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Note to the reader

Every effort is made to present the monographs as accurately as
possible without unduly delaying their publication. Nevertheless, mistakes
have occurred and are still likely to occur. In the interest of all users
of these monographs, readers are requested to cammnicate any errors
observed to the Unit of Chemical Carcinogenesis of the International Agency
for Research on Cancer, Lyon, France, in order that these can be included

in corrigenda which will appear in subsequent volumes.

As stated in the preamble, great efforts are made to cover the whole
literature, but same studies may have been inadvertently overlooked. Since
the monographs are not intended to be a review of the literature and contain
only data considered relevant by the Working Group, it is not possible for
the reader to determine whether a certain study was considered or not.
However, research workers who are aware of important published data which
may change the evaluation are requested to make them available to the
above-mentioned address, in order that they can be considered for a possible

re-evaluation by a future Working Group.
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BACKGROUND AND PURPOSE OF THE IARC PROGRAMME ON THE
EVAIUATION OF THE CARCINOGENIC RISK OF CHEMICALS TO MAN

The International Agency for Research on Cancer (IARC) initiated in
1971 a programme on the evaluation of the carcinogenic risk of chemicals to
man. This programme was supported by a Resolution of the Governing Council
at its Ninth Session concerning the role of IARC in providing government
authorities with expert, independent scientific opinion on environmental
carcinogenesis. As one means to this end, the Governing Council recommended
that TARC should continue to prepare monographs on the carcinogenic risk of

individual chemicals to man.

In view of the importance of this programme and in order to expedite
the production of monographs, the National Cancer Institute of the United
States has provided TARC with additional funds for this purpose.

The objective of this programme is to elaborate and publish in the
form of monographs a critical review of carcinogenicity and related data
in the light of the present state of knowledge, with the final aim of
evaluating the data in terms of possible human risk, and at the same time

to indicate where additional research efforts are needed.

SCOPE OF THE MONOGRAPHS

The monographs summarize the evidence for the carcinogenicity of
individual chemicals and other relevant information. The data are compiled,
reviewed and evaluated by a Working Group of experts. No recammendations
are given concerning preventive measures or legislation, since these matters
depend on risk-benefit evaluation, which seems best made by individual

goverrments and/or international agencies such as WHO and IIO.

Since 1973, when the programme was started, eight volumes have been
pU.bliShedl’213ll*15161718.

As new data on chemicals for which monographs have already been written
and new principles for evaluation become available, re-evaluations will be
made at future meetings, and revised monographs will be published as
necessary. The monographs are being distributed to international and
governmental agencies and will be available to industries and scientists
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dealing with these chemicals. They also form the basis of advice from

IARC on carcinogenesis from these substances.

MECHANISM FOR PRODUCING THE MONOGRAPHS

As a first step, a list of chemicals for possible consideration by
the Working Group is established. IARC then collects pertinent references
regarding physico-chemical characteristics, production and use*, occurrence
and analysis, and biological data** on these compounds. The material is
summarized by an expert consultant or an IARC staff member, who prepares
the first draft, which in same cases is sent to another expert for caments.
The drafts are circulated to all members of the Working Group about one
month before the meeting. During the meeting further additions to and
deletions from the data are agreed upon, and a final version of comments

and evaluation on each compound is adopted.

Priority for the Preparation of Monographs

Priority is given mainly to chemicals belonging to groups for which
at least some suggestion of carcinogenicity exists from observations in
animals and/or man and for which there is evidence of human exposure.
However, neither human exposure nor potential carcinogenicity can be judged
until all the relevant data have been collected and examined in detail,
and the inclusion of a particular compound in a monograph does not neces-—
sarily mean that the substance is considered to be carcinogenic. Equally,
the fact that a substance has not yet been considered does not imply that

it is without carcinogenic hazard.

Data on which the Evaluation is Based

With regard to the bioclogical data, only published articles and papers
already accepted for publication are reviewed. Every effort is made to

*Data provided by Chemical Information Services, Stanford Research
Institute, Menlo Park, California, USA

**In the collection of original data reference was made to the
publications "Survey of compounds which have been tested for carcinogenic

activityu9ll()rlll12!13111*.
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cover the whole literature, but same studies may have been inadvertently
overlooked. The monographs are not intended to be a full review of the
literature, and they contain only data considered relevant by the Group.
Research workers who are aware of important data (published or accepted for
publication) which may influence the evaluation are invited to make them
available to the Unit of Chemical Carcinogenesis of the International

Agency for Research on Cancer, Lyon, France.

The Working Group

The tasks of the Working Group are five-fold: (1) to verify that as
far as feasible all data have been collected; (2) to select the data
relevant for the evaluation; (3) to determine whether the data, as
sumarized, will enable the reader to follow the reasoning of the committee;
(4) to judge the significance of the experimental results; and (5) to

make an evaluation.

The members of the Working Group who participated in the consideration
of particular substances are listed at the beginning of each publication.
The members of the Working Group serve in their individual capacities as
scientists, and not as representatives of their governments or of any

organization with which they are affiliated.

GENERAL PRINCIPLES FOR THE EVAILUATION

The general principles for the evaluation which are listed below were
elaborated by previous Working Groups and were also applied to the sub-
stances listed in this volume.

Terminology

The term "chemical carcinogenesis" in its widely accepted sense is
used to indicate the induction or enhancement of neoplasia by chemicals.
It is recognized that, in the strict etymological sense, this term means
the induction of cancer; however, common usage has led to its employment
to denote the induction of various types of neoplasms. The terms
"tumourigen", "oncogen" and "blastamogen" have all been used synonymously
with "carcinogen", although occasionally "tumourigen" has been used
specifically to denote the induction of benign tumours.

13



Response to Carcinogens

For present purposes, in general, no distinction is made between the
induction of tumours and the enhancement of tumour incidence, although it
is noted that there may be fundamental differences in mechanisms that
will eventually be elucidated.

The response in experimental animals to a carcinogen may take several

forms:

(1) a significant increase in the incidence of one or more of the

same types of neoplasms as found in control animals;

(2) the occurrence of types of neoplasms not cbserved in control

animals;
(3) a decreased latent period as compared with control animals.

Purity of the Campounds Tested

In any evaluation of biological data with respect to a possible
carcinogenic risk, particular attention must be paid to the purity of the
chemicals tested and to their stability under conditions of storage or
administration. Information on purity and stability is given, when availa-

ble, in the monographs.

Qualitative Aspects

The qualitative nature of neoplasia has been much discussed. In many
instances, both benign and nalignant tumours are induced by chemical carcino-
gens. There are so far few recorded instances in which only benign tumours
are induced by chemicals that have been studied extensively. Their occur-
rence in experimental systems has been taken to indicate the possibility of

an increased risk of malignant tumours also.

In experimental carcinogenesis, the type of cancer seen can be the same
as that recorded in human studies (e.g., bladder cancer in man, monkeys,
dogs and hamsters after administration of 2-naphthylamine). In other
instances, however, a chemical can induce other types of neoplasms or
neoplasms at different sites in various species (e.g., benzidine induces

hepatic carcinoma in the rat, but bladder carcinoma in man).
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Quantitative Aspects

Dose-response studies are J'mportaht in the evaluation of human and
animal carcinogenesis. The confidence with which a carcinogenic effect
can be established is strengthened by the observation of an increasing
incidence of neoplasms with increasing exposure. Such studies are the
only ones on which a minimal effective dose can be established. The deter-
mination of such a dose allows a comparison with reliable data on human

exposure.

Comparison of potency between compounds can only be made if and when
substances have been tested simultaneously.

Animal Data in Relation to the Evaluation of Risk to Man

At the present time no attempt can be made to interpret the animal
data directly in terms of human risk since no cbjective criteria are
available to do so. The critical assessment of the validity of the animal
data given in these monographs is intended to assist national and/or
international authorities to make decisions concerning preventive measures
or legislation. In this connection attention is drawn to WHO recommendations

in relation to food additives'®, drugs'® and occupational carcinogens!?.

Evidence of Human Carcinogenicity

Evaluation of the carcinogenic risk to man of suspected envirommental
agents rests on purely observational studies. Such studies require
sufficient variation in the levels of human exposure to allow a meaningful
relationship between cancer incidence and exposure to a given chemical to
be established. Difficulties in isolating the effects of individual agents

arise, however, since populations are exposed to multiple carcinogens.

The initial suggestion of a relationship between an agent and disease
often cames fram case reports of patients who have had similar exposures.
Variations and time trends in regional or national cancer incidence, or
their correlation with regional or national 'exposure' levels, may also
provide valuable insights. Such observations by themselves, however,
cannot in most circumstances be regarded as conclusive evidence of carcino-

genicity. The most satisfactory epidemiological method is to campare the
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cancer risk (adjusted for age, sex and other confounding variables) among
groups or cohorts, or among individuals exposed to various levels of the
agent in question, and among control groups not so exposed. Ideally this is .
accanplished directly, by following such groups forward in time (prospec-
tively) to determine time relationships, dose-response relationships and
other aspects of cancer induction. Large cohorts and long dbservation
periods are required to provide sufficient cases for a statistically
valid camparison.

