inc.,
1975). '

In the British Pharmacopoeia, sulfafurazole contains not less than 99% and complies
with a thin-layer chromatography test for related sulfonamide-based impurities (British

Pharmacopoeia Commission, 1973). It is also available in the UK in 500 mg doses as tablets
(Wade, 1977).
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In Japan, sulfafurazole is available in tablets, powder, syrups and as 10 and 20% injec-
tions.

2. Production, Use, Occurrence and Analysis
2.1 Production and use

(a) Production

Sulfafurazole was first synthesized in 1947 by Wuest and Hoffer (Windholz, 1976).
In one reported method for its manufacture, para-acetaminobenzene sulphony! chloride is
condensed with 3,4-dimethyl-6-amino-isoxazole in pyridine to give 5-acetaminobenzene-
sulphonylamino-3,4-dimethylisoxazole. The acetyl group is then removed by treatment with
20% hydrochloric acid to give sulfafurazole. It is not known whether this is the method
used for its commercial production.

Commercial production of sulfafurazole was first reported in the US in 1965 (US
Tariff Commission, 1967). Only one US company currently manufactures an undisclosed
amount (see preamble, p. 21) (US international Trade Commission, 1979a). US imports
of sulfafurazole through the principal US customs districts amounted to 23.9 thousand kg
in 1978 (US International Trade Commission, 1979b). Data on US exports of sulfafurazole
are not available.

One company in ltaly is believed to produce the compound.

Sulfafurazole has been produced in Japan since 1965. The production from the single
manufacturer is estimated to have been 5 thousand kg in 1976, 18 thousand kg in 1977 and
10 thousand kg in 1978. There is no evidence of Japanese imports or exports in recent years.

(b) Use

Sulfafurazole is widely used in human medicine as a short acting, rapidly absorbed
sulfonamide, particularly for the treatment of urinary tract infections caused by susceptible
organisms (usually Escherichia coli, Klebsiella aerobacter, Staphylococcus, Proteus mirabiles
and, less frequently, Proteus vulgaris). |t is also used in the treatment of vaginitis and may be
used in the prevention of meningitis. It may also be used alone or with various other drugs
for the treatment of toxoplasmosis, trachoma, inclusion conjunctivitis, nocardiosis,
chancroids, and chloroquinine-resistant malaria. It is usually administered orally as an initial
dose of 4 g followed by 1-2 g every 4-6 hours. The dosage for children over 2 months of age
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is 75 mg/kg bw initially, then 150 mg/kg bw in divided doses every 4 hours (maximum, 6 g
daily). As a treatment for vaginitis, a 10% cream is used in a 2.5-5.0 ml dose twice daily
(Goodman & Gilman, 1975; Harvey, 1975; Wade, 1977).

Sulfafurazole is used as an intermediate in the manufacture of its diethanolamine salt
(sulphisoxazole diolamine; Nu 445; Gantrisin diethanolamine; Suladrin; Sulfium) and its
N!-acetyl derivative (sulphisoxazole acetyl: Lipo Gantrisin), both of which are also used as

antibacterial agents. It reportedly has been used as an antimicrobial agent in veterinary
medicine (Windholz, 1976).

2.2 Occurrence

Sulfafurazole is not known to occur in nature.

2.3 Analysis

Analytical methods for the determination of sulfafurazole based on phase solubility,
thin-layer chromatography, spectrometry, colorimetry, fluorimetry and titrimetric analysis
have been reviewed (Rudy & Senkowski, 1973). Typical methods for the analysis of sulfa-
furazole in various matrices are summarized in Table 1. Abbreviations used are: T, titri-

metric analysis; FL, fluorimetry; and HPLC/UV, high performance liquid chromatography
with ultra-violet detection.

Table 1. Analytical methods for sulfafurazole

Sample matrix Sample preparation Assay Limit of Reference
procedure detection

Formulation Dissolve in dimethyiformamide; T not given US Pharmacopeial
add solution of thymol blue in {sodium methoxide) Convention, Inc.,
dimethylformamide 1975

Plasma Form derivative (such as FL 0.3 mg/lor de Silva &
dansylsulphonamide) or react 6 mg/l, D'Arconte,
with 4,6-methylene-dioxy- respectively 1969

phthalaldehyde to form
phthalimidine derivative

Vortex-mix with acetonitrile HPLC/UV 2.0 mg/l Penget al., 1977
and centrifuge
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals
(a) Oral administration

Mouse: Groups of 50 male and 50 female 7-week-old BEBC3F mice received by gavage, 0,
500 or 2000 mg/kg bw sulfafurazole (USP grade) suspended in 0.5% aqueous carboxymethyl
cellulose, 7 days per week for 103 weeks; an additional control group was kept untreated.
The experiment was terminated when the animals were 111-113 weeks of age. The survival
rate was similar in all groups. Although variations in tumour incidences were observed, no
significant differences attributable to treatment were found for any tumour type (National
Cancer Institute, 1979).

Rat: Groups of 50 male and 50 female 5-week-old Fischer 344 rats received by gavage
0, 100 or 400 mg/kg bw sulfafurazole (USP grade) suspended in 0.5% aqueous carboxy-
methyl cellulose, 7 days per week for 103 weeks; an additional control group was kept
untreated. The experiment was terminated when the animals were 109-111 weeks of age.
No significant differences attributable to treatment were found for any tumour type (National
Cancer Institute, 1979).

3.2 Other relevant biological data

(a) Experimental systems

Toxic effects

The oral LD,, of sulfafurazole is more than 1.0 g/kg bw in rabbits (Schnitzer et al.,
1955) and 6.8 g/kg bw in mice. The oral LD, , of sodium sulfafurazole in mice is 10 g/kg bw
(Windholz, 1976).

Prenatal toxicity

When mice and rats were administered 1000 mg/kg bw sulfafurazole orally. on days
7-12 and 9-14 of pregnancy, respectively, a significant increase in cleft palate and skeletal

defects was found in offspring of both species; in addition, mandibular defects were present
in the rat fetuses (Kato & Kitagawa, 1973).
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Absorption, distribution, excretion and metabolism

An oral dose of 1g/kg bw was absorbed rapidly in mice, and peak plasma levels of ap-
proximately 2.0 mg/ml were achieved 1 hour after administration (Nishimura et a/., 1958).
In dogs, 7582 and 88-96% of oral (a 250 mg tablet) and i.v. (9 mg/kg bw) doses were
recovered, respectively, in the urine within 24 hours (Osbaldiston & Walker, 1972).

Mutagenicity and other, related short-term tests

Sulfafurazole was not mutagenic in Escherichia coli Sd-4-73 when tested in the absence
of a metabolic activation system (Szybalski, 1958).

(b) Humans
Toxic effects

Adverse reactions severe enough to require discontinuation of sulfafurazole adminis-
tration occurred with an incidence of 3.1% in a series of 1002 treated patients. Skin rashes,
eosinophilia and drug fever were the common manifestations (Koch-Weser et al., 1971).

Prenatal toxicity

Sulfafurazole has been shown to transfer into the amniotic fluid during early fetal life
(Blum et al., 1975). Mellin (1964) found no increase in the defect rate when mothers were
treated in the first trimester. Heinonen et a/. (1977), who examined records of 796 offspring
of mothers treated in the first 4 lunar months of pregnancy, also found no increase in mal-
formation rate. '

Absorption, distribution, excretion and metabolism

Absorption of sulfafurazole is rapid and essentially complete. In fasted subjects given
oral doses of 4.0 g of the sodium salt in solution, peak plasma levels occurred within the first
30 minutes after dosing (Van Petten et a/., 1971). The half-life of sulfafurazole is approxi-
mately 6 hours (Nelson & O’Reilly, 1960: Kaplanetal., 1972).