An alternative to prospective investigation is to assemble cohorts
fram past records and to evaluate their subsequent morbidity or mortality
by means of medical histories and death certificates. Such occupational
carcinogens as nickel, B-naphthylamine, asbestos and benzidine have been
confirmed by this method. Another method is to campare the past exposures
of a defined group of cancer cases with those of control samples from the
hospital or general population. This does not provide an absolute measure
of carcinogenic risk but can indicate the relative risks associated with
different levels of exposure. The indirect means (e.g., interviews or
tissue residues) used to measure exposures which may have camnenced many
years before can constitute a major source of error. Nevertheless such
"case-control" studies can often isolate one factor from several suspected
agents. The carcinogenic effect of this substance could then be confirmed
by cohort studies.

EXPIANATORY NOTES ON THE MONOGRAPHS

In sections 1, 2 and 3 of each monograph, except for minor remarks,
the data are recorded as given by the author, whereas the camments by the
Working Group are given in section 4, headed "Camments on Data Reported

and Evaluation".

Chemical and Physical Data (section 1)

The Chemical Abstracts Registry Serial Number and the latest Chemical
Abstracts Name (if this is not used in the title) are recorded in this
section, together with other synonyms and trade names.

Chemical and physical properties include data that might be relevant

to carcinogenicity (for example, lipid solubility) and those that concern
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identification. Where applicable, data on solubility, volatility and
stability are indicated. All chemical data in this section refer to the
pure substance.

Production, Use, Occurrence and Analysis (section 2)

The ultimate purpose of this section is to give an idea of the extent
of possible human exposure, and therefore data on production, use and
occurrence are given when available. With regard to these data, IARC has
collaborated with the Stanford Research Institute, USA, with the support
of the National Cancer Institute of the USA, in order to obtain production

figures of chemicals and their patterns of use.

Since the United States, Western Europe and Japan are reasonably
representative industrialized areas, and since Stanford Research Institute
has regional offices in these areas, such data are commonly acquired from
these countries. Tt should not be inferred that these nations are the sole

sources or even the major sources of any individual chemical.

Production data are obtained from both govermmental and trade publi-
cations in the three geographic areas. Information on use and occurrence
is obtained by a comprehensive review of published data, complemented by

direct contact with manufacturers of the chemicals in question.

Since cancer is a delayed toxic effect, past use and production data
are also of importance. With respect to past and present use and production,
regulatory actions in same countries are mentioned as examples only.
Statements concerning regulations may not reflect the most recent situation,
since such legislation is in a constant state of change; nor should it
be taken to imply that other countries do not have similar requlations.

In the cases of drugs, mention of the therapeutic uses of such chemicals
does not necessarily represent presently accepted therapeutic indications,

nor does it imply judgement as to their clinical efficacy.

It is hoped that in future revisions of these monographs, more infor-
mation on production and use can be made available to IARC from other

countries.
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Biological Data Relevant to the Evaluation of Carcinogenic
Risk to Man (section 3)

As pointed out earlier in this introduction, the monographs are not
intended to consider all reported studies. Although every effort was made
to review the whole literature, some studies were purposely cmitted (a)
because of their inadequacy, as judged fram previously described criteria
18719020421 (g g., too short a duration, too few animals, poor survival or
too small a dose); (b) because they only confirmed findings which have
already been fully described; or (c) because they were judged irrelevant
for the purpose of the evaluation. However, in certain cases, reference is
made to studies which did not meet established criteria of adequacy, par-
ticularly when this information was considered a useful supplement to other
reports or when it may have been the only data available. This does not,
however, imply acceptance of the adequacy of experimental designs in these

cases.

In general, the data recorded in this section are summarized as given
by the author; however, certain shortcomings of reporting or of experi-
mental design are also mentioned, and minor camments by the Working Group

are given in square brackets.

The essential comments by the Working Group are made in section 4,

"Comments on Data Reported and Evaluation".

Carcinogenicity and related studies in animals: Mention is usually
made of all routes of administration by which the compound has been tested
and of all species in which relevant tests have been carried out. In most

cases the animal strains are given; general characteristics of mouse strains
have been reported in a recent review??. Quantitative data are given in so
far as they will enable the reader to realize the order of magnitude of the
effective doses. In general, the doses are indicated as they appear in the

original paper; sometimes conversions have been made for better comparison.

Other relevant biological data: The reporting of metabolic data is

restricted to studies showing the metabolic fate of the chemical in animals
and man. Caomparison of animal and human data is made when possible. Other

metabolic information (e.g., absorption, storage and excretion) is given
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when the Working Group considered that it would enable the reader to have
a better understanding of the fate of the campound in the body. When the
carcinogenicity of known metabolites has been tested, this also is reported.

Some 1D O'S are given, and other data on toxicity are included
5

occasionally, if considered relevant.

Mutagenicity data are also included and the reasons for including such
data and the principles adopted by the Working Group for selection of the
data are outlined below.

Most of the chemical carcinogens which have so far been studied have
been shown to require metabolic activation in order to produce their bio-
logical effects. This metabolic activation is in many cases associated
with binding to nucleophilic sites in nucleic acids and proteins. The
growing experimental evidence linking the carcinogenic activity of numerous
chemicals to their capacity to be converted into electrophilic derivatives
that may also exert a mutagenic effect has led to the suggestion that a
relationship between chemical carcinogenesis and mitagenesis may exist.
Such a correlation has so far been limited to those changes of the genotype
which appear as a consequence of structural or functional alterations of

nucleic acids.

Although not all chemical mutagens have been shown to be carcinogenic,
most chemical carcinogens, several of which cause cancer in man, have now
been found to be mutagens when tested in one of the mutagenicity test
procedures that combine microbial, mammalian or other animal-cell systems
as genetic targets with an <n vitro or in vivo metabolic activation system.
The results of appropriate mutagenicity tests, which are relatively rapid
and inexpensive, may help to prescreen chemicals and may also aid in the
selection of the most relevant animal species in which to carry out long-
term carcinogenicity tests on these chemicals. The use of human tissues
in such in vitro testing procedures allows correlations between experimental
animals and hunans to be made. For all these reasons, the Working Group
decided to consider data on mutagenicity as relevant biological information

to be included in the monographs.
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There are many genetic indicators and metabolic activation systems
available for detecting mutagenic activity; they all, however, have indi-
vidual advantages and limitations. Ideally, an appropriate mutagenicity
test system would include the full metabolic competency of the intact human.
Since the development or application of such a system appears to be impos—
sible, the conclusion has been reached that a battery of test systems is
needed in order to detect the mutagenic potential of chemicals.

In many cases, reactive metabolites with a limited life-span may fail
to reach or to react with the genetic indicator, either because they are
further metabolized to inactive campounds or because they react with other
cellular constituents. For this reason mutagenicity assays in intact animals
may give false-negative results, and appropriate <n vitro techniques invol-
ving organ perfusion, tissue slices, cultured cell lines or tissue fractions
should be included in screening programmes. Useful information may also be
provided by investigation of other biological functions relevant to carcino—
genesis in humans, such as enzymes involved in the metabolic conversion of
chemicals, DNA repair in human cells and immunological surveillance

mechanisms.

Metabolism in mammals is affected by exogenous and endogenous factors,
such as chemicals causing enzyme induction and inhibition, diet and gastro-
intestinal flora. Other factors should also be considered in the experi-
mental design, e.g., age, sex and strain of animals, diurnal and seasonal
rhythms, differences between the foetal and adult states and mode of
administration, cellular uptake, distribution and excretion of the chemical.
Differences in the metabolism of foreign campounds by in vitro preparations
and by intact animals should also be taken into account. 1In view of all
these factors, an incamplete picture of the mutagenic effects of chemical

carcinogens in vivo may be obtained by <n vitro techniques.

It is difficult in the present state of knowledge to select specific
mutagenicity tests as being the most appropriate for the pre-screening of
substances for possible carcinogenic activity. In deciding which muta-
genicity test procedures should be used, preference should be given to
systems that are genetically and metabolically reasonably well defined
and/or which provide data shown to be valid for the prediction of the

20



carcinogenicity of chemicals. Consideration of the results (positive or
negative) of mutagenicity tests using chemicals and their identified
metabolites should be of great value in assessing the reliability of the

correlation between carcinogenic and mutagenic activities of chemicals.
For more detailed information see references 23-28.

Observations in man: Epidemiological studies are summarized. Clinical

and other observations in man have been reviewed, when relevant.

Comments on Data Reported and Evaluation (section 4)

This section gives the critical view of the Working Group on the data
reported. It should be read in conjunction with the "General Remarks on the

Substances Considered".

Animal data: The animal species mentioned are those in which the
carcinogenicity of the substances was clearly demonstrated, irrespective of
the route of administration. In the case of inadequate studies, when
mentioned, comments to that effect are included. The route of administration
used in experimental animals that is similar to the possible human exposure
(ingestion, inhalation and skin exposure) is given particular mention. In
most cases tumour sites are also indicated. Experiments involving a possi-
ble action of the vehicle or a physical effect of the agent, such as in
subcutaneous injection or bladder implantation studies, are also mentioned;
however, the results of such tests require careful consideration, particu-
larly if they are the only ones raising a suspicion of carcinogenicity. If
the substance has produced tumours on pre-natal exposure or in single-dose
experiments, this is also indicated. This sub-section should be read in
the light of comments made in the section "Animal Data in Relation to the
Evaluation of Risk to Man" of this introduction.

Human data: In some cases, a brief statement is made on the possible
exposure of man. The significance of epidemiological studies and case
reports is discussed, and the data are interpreted in terms of possible

human risk.
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GENERAL REMARKS ON THE SUBSTANCES CONSIDERED

The substances considered in this volume, with the exception of selenium
campounds, are direct or indirect alkylating agents having a variety of
biological and therapeutic effects, including cytostatic and immunosuppressive
activities. Some are drugs and have been used and are used in the treatment

of neoplastic and non-neoplastic disorders in man.