Urinary excretion of drug following a dose of 2.0 g (oral, i.v. or i.m.) is greater than 90%
of the dose; 40-60% is excreted unchanged as sulfafurazole (Kaplan et a/., 1972). Identified
urinary metabolites of sulfafurazole are acetylsulphisoxazole, sulphisoxazole-N-glucuronide,
sulphisoxazole-N-sulphonate and sulphanilamide (Uno & Kono, 1960, 1962).
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No data were available on the mutagenicity of sulfafurazole in humans.
3.3 Case reports and epidemiological studies of carcinogenicity in humans

In a hypothesis-seeking study involving determination of the incidence of all forms of
cancer in relation to drug exposure in 143,574 members of a health plan, no significant excess
of any cancer was observed in 11,659 subjects who had received sulfafurazole. Follow-up
was for a minimum of 3 years (Friedman & Ury, 1980). [About 54,000 person-years of
follow-up would have been accumulated by subjects given sulfafurazole. Data on the age and

sex distributions of the exposed subjects and the doses and durations of use of the drug were
not given.]

4. Summary of Data Reported and Evaluation

4.1 Experimental data

Sulfafurazole was tested in mice and rats by oral administration: no increases in tumour
incidences were observed.

No adequate studies of mutagenicity were available.
It is teratogenic for mice and rats.
4.2 Human data

Sulfafurazole is one of the most commonly used sulfonamide drugs in the treatment
of urinary tract infections. lIts production has remained stable during recent years.

In one hypothesis-seeking epidemiological study, no association was observed between
sulfafurazole use and any cancer.

In two large studies of women exposed during pregnancy, no increase in malformation
rate was observed in the offspring.

4.3 Evaluation

The data from studies in experimental animals and in humans were not indicative of a
carcinogenic effect but were not sufficient for an evaluation of the carcinogenicity of
sulfafurazole to humans.
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SULFAMETHOXAZOLE
1. Chemical and Physical Data
1.1 Synonyms and trade names
Chem. Abstr. Services Reg. No.: 72346-6
Chem. Abstr. Name: Benzenesulfonamide, 4-amino-N-(5-methyl-3-isoxazolyl)-
IUPAC Systematic Name: N*“(5-Methylisoxazol-3-yl)sulphanilamide

Synonyms: 3-para-Aminobenzenesulphonamido-5-methylisoxazole; 4-amino-N-(5-
methyl-3-isoxazolyl)benzene sulphonamide; 3-(para-aminophenylsuiphonamido)-5-
methylisoxazole; N!-(5-methyl-3-isoxazolyl)sulphanilamide; 5-methyl-3-sulphanil-
amidoisoxazole; sulphamethalazole; sulphamethoxazol; sulphamethoxazole; sulpha-
methoxizole: sulphamethylisoxazole; 3-sulphanilamido-5-methylisoxazole; sulphiso-
mezole

Trade names: Azo-Gantanol; Bactrim; Co-trimoxazole; Eusaprim; Fectrim;
Gantanol; Metoxal; MS 53; Radonil; Ro 4-2130; Septra; Septran; Septrin;
Sinomin; Trib; Trimetoprim-Sulfa

1.2 Structural and molecular formuale and molecular weight

H@so,nun

N0~ ~CHy

C,,H,,N,0,S Mol. wt: 253.3
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1.3 Chemical and physical properties of the pure substance
From Wade (1977), unless otherwise stated

(a) Description: White or yellowish-white, odourless, crystalline powder

(b) Melting-point: 169-172°C

(c) Spectroscopy data: Amax (in phosphate buffer pH 7.5) 266-257 nm, A(1%, 1cm)
= 68. Infrared, mass spectral and nuclear magnetic resonance data have been

tabulated (Rudy & Senkowski, 1973).
(d) Solubility: Practically insoluble in water; soluble in ethanol (1 in 50), acetone

(1 in 3) and aqueous alkaline hydroxides; practically insoluble in chloroform and

diethyl ether
(e) Stability: Sensitive to oxidation and light

1.4 Technical products and impurities

Various national and international pharmacopoeias give specifications for the purity
of sulfamethoxazole in pharmaceutical products. For example, it is available in the US as
a NF grade containing 98.5-101.0% active ingredient on a dried basis. The loss on drying at
105°C for 4 hours should not exceed 0.5%; the residue on ignition should not exceed 0.1%;
and the amount of selenium should not exceed 0.003%. A thin-layer chromatographic trace
test is outlined for sulphanilamide and sulphanilic acid. Sulfamethoxazole is available as
an oral suspension containing 500 mg active ingredient (95.0-110.0% of the stated amount)
in 5 ml solution, and in tablets as 500 mg doses containing 95.0-105.0% of the stated
amount (National Formulary Board, 1975).

In the British Pharmacopoeia (British Pharmacopoeia Commission, 1973), specifications
require a purity of not less than 99%; it also includes a limit test for related substances
based on thin-layer chromatography.

In the US, UK and most other western European countries, sulfamethoxazole is
available in a combination with trimethoprim called Co-trimoxazole (5 parts sulfamethox-
azole and 1 part trimethoprim); this formulation is available as tablets, injections and
mixtures (Wade, 1977).
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2. Production, Use, Occurrence and Analysis
2.1 Production and use

{a) Production

A method of preparing sulfamethoxazole was first reported in 1957 (Windholz, 1976).
One method involves the condensation of N-acetyl-para-aminobenzenesulphonyl chloride
with 5-methyi-3-aminoisoxazole in pyridine. The acetyl group is then cleaved to yield sulfa-
methoxazole (Sittig, 1979). It is not known whether this is the method used for its
commercial production.

Sulfamethoxazole reportedly was introduced in the US in 1959 (Sittig, 1979), but
commercial production was not reported until 1965 (US Tariff Commission, 1967). Only
one US company currently manufactures an undisclosed amount (see preamble, p. 21) (US
International Trade Commission, 1978). US imports of sulfamethoxazole through the
principal US customs districts amounted to 7840 kg in 1978 (US International Trade
Commission, 1979).

The drug is believed to be produced by 3 companies in Italy and 1 in the UK.

Sulfamethoxazole is produced by a single Japanese company; annual production was
60 thousand kg in 1976, 49 thousand kg in 1977, and 69 thousand kg in 1978. During
those years, Japan imported an average of 3 thousand kg per year from Switzerland.

(b) Use

Sulfamethoxazole is an antibacterial agent used primarily in the treatment of urinary
tract infections caused by susceptible organisms (usually Escherichia coli, Klebsiella
aerobacter, Staphylococcus, Proteus mirabilis, and, less frequently, Proteus vulgaris). 1t may
be used in the prevention of susceptible meningitis and may also be used alone or with
various other drugs for the treatment of gonorrhoea, respiratory infections, toxoplasmosis,
brucellosis, trachoma, inclusion conjunctivitis, nocardiosis, chancroids and acute otitis
media. The drug is used in an initial dose of 2 g, followed by 1 g 2 or 3 times per day. A
total daily dose of 3 g should not be exceeded. Children are given 50-60 mg per kg bw
initially, followed by 25-30 mg/kg bw twice daily (Goodman & Gilman, 1975; Harvey,
1975: Wade, 1977; Baker, 1979).
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Sulfamethoxazole in combination with trimethoprim is the sulfonamide most com-
monly used around the world. It is also used in combination with pyrimethamine in the
treatment of chloroquine-resistant falciparum malaria (Harvey, 1975).

2.2 Occurrence

Sulfamethoxazole is not known to occur in nature.
2.3 Analysis

Analytical methods for the determination of sulfamethoxazole based on phase solu-
bility, thin-layer chromatography, spectrophotometry, colorimetry, fluorimetry and titri-
metric analysis have been reviewed (Rudy & Senkowski, 1973). Typical methods for the
analysis of sulfamethoxazole in various matrices are summarized in Table 1. Abbreviations

used are: T, titrimetric analysis; NMR, nuclear magnetic resonance; and HPLC/UV,
high-performance liquid chromatography with ultra-violet detection.

Table 1. Analytical methods for sulfamethoxazole

Sample Assay Limit of

matrix Sample preparation procedure detection Reference

Formulations Dissolve in glacial acetic T not given National Formulary Board,
acid; add water and 1975

hydrochloric acid; ti-
trate with sodium
nitrate solution

Powder; dissolve in NMR not given Rodriguez et al., 1977
dimethyl sulphoxide-d ;
centrifuge
Biological

samples

Serum Dilute with water; HPLC/UV 0.5 mg/ Vree et al., 1978a
add perchloric acid;
centrifuge

Urine Add perchloric acid HPLC/UV 10 mg/l Vree et al., 1978a
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals
Oral administration

Rat: Groups of 25-26 male and 24-25 female Charles River CD rats received 25, 50,
150, 300 or 600 mg/kg bw/day sulfamethoxazole mixed with the diet for 60 weeks, at
which time the animals were killed; two groups of 50 rats were kept untreated. At the end
of the treatment, some of the animals were sacrificed and thyroid nodules or adenomas were
observed in treated males and females combined as follows: 0/28, 7/30, 20/29, 19/27, 23/
23. Lung metastases were observed in 4 rats of the three higher dose groups. No thyroid
tumours were observed in the two control groups of 28 and 26 rats that were sacrificed
(Swarm et al., 1973). [Attention is drawn to the short duration of the study and the
absence of information on tumours other than of the thyroid.]

3.2 Other relevant biological data
(a) Experimental systems

The administration of sulfamethoxazole to rats, mice and dogs produces thyroid
hyperplasia, as a result of the release of the pituitary thyroid stimulating hormone. The
goitrogenic effect of this sulfonamide does not occur in monkeys (Swarm et a/., 1973).

No data on prenatal effects were available.
Absorption, distribution, excretion and metabolism

An oral dose of 1.0 g/kg bw sulfamethoxazole is absorbed rapidly in mice, and peak
plasma levels of approximately 1.0 mg/ml were achieved 1 hour after administration. The
plasma elimination half-life is approximately 6 hours. Tissue distribution studies in rats
showed high concentrations of sulfamethoxazole in kidney, lung, liver, spleen and brain.
The rate of elimination of the drug from these tissues paralleled that from the blood
(Nishimura et a/., 1958).

Mutagenicity and other, related short-term tests

No chromosome aberrations were observed in human lymphocytes treated with sulfa-
methoxazole in vitro (Stevenson et al/., 1973). Sulfamethoxazole in combination with
trimethoprim also had no effect on chromatid breaks in human fibroblasts in vitrc
(Byarugaba et a/., 1975).
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(b) Humans
Toxic effects

Adverse reactions severe enough to require discontinuation of sulfamethoxazole
administration occurred with an incidence of 3.3% in a series of 359 treated patients. Skin
rashes, eosinophilia and drug fever were the common manifestations. No adverse effects on
the thyroid were observed (Koch-Weser et a/., 1971; Swarm et a/., 1973).

Prenatal toxicity

Sulfamethoxazole crosses the human placenta and reaches a peak at 10 hours. After a
few gestational weeks, the concentration of sulfamethoxazole is lower in amniotic fluid and
in the foetus than in maternal serum (Reid et a/., 1975). Williams et a/. (1969) treated
120 pregnant women and found no increase in defects in their offspring; only 10 of the
women were treated before the 16th week. Heinonen et a/. (1977) reported no increase in
malformation rates in the offsping from 46 pregnancies when treatment was given in the
first 4 lunar months.

Absorption, distribution, excretion and metabolism

Absorption of an orally administered dose of 800 mg sulfamethoxazole in combination
with 160 mg trimethoprim is virtually complete (Schwartz & Rieder, 1970), and peak
plasma levels (40-60 ug/ml) are achieved between 2 and 4 hours after administration of solid
dosage forms (Bach et a/., 1973; Nolte & Buttner, 1974).

The plasma half-life of sulfamethoxazole, whether administered alone or in com-
bination with trimethoprim (Bactrim®, etc.), is about 9 hours (Schwartz & Rieder, 1970;
Nolte & Biittner, 1974).

Elimination of sulfamethoxazole and its metabolites from the body takes place by
urinary excretion and is practically complete within 96 hours (Schwartz & Rieder, 1970);
it is not significantly affected by the subject’s acetylation phenotype (Vree et a/., 1978b).
N*-Acetylsulfamathoxazole is the major metabolite (Nishimura et a/., 1958). Other identi-
fied urinary metabolites are sulfamethoxazole-V! .glucuronide (Ueda & Kuribayashi, 1964),
sulfamethoxazole-NV2‘-glucuronide (Ueda et a/., 1967) and hydroxysulfamethoxazole (Ueda
etal., 1971).
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Mutagenicity and other, related short-term tests

Administration of sulfamethoxazole in combination with trimethoprim to patients
(adults or children) in therapeutic doses (about 2 g per day) did not increase the frequency
of chromosome aberrations in peripheral lymphocytes (Stevenson et al., 1973; Gebhart,
1973, 1975a,b).

3.3 Case reports and epidemiological studies of carcinogenicity in humans

Data were available only from a hypothesis-seeking, retrospective cohort study in
which 95 commonly used drugs were tested for association with primary cancers of each
main site (Friedman & Ury, 1980). As part of this study, 1709 subjects received at least one
prescription for sulfamethoxazole between 1969 and 1973 and were followed up for cancer
development through 1976. Expected numbers of cancers were based on age- and sex-
specific incidence rates for all 143,574 individuals who had received prescriptions from
the same pharmacy during the same period. In the screening analyses, in which a number
of nominally significant associations may have appeared by chance, statistically significant
excesses among sulfamethoxazole users were noted for nasopharyngeal cancer (3 cases
observed and 0.1 expected; P<0.002) and cervical cancer (7 cases observed and 2.2
expected; P<0.05). A possible explanation of the latter association is sexual activity, which
is related to both cervical cancer and to urinary infection for which sulfamethoxazole
is used. There was no associaton with all cancers combined (42 observed and 43.9 expected).
[This type of screening study does not include consideration of some important con-
founding variables, dose-response relationships, and other factors important in evaluating
drug-cancer associations.]

4. Summary of Data Reported and Evaluation

4.1 Experimental data

Sulfamethoxazole was tested in one experiment in rats by oral administration: it
produced thyroid tumours.

No mutagenic effects were observed. Attention is drawn to the absence of studies on
the teratogenicity of this compound.

4.2 Human data

Sulfamethoxazole is commonly used in the treatment of urinary-tract infections.
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In one hypothesis-seeking epidemiological study, an association between sulfametho-
xazole use and nasopharyngeal and cervical cancers was noted.

4.3 Evaluation

There is /imited evidence! for the carcinogenicity of sulfamethoxazole in experi-
mental animals. The epidemiological data were insufficient.

No evaluation of the car-
cinogenicity of sulfamethoxazole to humans could be made.

1Gee preambile, p. 18.
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GENERAL CONSIDERATIONS ON N—NITROSATABLE DRUGS

Introduction

Many N-nitroso compounds (nitrosamines and nitrosamides) have been shown to be
carcinogenic in experimental animals (IARC, 1978). The formation of N-nitroso
compounds is theoretically possible with all compounds that contain amino groups. Secon-
dary amines react directly; tertiary and, in some cases, primary amines may react by more
complicated mechanisms. Since the endogenous formation of N-nitroso compounds from
nitrosatable amine precursors and nitrosating agents, such as nitrite or nitrous gases, is not
usually taken into account in carcinogenicity tests of the parent compound, additional
investigations are necessary to evaluate this possible hazard.

The possibility that N-nitroso compounds are formed in vivo was first discussed by
Druckrey & Preussmann (1962) and was first demonstrated in animal experiments by
Sander & Burkle (1969). Several detailed reviews on the subject are available (Mirvish,
1975; WHO, 1977; IARC, 1978; Olajos & Coulston, 1978; WHO, 1978).