The chemistry, metabolism and biological effects of alkylating agents
have been reported in several reviews (Jones, 1973; Lawley, 1974;
Loveless, 1966; Ross, 1962; Van Duuren, 1969; Wheeler, 1962).

A cytotoxic effect on dividing cells is the characteristic pharmaco-
logical action of alkylating agents and the basis of their use as anti-cancer
drugs. This is associated with an inactivation of the DNA template by
the formation of single strand breaks and interstrand crosslinks, in the
case of bifunctional alkylating agents, which results in an inhibition of
DNA synthesis. Toxic effects on resting cells also occur, but the dose
required is higher. Alkylating compounds cause preferential damage to

organs which have a high rate of cell turnover.

Iethal doses typically attack dividing cells. When given to animals,
alkylating agents also exert cytotoxic effects on the embryo. The resultant
teratogenic effects depend largely on the stage of foetal development and
the extent to which the compound or its active metabolites pass the placental

barrier.

In addition to inactivation of the DNA template, some alkylating
agents produce lesions which affect base-pairing during DNA replication and
cause permanent genetic alterations. All alkylating agents must be

regarded as potential carcinogens and mutagens.

The development of tumours following exposure to scme of these sub-
stances could be due to a direct chemical action or to impairment of the
immune system or to both (Doll & Kinlen, 1970; Gilbert, 1972; Good, 1973;
Kripke & Borsos, 1974; Kroes et ql., 1975; Kriger, 1974; Leibowitz &
Schwartz, 1971; Penn, 1974).
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Since many of these substances have been shown to cause cancer in
animals, the possibility must be considered that they have a similar effect
in man. However, with the exception of studies of men exposed to mustard
gas and a current prospective study of patients treated with certain of
these drugs for non-malignant disorders (Cameron, 1975; Doll & Kinlen,
1970) , available human data on cancer in relation to the aziridines or
mustards are restricted to case reports. These refer mainly to the occur—
rence of second primary neoplasms (in some instances after only a short
interval) following their use, often in cambination, in the treatment of
malignant diseases, although tumours have also been reported after their
use in non-malignant diseases. The problem is to decide if the incidence
is increased. Although the occurrence of multiple primary neoplasms was
known before the introduction of such drugs, reports concerning their
association with chemotherapy are to be expected, particularly in view of
the increased survival of cancer patients achieved by these means. FEvalu-
ation of second primary tumours is a difficult epidemiological problem,
whatever the treatment. There is, however, a dearth of population studies
that have campared the incidence of second primary tumours in patients
receiving chemotherapy with that in patients who did not receive such
treatment, taking appropriate account of the person-years of experience

after diagnosis of the first cancer.

From a practical standpoint one should not forget that the risk-benefit
balance when prescribing a drug which carries a carcinogenic risk is likely
to be remarkably different in the treatment of fatal conditions like cancer,
especially when no effective alternative treatment is available, fram that
in non-cancerous conditions, especially if alternative forms of treatment

are available.

Selenium was considered by this Working Group in view of the forth-
coming WHO Environmental Health Criteria document on this substance.
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AZIRIDINES






APHOLATE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 52-46-0

Chem. Abstr. Name: 2,2,4,4,6,6-Hexakis (l-aziridinyl)-2,2,4,4,6,6—
hexahydro-1,3,5,2,4, 6~triazatriphosphorine

APN; aziridine, 1,3,5,2,4-6-triazatriphosphorine derivative;
l-aziridinylphosphonitrile trimer; ENT 26,316; hexa(l-aziridinyl)-—
triphosphotriazine; 2,2,4,4,6,6-hexakis (1-aziridinyl)cyclotri-
phosphaza-1,3,5~triene; 2,2,4,4,5,5-hexakis(l-aziridinyl)-2,2,4,4,5,5-
hexahydro-1, 3,5, 2,4, 6-triazatriphosphorine; hexakis(aziridinyl)-

phosphotriazine

1.2 Chemical formula and molecular weight

H,C "~ CH
2 2
| >N N N b
H,c” N o 7 X > 7 N cH, C12taNoP3
H2c\\.N //ll l ~N —~ CH,
H, C N N CH,
N~ Mol. wt: 387.3
LN
N N

7\ 7\
H, C—CH, H.C —CH,

1.3 Chemical and physical properties of the pure substance

(a) Description: Crystals (fram heptane)

(b) Melting—point: 147.5°C (crystallized from heptane) (Stecher,
1968); 154-154.5°C (crystallized fram ethylacetate) (Bowman &
Beroza, 1966)

(c) Spectroscopy data: Infra-red (Ratz et al., 1964); NMR

(Ottmann et al., 1964)
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1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

2.1 Production and use

Apholate can be prepared by the addition of aziridine to 2,2,4,4,6,6-
hexachloro-2,2,4,4,5,5-hexahydrotriazatriphosphorine (Ratz & Grgndmann,
1958); however, it has been produced for research purposes only.

Apholate has been tested as an antineoplastic agent (Chernov et al.,
1959), but it does not appear to have been used for this purpose in human
medicine. It has been shown to be an effective chemosterilant for various
insects (LaBrecque, 1961; Smith et al., 1964), but problems associated
with its application to insects, its toxicity and possible envirormental

effects have prevented its use in this way on a commercial basis.
2.2 Occurrence

Apholate is not known to occur in nature.
2.3 Analysis

Analytical methods for the estimation of apholate include titrimetry,
colorimetry and thin-layer chromatography (Beroza & Borkovec, 1964).
Following its extraction fram biological material, 0.1 ng apholate can be
detected by gas chramatography (Bowman & Beroza, 1966).

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

3.1 Carcinogenicity and related studies in animals

Oral administration

Rat: Sixty weanling male and female Fischer rats received apholate
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in steroid-suspending vehiclet, by gavage, on 5 days per week in daily
doses per animal of 0.003-0.1 mg (12 males and 12 females), 0.3 mg (15
males and 15 females) or 1 mg (maximum tolerated dose, given to 3 males
and 3 females) for up to 1 year. Average survival times ranged from 340
days in males given the highest dose to 565 days in females given the
lowest dose. The tumour incidence was reported to be similar to that in
controls; no tumours were reported to have occurred in animals given the
highest dose level (Hadidian et al., 1968). [The small number of animals
used should be noted. ]

3.2 Other relevant biological data

The oral ID 's of apholate for male and female Sherman rats were
50
found to be 98 and 113 mg/kg bw. The LD50 by skin application was 400-800

mg/kg bw for rats of both sexes (Gaines, 1969; Gaines & Kimbrough, 1964) .

Treatment of Neurospora conidia with apholate induced an increase in
the frequency of recessive lethal mutations (Kaney & Atwood, 1964). After
i.p. injection of 1.5 mg/kg bw apholate into mice, a peak of chramosome
and chramatid aberrations was found in the bone marrow 24 hours later
(Manna & Das, 1973). Treatment of cultured human lymphocytes for 8 hours
with apholate produced 89% abnormal cells with 2.6 gaps or breaks per cell
(Chang & Klassen, 1968).

3.3 Observations in man

No data were available to the Working Group.

4. Coments on Data Reported and Evaluation

4.1 Animal data

In the only available study, apholate was inadequately tested by the
oral route in rats; no evaluation on the carcinogenicity of this chemical

can be made.

*NaCl, Na carboxymethylcellulose, Polysorbate 80, benzyl alcohol
and water
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4.2 Human data

No case reports or epidemiological studies were available to the

Working Group.
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AZTRIDINE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 151-56-4
Chem. Abstr. Name: Aziridine

Azacyclopropane; dihydro-lH-azirine; dimethylenimine; ET;

ethylene imine; ethyleneimine; ethylenimine; ethylimine

1.2 Chemical formula and molecular weight

H.C
2l\NH CH.N Mol. wt: 43.1
c/

1.3 Chemical and physical properties of the pure substance

(@) Description: Colourless liquid with intense ammoniacal odour;
fumes in air; flammable

(b) Boiling-point: 56-57°C at 760 mm Hg

(c) Melting—point: -73.96°C
(@ Density: ' 0.832

() Refractive index: néS 1.412

(f) Spectroscopy data: Extensive data have been compiled by
Dermer & Ham (1969).

(g) Identity and purity test: Forms picrate yellow needles

(m.p., 1420C; crystallized from water); forms oxalate needles
(m.p., 115°¢; decomposition)

(h) Solubility: Miscible with water and virtually all organic

solvents
(1) Volatility: Vapour pressure is 160 mm Hg at 20%.
(j) Stability: Hydrolyses in aqueous solutions to give ethanolamine
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1.4 Technical products and impurities

Aziridine is available cammercially in bottles, in 5-, 25- and 55-
gallon steel cylinders and in tank cars (Dow Chemical Campany, 1966).
Specifications for commercial aziridine require: 99 mole % minimum active
ingredient, 50-150 mg/1 sodium, 0.2% by weight maximum water, and 0.2% by
weilght maximum non-volatile matter (Dermer & Hart, 1966).

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

A review on aziridine has been published (Dermer & Ham, 1969).

2.1 Production and use

Aziridine was prepared by the dehydrobromination of 2-bromoethylamine
by Gabriel in 1888. Commercial production by the cyclization of 2-amino-
ethyl hydrogen sulphate began in Germany in 1938. 1In 1963, a US company
announced (and probably began on a commercial basis) production of aziridine
by the reaction of ammonia and ethylene dichloride (Dermer & Hart, 1966).