Chemistry of N-nitrosation

The formation of nitrosamines from secondary amines and nitrite at acid pH can be
described by the following equation:

AN Ht N 0

+ -
NH + NaNO, > N —NZ +Na + OH

/

R, R

In reality, the chemistry of this reaction is much more complicated (Ridd, 1961;
Challis & Butler, 1968; Fridman eta/., 1971). For amines, the effective nitrosating agentis
N, O,, which is formed from nitrite in acidic aqueous media. Only the free, unprotonated
amine, and not the amine salt, is available for nitrosation. As a result, the reaction rate is
heavily dependent on pH: low pH favours formation of N, O, from nitrite, but also favours
protonation of the amine; at higher pH free amine is available, but N,0, formation is
reduced. It follows that the nitrosation of basic amines shows a pH optimum (usually pH
3.0-3.5) and is dependent on the basicity (pKa) of the amine.
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The data in Table 1 demonstrate that less basic amines are much more easily nitrosated
at the pH optimum than are strongly basic amines.

Table 1. Rate constants of nitrosation of amines with nitrite at optimal pH and 25°Ca

Amine pKa Optimal Rate constant
pH K, {mol? x sec™!)
Piperidine 11.2 3.0 0.00045
Dimethylamine 10.7 34 0.0017
N-Methylbenzylamine 9.5 3.0 0.013
Morpholine 8.7 34 0.42
Mononitrosopiperazine 6.8 3.0 6.7
Piperazine 5.6 3.0 83

9 From Mirvish, 1975

The nitrosation of weakly basic secondary amides has in general no pH optimum: as
the pH changes from 3 to 1, nitrosation increases by a factor of 10 per pH unit. The nitro-
sating agent is mainly the nitrosyl cation Not.

Contrary to some opinion, tertiary amines may also undergo nitrosation (Hein, 1963;
Smith & Loeppky, 1967). The reaction rate, however, is usually appreciably lower than
that of the nitrosation of secondary amines and is maximal at weakly acid pH {(pH 3-6). The
nitrosative cleavage of a C-N-bond probably leads to immonium intermediates, which
either hydrolyse to form a secondary amine (Smith & Loeppky, 1967) or react directly with

nitrite to form nitrite esters, which rearrange to form the nitrosamine (Lijinsky et a/.,
1972a).

Catalysis

Nitrosation reactions can be catalysed by a variety of chemicals. Chloride and thio-
cyanate ions are simple inorganic catalysts (Boyland et al., 1971; Fan & Tannenbaum,
1973), which probably act by forming highly reactive nitrosy! halides or analogous com-
pounds, such as nitrosyl thiocyamates {Challis & Butler, 1968). Chloride is a normal com-
ponent of the stomach fluid, and thiocyanate is present in saliva.
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Aldehydes such as formaldehyde, chloral {Keefer & Roller, 1973), benzaldehyde and,
especially, pyridoxal (vitamin B,) (Archer et a/., 1976) catalyse nitrosation reactions,
probably by the formation of nitrite esters via methylene-immonium intermediates. The
esters then rearrange to form nitrosamine and aldehyde. It is important to note that
formaldehyde catalysis also leads to nitrosamine formation in neutral and even strongly
alkaline media (Keefer & Roller, 1973).

Diphenols, such as 4-methylcatechol, are also effective catalysts (Challis & Bartlett,
1975; Davies et al., 1978; Pignatelli et a/., 1980), as are micelle-forming surface-active
compounds, such as lecithin (Okun & Archer, 1976). Bacteria have also been shown to cata-
lyse nitrosation reactions (Archer et al., 1978).

Inhibition

Competition by inhibitors for the nitrosating agent may prevent nitrosamine formation
or decrease reaction yields. Ascorbic acid is probably the most effective inhibitor (Mirvish
et al., 1972); a reaction between ascorbic acid and the nitrosating agent forms NO from
N,O, and dehydroascorbic acid (Dahn et a/., 1960). Another important nitrosation in-
hibitor is a-tocopherol (Mergens et a/., 1978).

Examples of other compounds that compete with nitrosatable amines for available
nitrite are amino acids, urea, amidosulphonic acid and primary amines. The simultaneous
presence, for example, of primary and secondary amino groups in a nitrosation mixture
often favours N-nitrosation over deamination (Paulsen & Méckel, 1969; Mirvish, 1971).

N-Nitrosation in vivo

Many experiments in animals, and some observations in humans, have shown that
nitrosation reactions can occur /n vivo, mainly in the stomach. Their occurrence, however,
depends on the relative concentrations of substrates, catalysts and inhibitors, and is in-
fluenced by the inhomogeneity of the stomach contents, by pH and by many other factors.
Thus, quantitative prediction of nitrosation rates and yields /n vivo is impossible.

One substrate, nitrite, is a normal constituent of human saliva. |ts concentration
depends largely on the nitrate intake in food and drinking-water. After reabsorption from
the gut, dietary nitrate is partially secreted via the salivary glands into the mouth, where
about 20% is reduced to nitrite by bacteria (Spiegelhalder et a/., 1976; Tannenbaum et al.,
1974, 1976). Recent investigations by Tannenbaum et a/. (1978) have indicated that
nitrite may also be formed in the gut by heterotrophic nitrification from ammonia. The
practical relevance of this nitrite source is, however, uncertain.
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The other class of substrate, amines, are present, with both catalysts and inhibitors,
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in food. Drugs may also contain nitrosatable amines.

Nitrosation of drugs

Lijinsky et al. (1972b,c) showed that amine-containing drugs may react with nitrite
to form N-nitroso compounds. As would be expected, reactivity varies considerably within

this group of chemicals. A selection of relevant data is given in Table 2.

Table 2. Some N-nitroso compounds formed from drugs

Drug

N-Nitroso compound formed

Reference

Piperazine

Phenmetrazine

Ephedrine

Ethambutol

Chlordiazepoxide

Phenacetin

Aminophenazone

Oxytetracycline

Chlorpromazine

Dextropropoxyphene

Chiorpheniramine

Mono- and dinitrosopiperazine

N-Nitrosophenmetrazine

N-Nitrosoephedrine

Dinitrosoethambutol

N-Nitrosoderivative and rearrangement
products

N-Nitroso-2-nitro-4-ethoxyacet-
anilide and other products

N-Nitrosodimethylamine

N-Nitrosodimethylamine

N-Nitrosodimethylamine

N-Nitrosodimethylamine

N-Nitrosodimethylamine

Mirvish (1975)

Greenblatt et a/. (1972);
Mirvish (1975}

Wogan et a/. (1975);

Eisenbrand et a/. (1978);

Kinawi & Schuster
(1978)

Montesano et a/. (1974)

Walser et /. (1974);
Mirvish (1975)

Eisenbrand &
Preussmann (1975)

Lijinsky et a/. (1972b)

Lijinsky et al. (1972b);
Lijinsky (1974)

Lijinsky (1974);
Mirvish (1975)

Lijinsky (1974);
Mirvish (1975)

Lijinsky (1974);
Mirvish (1975)
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Table 2 (contd)

Drug N-Nitroso compound formed Reference

Methadone N-Nitrosodimethylamine Lijinsky (1974);
Mirvish (1975)

Methapyrilene N-Nitrosodimethylamine Lijinsky (1974);
Mirvish (1975)

Quinacrine N-Nitrosodiethylamine Lijinsky (1974);
Mirvish (1975)

Lucanthone N-Nitrosodiethylamine Lijinsky (1974);
Mirvish (1975)

Tolazamide N-Nitrosohexamethyleneimine Lijinsky et al. (1972b);
Lijinsky (1974)

Cyclizine Dinitrosopiperazine Lijinsky (1974);
Mirvish (1975)

Tripelennamine N-Nitrosodemethyltripelennamine Rao & Krishna (1975)

Disulfiram N-Nitrosodiethylamine and N-nitroso- Lijinsky et a/. (1972b)
piperidine