Four US producers manufactured 680,000 kg of this chemical in 1964
(Dermer & Hart, 1966). It was listed by one manufacturer in annual US
Tariff Commission production reports over a consecutive four-year period,
appearing last in 1968 (US Tariff Commission, 1970). Currently there is
only one US manufacturer, with an estimated annual production of less than

2.2 million kg.

Aziridine is produced in Europe; however, one producer in the Federal
Republic of Germany suspended sales of this chemical and all derivatives
except polyethyleneimine in 1973. This action was apparently taken as a
result of the US Occupational Safety and Health Administration's inclusion
of aziridine on a list of "occupational carcinogens". Several hundred
thousand kg per year of polyethyleneimine are presently sold to the paper
industry; thus, small quantities of aziridine are consumed captively in

the manufacture of its derivatives.
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Aziridine has been produced commercially in Japan since 1964. Pro—
duction during the period 1970-1974 is estimated to have been 600,000 kg

per year; there is currently only one producer.

Approximately 50% of the aziridine produced in the US is polymerized to
polyethyleneimine containing less than 1 mg/kg residual monomer. Principal
uses for polyethyleneimine are as a flocculant in water treatment and in
the textile and paper industries where it is used as a wet-strength addi-
tive, since its cationic nature results in adhesion to cellulose compounds
(Dow Chemical Company, 1966). It has also been used as an adhesion pro-
moter in various coating applications and as an intermediate in drug, cos-

metic and dye manufacture.

Aziridine is also believed to be used in the production of 2-aziridinyl
ethanol and of triethylenemelamine (Stecher, 1968) and as an intermediate
and monamer for oil additive compounds, ion exchange resins, coating resins,
pharmaceuticals, adhesives, polymer stabilizers and surfactants (Hawley,
1971).

In Japan, aziridine is believed to be used principally in the produc-
tion of polyethyleneimine, although it is also used to produce taurine and
as an intermediate in the production of pesticides and dyestuffs.

2.2 Occurrence
Aziridine is not known to occur in nature.

In the US, occupational exposure is subject to Occupational Safety and
Health Administration standards. These call for monitoring, control methods,
medical surveillance, records and reports and require that an employee's
exposure to aziridine during a 40-hour week not exceed an 8-hour time-
weighted average of 1 mg/m® (0.5 ppm) (US Code of Federal Regulations,

1973).

In the Federal Republic of Germany and the German Democratic Republic
maximum exposure to aziridine is limited to 1 mg/m® (0.5 ppm), and in the
USSR to 0.02 mg/m® (Winell, 1975).

2.3 BAnalysis
Several methods of analysis have been described, including colori-
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metric estimation in non-aqueous medium and in aqueous solution (<5 ug/ml)
by reaction with 4-(4'-nitrobenzyl)pyridine (Epstein et al., 1955;
Preussmann et al., 1969) and in air samples (5-10 ppm v/v) (Crompton, 1965;
Salyamon & Popelkovskaya, 1972); and chromatography on silica gel plates
(Sawicki & Sawicki, 1969) and on paper (Fishbein & Cavanaugh, 1965).

An automated colorimetric method (Terranova, 1969), a chromatographic
separation on ion-exchange resins (Shimcmura et al., 1973) and a gas
chramatographic method (Di ILorenzo & Russo, 1968) have also been reported.

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

3.1 Carcinogenicity and related studies in animals

(a) Oral administration

Mouse: Two groups of 18 male and 18 female mice of the (C57B1/6x
C3H/Anf)F or (C57Bl/6xAKR)F strain were given the same absolute amount
of 4.64 méj/kg bw aziridine b;/ stomach tube daily from the 7th to 28th day
of age. Subsequently, the substance was fed at a concentration of 13 mg/kg
of diet throughout the observation period of 77 or 78 weeks. The total
numbers of mice with tumours were 16/17 males (15 with hepatomas, 15 with

pulmonary tumours) and 15/15 females (11 with hepatomas, 15 with pulmonary
tumours) of the (C57Bl/6xC3H/Anf)F1 strain; 16/16 males (9 with hepatomas,
12 with pulmonary tumours) and 11/11 females (2 with hepatomas, 10 with
pulmonary tumours, 2 with lymphcmas) of the (C57Bl/6xAKR)F strain. The
number of hepatomas and pulmonary tumours combined was sigrllificantly
greater than that in controls (P=0.0l1) for all 4 groups of mice. The
incidences of hepatomas in male and female controls of the two strains were
8/79 and 0/87 in (C57Bl/6xC3H/Anf)F1 mice and 5/90 and 1/82 in (C57Bl/6x
AKR)F1 mice. The respective incidences of lung tumours were 5/79, 3/87,
10/90 and 3/82 (Innes et al., 1969; National Technical Information Service,
1968) .

(b) Subcutaneous and/or intramuscular administration

Suckling mouse: In groups of 18 male and 18 female (C57Bl/6x(33H/Anf)}5‘1
mice and 18 male and 18 female (C57Bl/6xAKR)F1 mice given single s.c.
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injections of 4.64 mg/kg bw aziridine on the 7th day of age followed by
observation up to 80 weeks, tumours developed in 7/18 males (2 lymphomas,
2 hepatomas, 5 pulmonary tumours) of the (C57B1/6xC3H/Anf)F strain and in
6/18 males (6 lung tumours) of the (C57Bl/6XAKR)F strain. One female of
each strain developed a lung tumour. The total number of tumours in males
of both strains was significantly greater than that in controls (P=0.01)

(National Technical Information Service, 1968).

Rat: A group of 6 male and 6 female stock albino rats, 80-120 g,
was given twice weekly s.c. injections of aziridine dissolved in arachis
oil (total dose, 20 mg/kg bw administered over 67 injections). Five males
and 1 female developed sarcamas at the injection site within 355-511 days.
Of 19 control rats treated with arachis oil, 1/10 males developed a sarcoma
at the injection site (568th day) and 1/9 females developed a fibrama at
the injection site (643rd day) [P<0.05]. Fourteen controls died between
209-676 days. An additional group of 6 male and 6 female rats received
twice weekly s.c. injections of aziridine in water (total doses, 12 and
10 mg/kg bw in males and females, given over 59 injections). One male
developed a tumour described as a transitional-cell carcincma in the kidney
(456th day) and 2 females developed sarcomas at the injection site (166th
and 447th days) (Walpole et al., 1954).

3.2 Other relevant biological data

Aziridine is toxic to mice, the IC_ being 3.93 mg/1 (observation
time, 10 days) for animals exposed for 10 minutes (Silver & McGrath, 1948),
and to rats and guinea-pigs, the latter being more sensitive. The LC
after 3 hours in rats and guinea-pigs was about 250 mg/1l in air; exposure
to 25 mg/1 caused deaths within 4-8 hours due to lung injury and necrosis
of kidney tubular epithelium (Carpenter et al., 1948). The oral ID was
15 mg/kg bw in male albino rats (Smyth et al., 1941) and the LD by skin
contact was 14 mg/kg bw in guinea-pigs (Carpenter et al., 1948) Changes
in blood vessels, destruction of lymphatic follicles, necrosis of spermato-
genic epithelium, degeneration in the liver, kidneys and myocardium and
extracapillary glomerulonephritis have been observed. Daily inhalation in
air of 0.01 mg/1 for 4 hours for 1.5 months caused catarrhal bronchitis,
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diminishing of lymphatic elements in lymph glands and degenerative changes

in liver and kidneys in rats (Zaeva et al., 1966).

About half of 0.30-0.42 mg/kg bw '*C-aziridine administered intraperi-
toneally to rats was excreted in the urine. A small amount of aziridine
was excreted as such in the urine, but the major portion of the excreted
radioactivity was found as a number of unidentified products. Three to
five percent of the activity was expired as 00 , and 1-3% was expired
probably as aziridine. Radioactivity was wideiy distributed, with some
accunulation in the liver, intestines, caecum, spleen and kidneys (Wright
& Rowe, 1967).

In Neurospora crassa, aziridine produced leaky mutants, mutants with
non-polarized camplementation patterns, mutants with polarized complemen-
tation patterns, non-camplementing mutants and multilocus deletions (Ong
& de Serres, 1973). 1In Saccharomyces cerevisiae, it induced mitotic
recambination (Zimmermann & von Laer, 1967) and gene conversion (Zimmermann,
1971).

In Drosophila melanogaster it induces both transmissible translocations
and sex-linked recessive lethals (Alexander & Glanges, 1965; Sram, 1970},
and it causes specific locus mutations in silkworms (Bombyx mori) (Inagaki
& Oster, 1969).

In barley aziridine induces a high frequency of chlorophyll-deficient
mutations (Nawar et al., 1971) and a wide distribution of eceriferum

mutations (von Wettstein et al., 1968).

When rabbits were inseminated with spermatozoa which had been treated
with aziridine in vitro, only 40% of embryos were viable relative to the
number of corpora lutea, in comparison to 78% in controls (Nuzhdin &
Nizhnik, 1968).

Acute toxic effects of inhaled aziridine vapours in man were first
reported by Danehy & Pflaum (1938). Cases of accidental exposure to
aziridine and N-ethyl aziridine vapours involving a febrile or afebrile
reaction, conjunctiVitis, respiratory tract irritation, oedema and
albuminuria have also been reported (Weightman & Hoyle, 1964). Aziridine

also causes burns on the skin.
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3.3 Observations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation!