Nikethamide N-Nitrosodiethylamine and N-nitroso- Lijinsky et al. {1972b)
piperidine

It follows from these and similar data that most drugs that contain tertiary amino- or
N‘N-dialkylamido-groups react only very slowly under conditions of pH and temperature
similar to those of the human stomach. Lijinsky (1974) investigated the nitrosatability
of 12 drugs under defined conditions (in most cases: 5 mg of the drug per mi, 10 mg
nitrite per mi, pH 3.4, 37°C, 4 hours’ reaction time) and found that the yield of N-nitroso
compounds was below 1% in almost all cases. Higher reactivity was seen with the oral anti-
diabetic drug tolazamide (3.4% vyield of N-nitrosohexamethyleneimine, 3 hours’ reaction
time, pH 3.1), the antibiotic oxytetracycline {15% N-nitrosodimethylamine, 8 mg/ml
drug, 16 mg/ml nitrite, pH 3) and the analgesic drug aminophenazone (amidopyrine, amino-
pyrine) (40% N-nitrosodimethylamine, 0.25 mg/ml drug, 0.25 mg/ml nitrite, 2 hours’
reaction time, pH 3.2). Tripelennamine, under similar conditions, yielded 6% N-nitroso-
demethyl compound (Rao & Krishna, 1975).
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Drugs with secondary amino groups usually react more efficiently to form the cor-
responding N-nitrosated drug: piperazine gave a 62% yield (pH 3.0, 25°C, 10 minutes’
reaction time) (Mirvish, 1975); phenmetrazine, up to 48 or 31% after 180 minutes in rat or
rabbit stomach, respectively, with 0.8 or 4 mmol NaNO, (Greenblatt etal., 1972); etham-
butol, 61% (pH 3.0, 37°C, 15 minutes) (Montesano et a/., 1974); and ephedrine, 4% (pH
3.15, 37°C, 60 minutes) (Kinawi & Schuster, 1978).

Some drugs, such as chlordiazepoxide (Walser et a/., 1974) and phenacetin (Eisenbrand
& Preussmann, 1975), react via more complicated pathways, forming N-nitroso com-
pounds at least as intermediates. The antihistamine drug methapyriline forms small quanti-
ties of N-nitrosodimethylamine together with several other N-nitroso compounds via frag-
mentation reactions (Mergens et a/., 1979).

The induction of tumours in experimental animals by feeding a drug with nitrite
(see below) is an expensive and relatively insensitive method of evaluating the hazard
presented by nitrosation of drugs /n vivo. Apart from the carcinogenicity of the N-nitroso
compounds formed, the nitrosation rate in the gut is also of great importance. In most
cases, unrealistically high doses of precursors have been used to obtain statistically signifi-
cant results. One solution to this problem would be to measure the N-nitroso compounds
formed at realistic levels of exposure. However, such an analysis must take into account the
absorption rate from the stomach, and this is difficult to determine. Because the rate of

metabolism is usually not known, the interpretation of measurements in blood or other
body fluids is also difficult.

It may therefore be useful to study the nitrosation of drugs /n vitro under standard
conditions.

Nitrosation assay procedure (NAP test) (WHO, 1978)

If valid comparisons are to be made, the reactions must be carried out under standard
conditions for set times, and the identity and yield of N-nitroso compounds established by
mass spectrometry or other appropriate methods. The WHO Expert Group recommended a
‘Nitrosation Assay Procedure’ (NAP test) that must conform to the following criteria:

Concentration of drug: 10 mmol/!
Concentration of nitrite: 40 mmol/I
Reaction temperature: 37°C

pH: 34

Reaction times: 1 hour and 4 hours
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The relative concentrations of the reactants provide an adequate excess of nitrite to
promote the reaction, and the absolute concentrations are appropriate to the sensitivity of
available methods for measuring the resulting NV-nitroso compounds. At 379C there is little
or no decomposition of nitrous acid; the pH range 3-4 is optimal for most nitrosation
reactions and is also close to that prevailing in the stomach during digestion. Reaction
times of 1 and 4 hours are set for rapidly and slowly reacting compounds, respectively, and
ensure that complex reactions proceed to completion. If, however, some of the products

are found to be unstable, the reaction time may need to be altered following a detailed
examination of the chemical reactions.

In all cases, the substrates to be tested in the NAP test should be in the purest state
obtainable, and particular care should be taken to eliminate preformed nitrosamines
(Spiegelhalder et a/., 1978; Eisenbrand et a/., 1979), insofar as this is possible.

The assessment of combination products, containing more than one amino group,
may present special problems. Similarly, if the compound is readily metabolized to other
nitrosatable products, these must be considered separately and individually. While acce-
lerators and inhibitors of N-nitrosation reactions may have a significant effect on yields,
they are not selective in their action, and their use cannot, therefore, affect the relative
positions of nitrosatable drugs on a scale such as that given in Table 3.

Table 3. The relative N-nitrosation of selected drugs: percent nitrosamine yield
in a defined nitrosation assay procedure (NAP test)?

100

50 |- Aminophenazone

104

7 F Phenacetin

2.4 p Lucanthone

0.6 I Tolazamide

0.2 |} Chlorpheniramine and oxytetracycline
0.14 Quinacrine

0.08 [ Disulfiram and methapyrilene

0.05 }- Chiorpromazine

0.04 - Methadone

0.03 [ Dextropropoxyphene
0.01 ]

9From WHO (1978)
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Experimeital evidence of carcinogenic and other relevant biological effects of NV-nitrosatable
drugs

No review of such evidence will be attempted; however, references to the relevant

studies are summarized in Tables 4, 5, 6 and 7.

Table 4. References to carcinogenicity tests on N-nitrosataable drugs administered
in conjunction with sodium nitrite

Drug

Mice

Rats

Aminophenazone

Chlordiazepoxide
Disulfiram

Ephedrine hydrochloride
Ethambutol

Lucanthone hydro-
chloride

Methapyrilene

Methapyrilene hydro-
chloride

Oxytetracycline hydro-
chloride

Piperazine

Propylhexedrine hy-
drochloride

Alexandrov & Napalkov (1979)
(prenatal exposure)

Biancifiori et a/. (1975)

Greenblatt et a/. (1971);
Greenblatt & Mirvish (1972)

" Schneider et al. (1977)

Lijinsky et al. (1973); Taylor
& Lijinsky (1975); Chan
& Fong (1977); Scheunig
etal. (1979)

Alexandrov & Napalkov (1979)
(prenatal exposure)

Lijinsky & Taylor {(1977a,b)
Lijinsky & Reuber (1980)

Schneider et a/. (1977)

Lijinsky & Taylor (1977a,b)

Lijinsky & Taylor (1977a,b)

Frederick Cancer Research
Center (1979)

Taylor & Lijinsky (1975)

Garcia & Lijinsky (1973);
Schneider et a/. (1977)

Schneider et a/. (1977)
{prenatal exposure)

9 Test compounds were administered by the oral route, unless otherwise specified.
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Table 5. References to carcinogenicity tests on nitrosation products of N-nitrosatable drugs

305

Nitrosation product Mice Rats
N-Nitrosoephedrine Wogan et a/. (1975) (i.p. injections) Eisenbrand et a/. {(1978)
N-Nitrosopiperazine Greenblatt & Mirvish (1972) Garcia et al. (1970);
Love et al. (1977)
N,N’-Dinitrosopiperazine Zabezhinsky (1969); Greenblatt Druckrey et al. (1967);
etal. (1971) Druckrey et a/. (1964,
1967) (s.c. administra-
Schmih! & Thomas (1965); tion); Weisburger et al.
Zabezhinsky (1969) (s.c. admini- (1966); Hadidian et al.
stration) (1968); Garcia &

N-Nitrosophenmetrazine

N-Nitrosophenidate

Lijinsky (1972);
Lijinsky & Taylor
(1975)

Lijinsky & Taylor (1976)

Lijinsky & Taylor (1976)

Table 6. References to mutagenicity and other, related short-term tests

on N-nitrosatable drugs

Compound Mutagenicity Chromosomal
aberrations
Aminophenazone
+ sodium nitrite Arisawa et al. (1978) Newton & Lilly {1977)
(S. typhimurium) (rat lymphocytes)

+ nitrite

+ sodium nitrite

Blijleven (1979)
{Drosophila)

inui et a/. (1978)
(hamster embryo cells)
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Table 7. References to mutagenicity and other, related short-term tests on nitrosation
products of N-nitrosatable drugs

Compound Mutagenicity Gene conversion
N-Nitrosochlor- Krafft & Onken, 1976
diazepoxide {S. cerevisiae)
N,N’-Dinitroso- Bartsch et a/. {1980)
ethambutol {S. typhimurium)
N-Nitrosopiperazine Zeiger et al. (1972); Braun et al.

(1977); Raoetal. (1978)
(S. typhimurium)

N N’-Dinitroso- Zeiger et al. (1972); Braun et al.
piperazine (1977); Andrews et al. (1978):;
Rao et al. (1978)
(S. typhimurium)

N,N’-Dinitroso- Trams & Kunkel (1965); Elespuru
piperazine & Lijinsky (1976)
(E. coli)
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Numbers in bold indicate volume, and other numbers indicate page. References to
corrigenda are given in parentheses. Compounds marked with an asterisk (*) were considered
by the Working Groups, but monographs were not prepared because adequate data on their

carcinogenicity were not available.

A

Acetamide
Acetylsalicyclic acid*®
Acridine orange
Acriflavinium chloride
Acrolein

Acrylic acid

Acrylic fibres
Acrylonitrile
Acrylonitrile-butadiene-styrene copolymers
Actinomycins

Adipic acid*
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-nitrophenol

16,
13,
19,
19,
19,
19,
19,
10,

197

145
31
479
47
86
73
91
29

43
145

51
25
41
243
53
61
249
74
143
43

(corr. 7,319)
(corr. 8,349)

(corr. 11,295)

(corr. 10,343)
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2-Amino-4-nitrophenol*
2-Amino-5-nitrophenol*

Amitrole 7, 31
Amobarbital sodium*
Anaesthetics, volatile 11, 285
Aniline ' 4, 27 (corr. 7,320)
Anthranilic acid 16, 265
Apholate 9, 31
Aramite® 5, 39
Arsenic and arsenic compounds 1, 41
2, 48
23, 39

Arsanilic acid

Arsenic pentoxide

Arsenic sulphide

Arsenic trioxide

Arsine

Calcium arsenate

Dimethylarsinic acid

Lead arsenate

Methanearsonic acid, disodium salt
Methanearsonic acid, monosodium salt
Potassium arsenate

Potassium arsenite

Sodium arsenate

Sodium arsenite

Sodium cacodylate

Asbestos 2, 17 (corr. 7,319)
14 (corr. 15,341)
(corr. 17,351)

Actinolite
Amosite
Anthophyilite
Chrysotile
Crocidolite
Tremolite

Auramine 1, 69 (corr.7,319)
Aurothioglucose 13, 39
Azaserine 10, 73 (corr.12,271)



CUMULATIVE INDEX

Azathioprine*
Aziridine
2-(1-Aziridinyl)ethanol
Aziridyl benzoquinone

Azobenzene

Benz[c] acridine
Benz[a] anthracene
Benzene

Benzidine

Benzo[b] fluoranthene
Benzo[/] fluoranthene
Benzola] pyrene
Benzo[e] pyrene
Benzyl chloride
Benzyl violet 4B
Beryllium and beryllium compounds

Bertrandite
Beryllium acetate

"~ Beryllium acetate, basic
Beryllium-aluminium alloy
Beryllium carbonate
Beryllium chloride
Beryllium-copper alloy
Beryllium-copper-cobalt alloy
Beryllium fluoride
Beryllium hydroxide
Beryllium-nickel alloy
Beryllium oxide
Beryllium phosphate
Beryllium silicate
Beryllium sulphate and its tetrahydrate
Beryl ore
Zinc beryllium silicate

Bis(1-aziridinyl)morpholinophosphine sulphide
Bis(2-chloroethyl)ether

©

-

® © ©

w W

- -

-

- -

- W W W Ww =N

— -—
-
-~ - -

N
W

37
47
51
75

241
45
203
80
69
82
91
137
217
153
17
143

55
17

(corr. 11,295)

(corr. 13,243)
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N,N-Bis(2-chloroethyl)-2-naphthylamine
Bischloroethyl nitrosourea*
Bis(2-chioroisopropyl)ether*
1,2-Bis(chloromethoxy)ethane
1,4-Bis(chloromethoxymethyl)benzene
Bis(chloromethyl)ether

Blue VRS

Brilliant blue FCF diammonium and disodium salts
1,4-Butanediol dimethanesulphonate (Myleran)
Butyl-cis-9,10-epoxystearate*

$-Butyrolactone

v-Butyrolactone

C
Cadmium and cadmium compounds

Cadmium acetate
Cadmium carbonate
Cadmium chloride
Cadmium oxide
Cadmium sulphate
Cadmium sulphide

Calcium cyclamate
Calcium saccharin
Cantharidin
Caprolactam
Carbaryl

Carbon tetrachloride

Carmoisine
| Catechol
Chlorambucil
Chloramphenicol
Chlordane
Chlordecone {Kepone)

4,

15,

15,

16,

16,

1,
11,

119

31
37
231
163
171
247

225
231

74
39

58
120
79
115
37
53
371
83
165
125
85
45
67

(corr. 13,243)
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Chlorinated dibenzodioxins
Chlormadinone acetate

Chlorobenzilate
Chloroform

Chloromethyl methyl ether

Chloroprene

Chloropropham

Chloroquine

para-Chloro-ortho-toluidine and its hydrochloride
5-Chloro-ortho-toluidine*®

Chlorotrianisene

Chlorpromazine*

Cholesterol

Chromium and chromium compounds

Barium chromate

Basic chromic sulphate
Calcium chromate
Chromic acetate
Chromic chloride
Chromic oxide
Chromic phosphate
Chromite ore
Chromium carbonyl
Chromium potassium sulphate
Chromium sulphate
Chromium trioxide
Cobalt-chromium alloy
Ferrochromium

Lead chromate

Lead chromate oxide
Potassium chromate
Potassium dichromate
Sodium chromate
Sodium dichromate
Strontium chromate
Zinc chromate

Zinc chromate hydroxide

10,

23,

41
149
365

75

61
401
239
131

55

47
277

139

99

100
205

321



322 IARC MONOGRAPHS VOLUME 24

Zinc potassium chromate
Zinc yellow

Chrysene

Chrysoidine

C.1. Disperse Yellow 3
Cinnamw anthranilate
Citrus Red No. 2
Clofibrate

Clomiphene and its citrate
Conjugated oestrogens
Copper 8-hydroxyquinoline
Coumarin

Cycasin

Cyclamic acid
Cyclochlorotine
Cyclohexylamine
Cyclophosphamide

D

2,4-D and esters

D & C Red No. 9

Dapsone

Daunomycin

DDT and associated substances

DDD (TDE)
DDE

Diacetylaminoazotoluene
N.N’-Diacetylbenzidine

Diallate

2,4-Diaminoanisole and its sulphate
2,5-Diaminoanisole*
4,4'-Diaminodipheny| ether

1,2-Diamino-4-nitrobenzene

159
91
97

287

101
39

551

147

103

113

167

121
55

139
59

135

11

107
59

145
83

113
293
69
51

301
63

(corr. 19,495)

(corr. 7,319)

(corr. 7,320)
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1,4-Diamino-2-nitrobenzene