4.1 Animal data

Aziridine is carcinogenic in two strains of mice following its oral
administration, producing an increased incidence of liver-cell and pulmonary
tumours. Subcutaneous injection of single doses in suckling mice produced
an increased incidence of lung tumours in males. In one experiment in
rats it increased the incidence of tumours at the injection site following

its subcutaneous injection in oil.
4.2 Human data

No case reports or epidemiological studies were available to the

Working Group.

!See also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volume, p. 15.
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2- (1-AZIRIDINYL) ETHANOL

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 1072-52-2
Chem. Abstr. Name: 1-Aziridineethanol

B-Hydroxy-l-ethylaziridine; N-(B-hydroxyethyl)aziridine; N-(2-
hydroxyethyl)aziridine; #N-(2-hydroxyethyl)ethylenimine; 2- (hydroxy-
ethyl)ethylenimine; 1-(2-hydroxyethyl)ethylenimine

1.2 Chemical formula and molecular weight

C4H9NO Mol. wt: 87.1

1.3 Chemical and physical properties of the pure substance

(a). Description: Colourless liquid

(b) Boiling-point:  40-45°C at 1.9-2.5 mm Hg; 69-71°C at 16 m Hg;
154-156°C at 760 mm Hg

(c) Refractive index: n2’ 1.453; n20 1.447

(d) Reactivity: Hydrolyses to give diethanolamine

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.
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2.1 Production and use

2-(1-Aziridinyl)ethanol can be prepared by the addition of aziridine to
ethylene oxide (Wilson, 1949). According to industry sources, it has been
produced commercially, only in the US, since about 1965. Production by one
campany in 1973 was about 45,000 kg.

2-(1-Aziridinyl)ethanol is reported to be used camercially in the US
in the modification of latex polymers for coatings, textile resins and
starches. It is also used by manufacturers of modified cellulose products
such as paper, wood fibres and fabrics.

It has been tested as an insect chemosterilant (Borkovec et al., 1968),
but it is not used commercially for this purpose because of problems
associated with its application to insects, its toxicity and environmental

effects.
2.2 Occurrence

2-(1-Aziridinyl)ethanol is not known to occur in nature.
2.3 Analysis

Chromatographic separation on ion-exchange resins (Shimomura et al.,
1973) and its determination by gas-liquid chromatography (Zager et al.,
1969) have been described.

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

3.1 Carcinogenicity and related studies in animals

Subcutaneous and/or intramuscular administration

Mouse: Thirty 6-8-week old female ICR/Ha Swiss mice were given weekly
s.c. injections of 0.3 mg 2-(l-aziridinyl)ethanol in 0.05 ml tricaprylin
for 75 weeks, the duration of the experiment. After 21 weeks, when the
first tumour occurred, 26 mice were alive and 10 mice had developed tumours
at the injection site described as lymphosarcamas (5), fibrosarcomas (4)
and an adenosarccma (1). No tumours at-the injection site occurred in 30
control mice treated with the vehicle for up to 93 weeks (Van Duuren et
al., 1971).
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3.2 Other relevant biological data

Single doses of 40-50 mg/kg bw 2-(l-aziridinyl)ethanol given intra-
venously to cats caused death in some animals within 2-4 hours (Zager et
al., 1969).

Single oral doses ranging from 125-1000 mg/kg bw produced liver necro-
sis in rats. Oral administration of 10 mg/kg bw to rats for 5 days caused
depletion of the bone marrow and atrophy of the lymph nodes, thymus and
spleen (Zager et al., 1969).

2—-(1-Aziridinyl)ethanol induced sex-linked recessive lethals in
Drosophila melanogaster (Filippova et al., 1967).

3.3 CObservations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation!

4.1 Animal data

2-(l-Aziridinyl)ethanol is carcinogenic in mice, producing malignant
tumours at the site of its subcutaneous injection in the only available

study.
4.2 Human data

No case reports or epidemiological studies were available to the

Working Group.

1See also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volume, p. 15.
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AZIRIDYI, BENZOQUINONE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 800-24-8

Chem. Abstr. Name: 2,5-Bis (1-aziridinyl) -3, 6~bis (2-methoxyethoxy) —

para-benzoquinone

Benzoquinone aziridine; 2,5-bis (l-aziridinyl) -3, 6-bis (2-methoxy-
ethoxy) -2, 5~cyclohexadiene-1, 4~dione; 2,5-bisaziridinyl-3,6-bis-
(methoxyethoxy)quinone; 2,5-bisaziridinyl-3,6-bis (2-methoxyethoxy) ~
quinone; 2 ,5-bismethoxyethoxy-3, 6-bisethyleneimino-1, 4-benzoquinone;
3,6—bis(8-methoxyethoxy)—2,5—bis(ethylenimino)—para—benzoquinone;

2, 5-methoxyethoxy-3, 6-bis (ethylenimino) -1, 4-benzoquinone

A 139; Bay A 139; Bayer A 139; Bayer E 39; Bayer E 39 Soluble;

E 39 Soluble
1.2 Chemical formula and molecular weight
o)
1l ACH:
CH,.0.CH,.CH,0 N |
N
CH,
H.,C
ZI\N "~ 0.CH,.CH,.0.CH,
HC” 0
c, H,,N,O Mol. wt: 338.3

167227276

1.3 Chemical and physical properties of the pure substance

(a) Description: Grey needles fram petroleum ether

(b) Melting-point: 79-80.5°C

(c) Stability: Unstable in water or polar solvents

1.4 Technical products and impurities

No data were available to the Working Group.
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2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

2.1 Production and use

Aziridyl benzoquinone can be prepared by the addition of 3,6-dichloro-
2,5-di(l-aziridinyl) -1, 4~benzoquinone to the sodium salt of ethylene glycol
monamethyl ether (Farbenfabriken Bayer AG, 1958). It has been produced for
research purposes only; however, it has reportedly been used clinically
for the treatment of human cancer (Anon., 1959).

This chemical has also been tested as an insect chemosterilant (Crystal
& LaChance, 1963), but it is believed that problems associated with its
application to insects, its toxicity and possible environmental effects

have prevented its use in this way on a commercial basis.
2.2 Occurrence

Aziridyl benzoquinone is not known to occur in nature.
2.3 Analysis

An autamated colorimetric method using 4-(4'-nitrobenzyl)pyridine for
the determination of a number of aziridine compounds has been proposed

(Terranova, 1969).

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

3.1 Carcinogenicity and related studies in animals

Intraperitoneal administration

Mouse: Four groups each of 15 male and 15 female 4-6 week old A/J
mice were injected with 0.2 ml of an aqueous solution of aziridyl benzo-
quinone 3 times per week for 4 weeks (total doses, 0.47, 1.87, 7.5 and
30 mg/kg bw). The experiment was terminated at 39 weeks and lung tumours
were found in 18/29 (62%), 8/22 (36%), 16/25 (64%) and 24/28 (86%) treated
mice, compared with 39.5% and 31.4% of 385 male and 392 female vehicle-
injected controls. The numbers of lung tumours per mouse were 0.50 and 0.36
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in male and female controls, compared with 0.8, 0.4, 1.4 and 2.9 in the

four treated groups. In these experiments aziridyl benzoquinone was reported
to be about 12 times less potent than uracil mustard on a molar basis
(Shimkin et al., 1966). [Tumour incidences were significantly different from
those in controls (P<0.01) at the lowest and two highest dose levels. ]

3.2 Other relevant biological data

Aziridyl benzoquinone induced a high frequency of chromosome aberra-—
tions in freshly-prepared cultures of human leucocytes (Beek & Obe, 1974;
Obe, 1973).

3.3 Observations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation®

4.1 Animal data

Aziridyl benzoquinone is carcinogenic in mice following its intra-
peritoneal injection, the only species and route tested, producing an
increase in the incidence of lung tumours.

4.2 Human data

No case reports or epidemiological studies were available to the

Working Group.

!see also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volume, p. 15.
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BIS (1-AZIRIDINYL) MORPHOLINOPHOSPHINE SULPHIDE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 2168-68-5
Chem. Abstr. Name: 4-[Bis(l-aziridinyl)phosphinothioyl Imorpholine

N, N'-Diethylenemorpholinophosphinothioic diamide; W,N'-diethylene-

N'-(3-oxapentamethylene) phosphorothioic triamide; diethylene oxapenta-
methylenethiophosphoramide; morzid; opspa; N-(3-oxapentamethylene)-
N',N"-diethylenethiophosphoramide; thiomorpholidophosphoric diethylen-

imide

1.2 Chemical formula and molecular weight

/\ ﬁ /CH ) CgHy (N,0PS
o N—P—N" |
\_/ | cH,
N\ Mol. wt: 233.2
H,C——CH,

1.3 Chemical and physical properties of the pure substance

(2) Description: White crystals

(b) Melting-point: 75-77°C

(c) Solubility: Slightly soluble in water; very soluble in benzene,
toluene and hot petroleum ether

(d) Reactivity: Boiling for 1 hour in 1 N HC1 leads to a quantitative
release of morpholine with a yield of phosphate limited to 10%,
which indicates that the morpholine side chain is released much
more readily than are the aziridine rings (Maller & Heidelberger,
1957Db) .

1.4 Technical products and impurities

No data were available to the Working Group.
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2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

2.1 Production and use

Bis(l-aziridinyl)morpholinophosphine sulphide (opspa) can be prepared
by the reaction of morpholine with PSCl3 in the presence of triethylamine,
followed by reaction of the product [N-(3-oxapentamethylene)-N',NV"-dichloro—
thiophosphoric acid] with aziridine in the presence of triethylamine
(Parker et al., 1952).