2,6-Diamino-3-(phenylazo)pyridine and its
hydrochloride

2,4-Diaminotoluene
2,5-Diaminotoluene and its sulphate
Diazépam

Diazomethane
Dibenz{a,h]acridine
Dibenz[a,j] acridine
Dibenz[a,h] anthracene
7H-Dibenzo[c,g] carbazole
Dibenzo[h,rst] pentaphene
Dibenzo[a,e] pyrene
Dibenzo{a,h] pyrene
Dibenzo(a,/] pyrene
Dibenzol(a,/] pyrene
1,2-Dibromo-3-chloropropane

ortho-Dichlorobenzene
para-Dichlorobenzene
3,3'-Dichlorobenzidine
trans-1,4-Dichlorobutene
3,3'-Dichloro-4,4'-diaminodiphenyl! ether
1,2-Dichloroethane
Dichloromethane
Dichlorvos
Dicyciohexylamine
Dieldrin

Dienoestrol
Diepoxybutane
1,2-Diethylhydrazine
Diethyilstilboestrol

Diethylstilboestrol dipropionate
Diethyl sulphate

-b
R

-t e b
WNBBD

- - -

-

- -

WWwWwwWwWwwwWww

-

-
o

20,

73
117

83

97

57
223
247
254
178
260
197
201
207
215
224
139

83
231
231

49
149
309
429
449

97

60
125
161
115
153

55
173
175
277

(corr. 12,271)

(corr. 23,417)
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Diglycidyl resorcinol ether
Dihydrosafrole

Dihydroxybenzenes
Dihydroxymethylfuratrizine
Dimethisterone

Dimethoate*

Dimethoxane

3,3'-Dimethoxybenzidine (o-Dianisidine)
para-Dimethylaminoazobenzene
para-Dimethylaminobenzenediazo sodium sulphonate

trans-2[(Dimethylamino)methylimino] -56-[2-(5-nitro-
2-furyl)vinyl] -1,3,4-oxadiazole

3,3'-Dimethylbenzidine (o-Tolidine)
Dimethylcarbamoy! chloride
1,1-Dimethylhydrazine
1,2-Dimethylhydrazine

Dimethy! sulphate
Dimethylterephthalate*®
Dinitrosopentamethylenetetramine
1,4-Dioxane

2,4'-Diphenyldiamine
Diphenylthiohydantoin*
Disulfiram

Dithranol

Dulcin

Endrin

Eosin and its disodium salt
Epichlorohydrin
1-Epoxyethyl-3,4-epoxycyclohexane

3,4-Epoxy-6-methylcyclohexylmethyl-3,4-epoxy-
6-methylcyclohexane carboxylate

1,

1,
10,
15,
24,

6,
21,

15,

-

N0 0 »

11,
11,
16,

12,
13,
12,

15,
n,
11,
1,

125
170
233
155

77
167
377

177

41
125
147
147

87
77
137
145
271

241
247
313

85
75
97

157
183
131
141
147

(corr. 7,320)

{(corr. 18,125)
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cis-9,10-Epoxystearic acid
Ethinyloestradiol

Ethionamide

Ethyl acrylate
Ethylene

Ethylene dibromide
Ethylene oxide
Ethylene sulphide
Ethylenethiourea
Ethyl methanesulphonate
Ethyl selenac

Ethyl tellurac
Ethynodiol diacetate

Evans blue

Fast green FCF

Ferbam

Fluorescein and its disodium salt*
2-(2-Formylhydrazino)-4-(5-nitro-2-furyl)thiazole
Fusarenon-X

G

Glycidaldehyde
Glycidyl oleate
Glycidyl stearate
Griseofulvin
Guinea green B

1,
1,
1,
10,
16,

163

77
233

83

57
167
195
157
257

45
245
107
115
173
387
151

187
121

151
169

175
183
187
163
199

(corr. 13,243)

(corr. 11,295)
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H

Haematite
Haematoxylin*
Heptachlor and its epoxide

Hexachlorobenzene
Hexachlorobutadiene

Hexachlorocyclohexane (a-, 8-, -, €-, technical HCH
and lindane)

Hexachloroethane
Hexachlorophene
Hexamethylenediamine*
Hexamethylphosphoramide
Hycanthone and its mesylate
Hydralazine and its hydrochloride
Hydrazine

Hydroquinone
4-Hydroxyazobenzene
17a-Hydroxyprogesterone caproate
8-Hydroxyquinoline
Hydroxysenkirkine

Indeno[1,2,3-cd] pyrene
Iron-dextran complex
lron-dextrin complex

Iron oxide

Iron sorbitol-citric acid complex
Isatidine

Isonicotinic acid hydrazide
Isoprene*

Isopropy! alcohol
Isopropy! oils

Isosafrole

-

- -

N =SNDN®

-

10,

15,
15,

10,

29

173
129
155
179

47
195

467
241

21
91
85

127

155

157

399

101

265

229
161
161

29
161
269
159

223
223

169
232

(corr. 7,319)
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Jacobine

Lasiocarpine
Lead and lead compounds

Lead acetate and its trihydrate
Lead arsenate
Lead carbonate
Lead chioride
Lead naphthenate
Lead nitrate

Lead oxide

Lead phosphate
Lead subacetate
Lead tetroxide
Tetraethyllead
Tetramethyllead

Ledate
Light green SF
Lindane

Luteoskyrin
Lynoestrenol
Lysergide*

M

Magenta

Maleic hydrazide

Maneb

Mannomustine and its dihydrochloride
Medphalan

10,

12,
16,

20,
10,
21,

275

281
40
52

150

325

131
209

47
195
163
407

57
173
137
157
168

(corr. 7,319)
(corr. 8,349)

(corr. 7,320)
(corr. 18,125)
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Medroxyprogesterone acetate

Megestro! acetate
Melphalan
Merphalan
Mestranol

Methacrylic acid*
Methallenoestril*
Methoxsalen
Methoxychlor

Methyl acrylate
2-Methylaziridine
Methylazoxymethanol
Methylazoxymethanol acetate

Methy! bromide*

Methyl carbamate
N-Methyl-N,4-dinitrosoaniline
4,4'-Methylene bis(2-chloroaniline)
4,4’-Methylene bis(2-methylaniline)
4,4'-Methylenedianiline
4,4'-Methylenediphenyl diisocyanate
Methyl iodide

Methy! methacrylate

Methyl methanesulphonate
N-Methy|-N“nitro-N-nitrosoguanidine
Methyl red

Methyl selenac

Methylthiouracil

Metronidazole

Mirex

Mitomycin C

6,
21,
21,

157
417
431
167
169

87
257

101
193
259

52

61
121
164
131

151
141

65

73

79
314
245
187
253
183
161
161

53
113
203
283
171

(corr. 7,320)

(corr. 7,320)
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Modacrylic fibres
Monocrotaline
Monuron

5-{Morpholinomethyl)-3-[(5-nitrofurfurylidene)-
amino] -2-oxazolidinone

Mustard gas

N

Nafenopin
1,5-Naphthalene diisocyanate
1-Naphthylamine

2-Naphthylamine
Native carrageenans
Nickel and nickel compounds

Nickel acetate and its tetrahydrate
Nickel ammonium sulphate
Nickel carbonate

Nickel carbonyl

Nickel chloride
Nickel-gallium alloy

Nickel hydroxide
Nickelocene

Nickel oxide

Nickel subsulphide

Nickel sulphate

Niridazole

b-Nitroacenaphthene

4-Nitrobiphenyl

5-Nitro-2-furaldehyde semicarbazone
1[(5-Nitrofurfurylidene)amino] -2-imidazolidinone
N-[4-(5-Nitro-2-furyl)-2-thiazolyl] acetamide

Nitrogen mustard and its hydrochloride
Nitrogen mustard N-oxide and its hydrochloride
Nitrosatable drugs

13,
16,

©®© NS NSNS

-

24,

86
291
167
161

181

125
311
87

97
181
126

75

123
319
113
171
181
181
185
193
209
297

(corr. 13,243)

(corr
(corr

(corr
(corr

. 8,349)
. 22,187)