Opspa has been produced for research purposes and has been tested
clinically as an antineoplastic agent (Anon., 1959). It has also been
shown to be effective as an insect chemosterilant (Klasen et al., 1968;
LaBrecque, 1961; Smith et al., 1964), but it is believed that problems
associated with its application to insects, its toxicity and possible
environmental effects have prevented its use in this way on a commercial

basis.
2.2 Occurrence

Opspa is not known to occur in nature.
2.3 Analysis

The standard titration method for the determination of intact aziridine
rings can be used for estimation of this chemical (Heidelberger & Baumann,
1957) . For determinations in biological fluids, the procedure for the
estimation of alkylating agents based on a colour reaction with 4—(4'-
nitrobenzyl)pyridine could be used (Truhaut et al., 1963). With this
method the limit of detection is less than 1 ug/ml (Terranova, 1969).

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

3.1 Carcinogenicity and related studies in animals

Intraperitoneal administration

Mouse:  Four groups each of 15 male and 15 female 4-6 week old A/J
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mice were injected with opspa dissolved in water 3 times per week for 4
weeks; animals were killed 39 weeks after the first injection (total
doses, 1.9, 7.5, 30 and 120 mg/kg bw). The numbers of surviving animals
at that time were 28, 28, 30 and 24; and 11 (39%), 16 (57%), 13 (432%) and
20 (83%) of these had developed tumours, the average numbers of lung tumours
per mouse being 0.4, 1.0, 0.6 and 2.0. In 385 male and 392 female vehicle-
injected controls, 39.5% of males and 31.4% of females developed lung
tumours, with averages of 0.50 and 0.36 lung tumours per mouse. In these
experiments opspa was reported to be 125 times less potent than uracil
mustard (Shimkin et al., 1966). [Tumour incidences were significantly
different from those in controls at the highest dose level (P€0.001) and
at the 7.5 mg/kg bw dose level (P<0.02).]

3.2 Other relevant biological data

Acute toxicities for different species have been reported; monkeys,
dogs and rats were more sensitive to the drug than mice (Schiidt et aZ.,
1965a,b) .

In mice treated with '*C- or *?pP-labelled opspa, the campound was
metabolized by desulphuration to the corresponding phosphoramide, bis (1-
aziridinyl)morpholinophosphine oxide; and some was converted to morpholine
and to inorganic phosphate (Maller & Heidelberger, 1957b). The principal
excretion route was via the urine, in which 50-75% of the radioactivity
appeared during the first 24 hours; only small amounts were expired as
carbon dioxide or voided with the faeces (Maller & Heidelberger, 1957a).
Twice as much morpholine was excreted in the urine after oral as compared
to i.p. administration of opspa (Heidelberger & Baumann, 1957; Maller &
Heidelberger, 1957b). In rats, unchanged opspa was found in trace amounts
only in urine and tumour tissue (Maller & Heidelberger, 1957b).

Administration of compound SKF 5257 (B-diethylaminoethyldiphenyl-
propylacetate) to rats prior to an injection of opspa inhibited its degra-
dation; thus, increased amounts of unchanged drug appeared in the urine,
plasma and liver (Maller & Heidelberger, 1957b).

In rats there was no evidence of selective localization in normal

or in transplantable tumour tissues. Tissue fractionation studies
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demonstrated that the major part of the radiocactivity present in liver

and tumour tissue was in the aqueous and lipid fractions; some material
was bound to proteins, and small quantities were found in the crude nucleic
acid fraction (Maller & Heidelberger, 1957a).

In man, absorption of *?P-opspa from the site of its i.m. injection
was very much faster from a saline vehicle than from a corn oil vehicle.
Excretion was principally via the urine: after 3 days about 50% of the
injected radioactivity was recovered in the urine, and only trace quantities
were excreted in the faeces. As in the rat, there was no evidence of
selective localization in normal tissues or in tumour biopsy samples (Maller
et al., 1957).

3.3 Observations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation!

4.1 Animal data

Bis(l-aziridinyl)morpholinophosphine sulphide is carcinogenic in mice
following its intraperitoneal injection, the only species and route tested,

producing an increase in the incidence of lung tumours.
4.2 Human data

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

ISee also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volume, p. 15.
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2-METHYIAZIRTIDINE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 75-55-8

Chem. Abstr. Name: 2-Methylaziridine

2-Methylazacyclopropane; methylethylenimine; propyleneimine;

1,2-propyleneimine; propylenimine; 1,2-propylenimine

1.2 Chemical formula and molecular weight

C,H_N Mol. wt: 57.1

HyC 3ty

\N /CH—CH3

1.3 Chemical and physical properties of the pure substance

(a)

Description: Colourless, oily liquid with odour like aliphatic

amines; fuwes in air; flammable

Boiling-point: 66-67°C at 760 mm Hg

Melting-point: -6 5°C
Density: dff 0.802

Refractive index: nés 1.409

Spectroscopy data: Extensive data have been campiled (Dermer &
Ham, 1969).

Solubility: Miscible with water; soluble in ethanol
Volatility: Vapour pressure is 112 mm Hg at 20°c.

Stability: Polymerizes easily; hydrolyses in aqueous or

hydrochloric acid solutions to give methylethanolamine

Reactivity: Reacts with carbonyl compounds, quinones and
sulphonyl halides
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1.4 Technical products and impurities

High-purity 2-methylaziridine (inhibited with sodium hydroxide) is
available in the US in 1-55 gallon drums, in 127 kg cylinders and in tank
car or tank truck quantities (Anon., undated).

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble
p. 17.

2.1 Production and use

2-Methylaziridine can be prepared by the addition of hydrogen chloride
to l-amino-2-propancl to form 2-chloropropylamine hydrochloride, which is
then treated with sodium hydroxide (Schaefer, 1955). It is manufactured
commercially by cambining 1,2-dichloropropane with ammonia at elevated

temperatures (Dermer & Hart, 1966).

In 1965 there were two US manufacturers of this chemical (Dermer &
Hart, 1966); however, at the present time, it is manufactured in cammercial
quantities by only one US manufacturer, and separate production data are
not available. According to industry sources, 2-methylaziridine was

produced commercially in Japan for several years in the 1960's.

2-Methylaziridine is apparently used in the US exclusively as an inter-
mediate, since no evidence was found of its use in the monomeric form.
Reactions with this chemical fall into two general groups: as a secondary
amine yielding N-substituted propylene imines in which the ring is intact
and as a cyclic amine involving ring opening reactions. Its main use is in
the modification of latex surface coating resins to improve adhesion.
Polymers modified with 2-methylaziridine or its derivatives have been used
in the adhesive, textile and paper industries, because of the substantive
bonding of imines to cellulose derivatives. 2-Methylaziridine has been
used to modify dyes for specific adhesion to cellulose, and derivatives
have also been used in photography, in gelatins and in sYnthetic resins.
In the oil additive industry, this chemical and its derivatives have been
used as modifiers for viscosity control, high pressure performance and

oxidation resistance. Other uses have been in flocculants used in petroleum
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refining, as a modifier for rocket propellant fuels, in fibre modification
and in imine derivatives for use in human medicine and agricultural chemicals
(Anon., undated). Its main use in Japan was probably in the treatment of
paper.

2.2 Occurrence

2-Methylaziridine is not known to occur in nature.

The US Occupational Safety and Health Administration standards for
occupational exposure to skin contaminants require that an employee's
exposure to 2-methylaziridine not exceed 5 mg/m® (2 ppm) in air (US Code
of Federal Regulations, 1973). A similar threshold limit value has been
established in the Federal Republic of Germany (Anon., 1974).

2.3 BAnalysis

Gas chromatographic analysis (Di Lorenzo & Russo, 1968), thin-layer
chromatography (Sawicki & Sawicki, 1969) and chromatographic separation of
2-methylaziridine on ion-exchange resins (Shimomura et al., 1973) have
been described.

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

3.1 Carcinogenicity and related studies in animals

Oral administration

Rat: A group of 26 male and 26 female Charles River CD rats, 6 weeks
of age, received 20 mg/kg bw 2-methylaziridine in water by gavage twice
weekly for 28 weeks. Twenty-eight tumours were found within 60 weeks in
22/52 animals: 3 gliomas, 3 ear—-duct squamous-cell carcinamas, 2 intestinal
adenocarcinamas and 6 leukaemias occurred in males; and 10 breast tumours
(mainly adenocarcincmas), 1 glicma and 3 miscellaneous tumours (not specified)
occurred in females. In another group of 26 male and 26 female rats given
10 mg/kg bw for 60 weeks, 45 tumours were found in 37/52 animals: 4 gliomas,
3 ear-duct squamous-cell carcinomas, 2 intestinal adenocarcincmas, 4
leukaemias and 4 miscellaneous tumours (not specified) occurred in males;

and 20 breast tumours, 2 gliomas, 3 ear-duct squamous—cell carcinamas and
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3 miscellaneous tumours occurred in females. One pituitary adenoma was
observed among 6 male and 6 female controls killed after 61 weeks (Ulland
et al., 1971).

3.2 Other relevant biological data

The toxicity of 2-methylaziridine is similar to that of aziridine. In
rats, the oral ID has been reported to be 19 mg/kg bw; their exposure by
50
inhalation to 500 ppm (1.2 mg/1) in air for 4 hours resulted in the death

of most animals (Carpenter et al., 1948).