. 11,295)
. 7,319)
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N-Nitrosodi-n-butylamine

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
Nitroxoline*

Nivalenol*

Norethisterone and its acetate

Norethynodrel
Norgestrel

Nylon 6
Nylon 6/6*

4,
17,
17,

1,
17,

1,
17,
17,

1,
17,
17,
17,
17,

1,
17,

4,
17,
17,
17,
17,
17,
17,
17,

197
51
77

107
83
95

125

177

135

191

217

303

221

125

227

211

257

263

281

287

303

313

327

179
441
191
461
201
479
120

(corr. 11,295)
(corr. 23,419)
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0]

QOchratoxin A
QOestradiol-178

Oestradiol 3-benzoate
Oestradiol dipropionate
Qestradiol mustard
Oestradiol-173-valerate
Oestriol

QOestrone

Oestrone benzoate
Oil Orange SS
Orange |

Orange G
Oxazepam
Oxymetholone
Oxyphenbutazone

Parasorbic acid
Patulin

Penicillic acid
Pentachlorophenol
Pentobarbital sodium*
Phenacetin

Phenazopyridine and its hydrochloride
Phenelzine and its sulphate
Phenicarbazide

Phenobarbital and its sodium salt
Phenoxybenzamine and its hydrochloride

10,
10,
10,
20,

13,
24,
24,
24,
12,
13,

24,

191

99
279
281
283
217
284
17
327
123
343
345
165
173
181

58
131
185

199
205
211
303

141
135
163
175
177
157

223
185

(corr. 12,271)
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Phenylbutazone
ortho-Phenylenediamine*

meta-Phenylenediamine and its hydrochloride

para-Phenylenediamine and its hydrochloride
N-Phenyl-2-naphthylamine
N-Phenyl-para-phenylenediamine*

Phenytoin and its sodium salt

Piperazine oestrone sulphate

Polyacrylic acid

Polybrominated biphenyls

Polychlorinated biphenyls

Polychloroprene

Polyethylene (low-density and high-density)
Polyethylene terephthalate*
Polyisoprene*

Polymethylene polypheny! isocyanate
Polymethyl methacrylate
Polyoestradiol phosphate
Polypropylene

Polystyrene

Polytetrafluoroethylene

Polyurethane foams (flexible and rigid)
Polyvinyl acetate

Polyviny! alcohol

Polyvinyl chloride

Polyvinylidene fluoride*
Polyviny! pyrrolidone
Ponceau MX

Ponceau 3R

Ponceau SX

Potassium bis(2-hydroxyethyl)dithiocarbamate

Prednisone*

13,

16,
16,
16,

13,
21,
19,
18,

7,
18,
19,
19,

19,
19,
21,
19,
19,
19,
19,
19,
19,

19,

183

111
125
325

201
148

62
107
261

43
141
164

314
195
286
218
245
288
320
346
351
306
402

463
189
199
207
183



Proflavine and its salts
Progesterone

Pronetalol hydrochloride
1,3-Propane sultone

Propham
B-Propiolactone
n-Propyl carbamate
Propylene

Propylene oxide
Propylthiouracil
Pyrazinamide*
Pyrimethamine
Pyrrolizidine alkaloids

Q

Quinoestradol*
Quinoestrol*
para-Quinone

CUMULATIVE INDEX

Quintozene (Pentachloronitrobenzene)

Reserpine

Resorcinol
Retrorsine
Rhodamine B
Rhodamine 6G
Riddelliine

~ Rifampicin

24,

21,
13,

12,

12,
19,
1,

13,
10,

15,

10,
24,
15,
10,
16,
16,
10,
24,

195
135
491
227
253

189
259
201
213
191

67

233
333

255
211

217
211
155
303
221
233

313
243

(corr. 16,387)
(corr. 13,243)
(corr. 20,691)

(corr. 15,341)
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S
Saccharated iron oxide

Saccharin
Safrole

Scarlet red

Selenium and selenium compounds
Semicarbazide and its hydrochloride
Seneciphylline

Senkirkine

Sodium cyclamate

Sodium diethyldithiocarbamate
Sodium equilin sulphate

Sodium oestrone sulphate

Sodium saccharin

Soot, tars and shale oils
Spironolactone

Sterigmatocystin

Streptozotocin

Styrene

Styrene-acrylonitrile copolymers
Styrene-butadiene copolymers
Styrene oxide

Succinic anhydride

Sudan |

Sudan {1

Sudan Il

Sudan brown RR

Sudan red 7B

Sulfafurazole (sulphisoxazole)
Sulfamethoxazole

IARC MONOGRAPHS VOLUME 24

*

© ® 0 ®

24,
24,

161
111
169
231
217
245
209
319
327

56
217
148
147
113

22
259
175
245
221
337

231

97
262
201
275
265
225
233
241
249
253
275
285

(corr. 12,271)
{corr. 16,387)



CUMULATIVE INDEX

Sunset yellow FCF
T

2,4,5-T and esters

Tannic acid

Tannins

Terephthalic acid*

Terpene polychlorinates (Strobane®)
Testosterone

Testosterone oenanthate
Testosterone propionate
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Tetrafluoroethylene

Thioacetamide

4,4'-Thiodianiline

Thiouracil

Thiourea

Thiram

2,4-Toluene diisocyanate

2,6-Toluene diisocyanate
ortho-Toluenesulphonamide
ortho-Toluidine and its hydrochloride
Toxaphene (polychlorinated camphenes)
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene

2,4,56- and 2,4,6-Trichlorophenols
Trichlorotriethylamine hydrochloride
Trichlorphon*

Triethylene glycol diglycidyl ether

15,
10,
10,

257

273
253
254

219
209
519
521
522
477
491
285

77
343

85

95
225
303
303
121
349
327
515
633
263
545
349
229

209

(corr. 16,387)

335



336 IARC MONOGRAPHS VOLUME 24

Tris(aziridinyl)-para-benzoquinone (Triaziquone)

Tris(1-aziridinyl)phosphine oxide
Tris(1-aziridinyl)phosphine sulphide (Thiotepa)
2,4,6-Tris(1-aziridinyl)-s-triazine
1,2,3-Tris(chloromethoxy)propane
Tris(2,3-dibromopropyl) phosphate
Tris(2-methyl-1-aziridinyl)phosphine oxide
Trypan blue

U

Uracil mustard
Urethane

\

Vinyl acetate
Vinyl bromide
Vinyl chloride

Vinyl chloride-vinyl acetate copolymers

4-Vinylcyclohexene

Vinylidene chloride

Vinylidene chloride-vinyl chloride copolymers
Vinylidene fluoride*

N-Vinyl-2-pyrrolidone

X

2,4-Xylidine and its hydrochloride
2,5-Xylidine and its hydrochloride
2,6-Xylidine*

16,
16,

67
75
85
95
301
575
107
267

235
111

341
367
291
377
311
412
277
439

461

367
377



Y

Yellow AB
Yellow OB

Zectran
Zineb
Ziram

CUMULATIVE INDEX

12,
12,
12,

279
287

237
245
259

337



	Cover
	Title
	Contents
	List of Participants
	Note to the Reader
	Preamble
	General Remarks on the Substances Considered
	The Monographs
	Clofibrate
	Dapsone
	Dihydroxymethylfuratrizine
	Hydralazine and hydralazine hydrochloride
	Methoxsalen
	Nafenopin
	Phenacetin
	Phenazopyridine and phenazopyridine hydrochloride
	Phenelzine and phenelzine sulphate
	Phenoxybenzamine and phenoxybenzamine hydrochloride
	Proflavine, proflavine dihydrochloride, proflavine hemisulphate and proflavine monohydrochloride
	Reserpine
	Rifampicin
	Spironolactone
	Sulfafurazole (Sulphisoxazole)
	Sulfamethoxazole

	General Considerations on N-Nitrosatable Drugs
	Supplementary Corrigenda to Volumes 1-23
	Cumulative Index to Monographs