3.3 Observations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation'

4.1 Animal data

2-Methylaziridine is carcinogenic in rats following its oral administra-—
tion, the only species and route tested, producing a variety of malignant

tumours.
4.2 Human data

No case reports or epidemiological studies were available to the

Working Group.

!See also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volume, p. 15.
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TRIS (AZIRIDINYL) —-para-BENZOQUINONE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 68-76-8

Chem. Abstr. Name: 2,3,5-Tris(l-aziridinyl) -2, 5-cyclohexadiene-
1,4-dione

1,1'1"-(3,6-Dioxo-1, 4—~cyclohexadiene-1, 2, 4-triyl)trisaziridine;

TEIB; triaziquinone; triaziquone; triethyleneiminobenzoquinone;
triethyleniminobenzoquinone; 2,3, 5-triethylenimino-1, 4-benzoquinone;
2,3,5~tris (aziridino) -1, 4-benzoquincne; 2 13,5—tris (aziridinyl)-1, 4-
benzoquinone; 2,3,5-tris( l-aziridinyl) ~para-benzoquinone; tris-
(ethyleneimino) benzoquinone; 2,3, 5-trisethyleneiminobenzoquinone;
trisethyleneiminoquinone; 2,3,5-tris (ethylenimino)benzoquinone;
2,3,5-tris(ethylenimino) -1, 4-benzoquinone; 2,3,5-tris (ethylenimino) -
para-benzoquinone

Bayer 3231; Oncovedex; Prenimon; Riker 601; 10257 R.P.; Trenimon

1.2 Chemical formula and molecular weight

0 CH, C15H3N30,
] hd’,
N
CH,
H
N 1. wt: 231.2
HZC/ g CH, Mol. wt

1.3 Chemical and physical properties of the pure substance

(a) Description: Purple needles fram ethyl acetate

(b) Melting-point: 162.5-163°C

(c) Solubility: Sparingly soluble in cold water; soluble in
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acetone, benzene, chloroform, ethyl acetate, methanol and warm

acetic acid

1.4 Technical products and impurities

Tris(l-aziridinyl)-para-benzoquinone (triaziquone) is available in
dry form in ampoules containing 0.2 mg and as an oily suspension in
enteric-coated capsules containing 0.5 mg (Blacow, 1967).

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

2.1 Production and use

Triaziquone can be prepared by the addition of 2,6-dimethoxy-1,4-
benzoquinone to aziridine (Gauss & Damagk, 1961). No indication was found
that it is produced in commercial quantities in the US, although it has
been produced for research purposes. It is manufactured in the Federal
Republic of Germany.

Triaziquone is used in the treatment of neoplastic diseases. The oral
dosage varies from 0.5 mg/day to 1 mg/week; the i.v. dosage is usually
0.2 mg daily or every other day up to a total of 7 mg; and injections of
0.2-0.5 mg may be made into tumours. Triaziquone has been given intra-
peritoneally at a dosage of 1-4 mg every 4 days, and also intrapleurally
(Blacow, 1967).

This chemical has been tested in the US as an insect chemosterilant
(Borkovec et al., 1968), but it is believed that problems associated with
its application to insects, its toxicity and environmental effects have

prevented its use in this way on a commercial basis.
2.2 Occurrence

Triaziquone is not known to occur in nature.
2.3 Analysis

The colorimetric estimation of triaziquone in urine, blood and tissue

extracts or homogenates using 4-(4'-nitrobenzyl)pyridine has been described
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(Obrecht et al., 1967); an autcmated colorimetric method using the same
canpound has also been described (Terranova, 1969).

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

3.1 Carcinogenicity and related studies in animals

(a) Intravenous administration

Rat: Forty-eight male BR 46 rats, 100 days old, were injected intra-
venously once weekly with 0.03 mg/kg bw triaziquone (7% of the ID ) for 52
weeks (total dose, 1.56 mg/kg bw). After 16+3 months, 11/45 (24%)50am'mals
had developed malignant tumours at various sites, and benign tumours were
found in 4/45 animals. The malignant tumours were 5 sarcamas of the
abdominal cavity, 1 lung squamous—cell carcinoma, 1 liver-cell carcinoma,

1 haemangiosarcoma of the salivary gland, 1 haemangiosarcoma of the kidney,
1 ear—duct carcinoma and 1 subcutanecus sarcaoma. The benign tumours were
2 adenamas of the bronchus and 2 subcutaneous fibromas. After 23+5 months,
4/65 control rats had developed malignant tumours (3 mammary sarcomas and
1 phaeochramocytoma) and 3 animals had benign tumours (2 thymomas and 1
mammary fibrama) (Schmahl & Osswald, 1970). [P<0.02].

(b) Intravenous and intraperitoneal administration

Rat: Forty male BR 46 rats, 100 days of age, were injected intra-
venously once weekly with 0.03 mg/kg bw triaziquone for about 25 weeks.
Thereafter the same dose was administered intraperitoneally for another
33 weeks (total dose, 1.74 mg/kg bw). After 16+2 months, 8 animals
developed malignant tumours: 3 abdaminal sarcamas, 1 reticulosarcomatosis,
1 myeloid leukaemia, 1 fibrosarcoma of the ribs, 1 Iung carcinoma and 1
carcinoma of the kidney. Four animals had benign tumours: 1 an adenama
of the kidney in addition to a fibroma of the skin, 1 an adenoma of the
bronchus, 1 a fibroma of the skin and 1 a thymoma. Among 50 control rats,
1 thymoma occurred within a period of 26 months (Schmihl, 1967).

3.2 Other relevant biological data

Klamerth & Kopun (1971) reported alkylation of DNA in vitro by
triaziquone. ‘
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In Saccharomyces cerevisiae, triaziquone increased the gene conversion
frequency by 100 times as compared to the spontanecous background at 32%
inactivation (Zimmermann, 1971). In Drosophila melanogaster injected with
triaziquone, the frequency of sex—chramoscme loss and of the formation of
sex-linked recessive lethals increased significantly (Mollet, 1973; Vogel,
1973). Chromosame aberrations in erythroblasts resulted in micronuclei in
young polychromatic erythrocytes: in Chinese and Syrian golden hamsters,
mice, rats and guinea-pigs a dose of 0.062 mg/kg bw resulted in a 5-10
times higher frequency of micronuclei than in controls. Similar results
were obtained with 4 rhesus monkeys injected with 0.062 and 0.125 mg/kg bw
(Matter & Schmid, 1971) and with ICR mice (von Iedebur & Schmid, 1973).

I.p. injection of triaziquone into male mice (Rohrborn, 1965) or female
mice (Machemer & Hess, 1973; Rohrborn & Berrang, 1967) resulted in an
increased frequency of dominant lethals. The doses ranged fram 0.125-

0.25 mg/kg bw; these were within the range of the clinical dose.

Human leucocytes treated with triaziquone in vitro showed a significant
increase in the frequency of several different types of aberrations (Obe,
1968) . The lowest effective dose for the induction of chramosome aberra-
tions was 2.8 x 10_10 mol/1 (Kaufmann et al., 1973).

3.3 Observations in man

Three patients, one with an adenocarcincama of the colon with metastases
to the lung, one with a mammary carcinama with metastases to the lymph nodes
and one with a squamous-cell carcincma of the bronchus without metastases,
were treated with triaziquone for 52, 17 and 42 months, respectively. In
one case androgens were given also. Leucopaenia was evident in all three
cases, and at autopsy, 10 months to 4% years after the end of treatment,
atypical reticulum—cell growths described as "neoplastic reticulosis" were
found in the bone marrow, spleen and lymph nodes (Terbriggen, 1965).
Treatment of a myosarcoma with triaziquone for 11 years was associated with
the later occurrence of a monocytic leukaemia; a course of radiation had
been given also (Wildhack, 1970). |
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4. Comments on Data Reported and Evaluation!

4.1 Animal data

Tris(aziridinyl)-para-benzoquinone is carcinogenic in rats following
its intravenous injection and also its intravenous followed by intraperi-

toneal administration, producing a variety of malignant tumours.
4.2 Human data

The four available case reports provide insufficient evidence on

which to assess the carcinogenicity of this compound.

'See also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volume, p. 15.
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1.1

1.2

1.3

TRIS (1-AZIRIDINYL) PHOSPHINE OXIDE

1. Chemical and Physical Data

Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 545-55-1

Chem. Abstr. Name: 1,1',1"-Phosphinylidynetrisaziridine

Aphoxide; APO; ENT-24915; phosphoric acid triethylene imide ; TEF;
TEPA; tepa; triaziridinylphosphine oxide; N,N',N"~tri-1,2-ethane-
diylphosphoric triamide; triethylenephosphamide; N, V', N"~triethylene-
phosphoramide; triethylenephosphoric triamide; W,N',N "—triethylene-
phosphoric triamide; triethylenephosphorotriamide; triethylenepyro-
phosphoramide; tris (aziridinyl) phosphine oxide

SK-3818

Chemical formula and molecular weight

(0
H.C\ T CH, CoHy N 0P
N—P— N<
H,C ,!‘ CH, Mol. wt: 173.2
~
H,CZ—CH,

Chemical and physical properties of the pure substance

(a) Description: Colourless crystals; very hygroscopic

(b) Melting-point: 41°C

(¢) Boiling-point:  90-91°C at 23 mm Hg

(d) Spectroscopy data: The infrared spectrum has been reported
(Spell, 1967).

(e) Solubility: Very soluble in water, ethanol, ether and acetone

() Stabilitz: Stable in aqueous solution at low temperature, but
rapidly degraded by boiling. At an initial PH of 6.8 and
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temperatures of 3, 25, 50 and 100°C, the half-lives of 0.3%
solutions of tris(l—aziridinyl)phosphine oxide (tepa) in terms of
imine function were >200, 31, 7 and <0.1 days, respectively. The
rate of degradation of tepa was pH—-dependent: it was relatively
stable at pH 9 but degraded rapidly at pH 4 (Beroza & Borkovec,
1964).

For long-term storage, tepa has been suspended in sesame oil
under unspecified conditions; however, some degradation was noted
after 22 months (Thiersch, 1957). Storage has been achieved
using anhydrous polyethyleneglycol (Nakabayashi, 1960).

(g) Reactivity: Decamposes in acid solution with the formation of
aziridine; NMR spectroscopy revealed other decomposition products
which were attributed to the opening of aziridine rings rather
than to cleavage of P-N bonds. During slower degradation in
alkaline solution, aziridine itself was not observed (Beroza &
Borkovec, 1964). Ring opening has also been observed on reaction
with carboxylic acids (Brock, 1963, quoted in Dermer & Ham, 1969).

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

2.1 Production and use

Tepa can be prepared by the addition of aziridine to phosphorous
oxychloride (Bestian, 1950). It has been estimated that approximately
400,000 kg of the chemical were consumed in the US in the late 1960's for
flame-retardant treatment of military cotton. Its use in this application
was terminated when the sole US cammercial manufacturer discontinued pro-

duction for economic reasons (Lyons, 1970).

Industry sources report that several hundred kg per month of tepa were
manufactured by one company in Japan in the late 1960's and early 1970's,
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all of which was apparently exported to the US for use in textile appli-
cations. Tepa is produced in the Federal Republic of Germany (Chemical

Information Services, Ltd, 1975).

Clinical trials of tepa as an antineoplastic agent were reported in
the US in 1953 (Farber et al., 1953). Although it was tested in animals
and humans, it was never extensively used in cancer therapy due to the
discovery of an equally effective but less toxic sulphur analogue, tris-
(1-aziridinyl)phosphine sulphide (Smith et al., 1964).

Although tepa was shown to be effective as a chemosterilant for a
variety of insects (Smith et al., 1964), problems associated with its
application to insects, its toxicity and envirommental effects have pre—

vented its use in this way on a commercial basis.

Tepa has been used as an acaricide, in the permanent press treatment of
cotton (Lyons, 1970), in textile dyeing, in polymer stabilization, as a
photographic emulsion hardener (Stecher, 1968) and as a modifier to increase
specific adhesion to certain substrates (Dermer & Hart, 1966). It has
also been used to impart permanent flame resistance to cotton fabrics by
reaction with tetrakis (hydroxymethyl)phosphonium chloride (Drake et al.,
1961).

2.2 Occurrence

Tepa is not known to occur in nature.

2.3 BAnalysis

A titration procedure based on the reaction of the aziridine groups
with thiosulphate has been used for the determination of tepa in solution
(Allen & Seaman, 1955). Colour reactions using 4-(4'-nitrobenzyl)pyridine
have also been used (Epstein et al., 1955; Preussmann et al., 1969;
Terranova, 1969). The separation of tepa from preparations of pulverized
insects prior to its determination by colorimetric procedures has been
achieved by the use of colums containing anhydrous sodium sulphate and
silica gel (Collier & Tardif, 1967).

Solvent systems suitable for use in the identification of urinary

metabolites by paper chromatography have been reported (Craig & Jackson,
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1955; Nadkarni et al., 1957). Thin-layer systems on plates of silica
gel have been developed; those spots containing aziridine functions have
been identified using 4-(4'-nitrobenzyl)pyridine (Beroza & Borkovec, 1964)
and 4-pyridinealdehyde-2-benzothiazolylhydrazone and 4-pyridinealdehyde-4-
nitrophenylhydrazone, sensitive to 0.2 and 1 ug, respectively (Sawicki &
Sawicki, 1969).

A spectrophotofluorimetric method, suitable for determinations in
0.05-0.2 ug/ml body fluid, has been used to determine tepa in the presence
of tris(l-aziridinyl)phosphine sulphide in extracts of biological tissues
and fluids. Separation is based upon the differential solubility of these
two phosphoramides in benzene during the extraction of aqueous samples
(Mellett & Woods, 1960).

NMR spectroscopy has proved useful in studies of the degradation
products of tepa. The intact campound has a characteristic doublet signal,
and singlets are not observed until P-N bonds have been broken (Beroza &
Borkovec, 1964).

More recently, gas chromatographic procedures have provided methods of
analysis sensitive to 0.1 ng. Retention times for tepa have been reported
(Bowman & Beroza, 1970), and a procedure directly applicable to methanolic
extracts of insect tissues has been described (Seawright et al., 1971).

A useful micro-test (not specific for tepa), sensitive to 1 ug, can be made
by reaction with thiosulphate in the presence of a mixed indicator solution,

followed by the addition of sulphuric acid (Beroza & Borkovec, 1964).

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

3.1 Carcinogenicity and related studies in animals

Oral administration

Rat: Six groups of weanling male and female Fischer rats were given
daily doses of 0.001-0.3 mg tepa in steroid suspending vehicle* by gavage

*NaCl, Na carboxymethylcellulose, Polysorbate 80, benzyl alcchol and
water
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on 5 days per week for 1 year. The average survival times were 240 and

500 days for the two highest dose groups and 560 days for the other treated
groups. Of 58 treated animals, 34 developed tumours: 1 adenocarcinoma,

1 fibrosarcama and 6 fibroadencmas of the mammary gland, 10 interstitial-
cell tumours and 1 mesothelioma of the testis, 1 fibroma and 1 fibrosarcoma,
1 lung adenama, 1 hepatoma, 2 bronchial adencmas, 2 squamous—cell carci-
nomas of the ear, 1 skin papillama, 3 lymphamas, 2 others and 1 basal-cell
carcinoma of the lip, which was the only tumour observed at the area of
application. In 653 controls, only 56 tumours were observed at sites other
than the testis; the incidence of interstitial-cell tumours of the testis
was 25/26 in males examined at 600 days; mammary fibroadencmas were in-
trequent, being found mostly in old females (5/160 in rats killed between
531 and 600 days) (Hadidian et al., 1968).

3.2 Other relevant biological data

In rats, the LDSO by oral administration is 37 mg/kg w (Stecher,
1968) and by skin application, 87 mg/kg bw. 1In the rabbit, the maximum
tolerated single dose was 5 mg/kg bw when given intramuscularly and
0.5 mg/kg bw orally (Schmidt, 1954).

After i.p. administration of 3?P-tepa to mice, radiocactivity was not
localized selectively in any of the tissues examined. During the first 24
hours after treatment same 60-75% of the dose was excreted via the urine,
compared with only 2-5% in faeces. In urine, 80% of the radioactivity was
identified as inorganic phosphate, the remainder as an unidentified meta-
bolite which could be hydrolysed to give organic phosphate (Nadkarni et
al., 1957).

In rats, 80% of the radioactivity in blood was associated with haemo-
globin. During the first 24 hours 89-90% of the radicactivity was excreted
in the urine; however, in contrast with the mouse, 50-70% of the urinary

radioactivity was present as unchanged tepa (Craig & Jackson, 1955).

The pattern of metabolism in dogs is essentially similar to that
described for rats. Recovery of unchanged tepa in urine was about 25~30%
of the dose over the same period. Tissue distribution studies showed that

retention was uniformly low, with the exception of bone marrow in which
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selective uptake resulted in a concentration six to ten times that found
in other tissues (Mellett & Woods, 1960).

Sherman rats were treated i.p. with 5-10 mg/kg bw on the 1lth day
of pregnancy: the higher doses were toxic to the mothers and caused some
foetal resorptions and decreased foetal and placental weight. At doses
tolerated by the mothers many resorptions were observed; but, in contrast
with the effects of tris(2-methyl-l-aziridinyl)phosphine oxide, no malfor-
mations were seen (Kimbrough & Gaines, 1968). Freshly-prepared suspensions
of 5 mg/kg bw tepa in sesame 0il given intramuscularly to Wistar rats on
the 4th and 5th, 7th and 8th or 1llth and 12th days of gestation caused
resorption of almost all foetuses (Thiersch, 1957).

Tepa induces back-mutations of an auxotrophic strain of Schizosaccharo-
myces pombe (Zetterberg, 1971), daminant lethals in Musca domestica (LaChance
& Leopold, 1969) and daminant lethals, sex-linked recessive lethals and

Y-II-III chromosome translocations in Drosophila melanogaster (Srém, 1972).

Frequencies of daminant lethals were significantly increased in the
progeny of male Swiss mice given i.p. injections of tepa at doses ranging
fram 0.156-20 mg/kg bw (Epstein et al., 1970). Sram et al. (1970a) obtained
similar results in A/L and C57BL/6J mice. CD rats given an i.p. injection
of 10 mg/kg bw tepa had chromatid aberrations in 87.5% of bone-marrow cells
(Adler et al., 1971).

Induction of transmissible translocations has been found after single
i.p. injections of tepa in male Swiss albino (Epstein et al., 1971) and
A/L mice (Sram et al., 1970b). A high frequency of chramosome aberrations
was observed in vitro after treatment of human leucocyte cultures with
tepa (Chang & Klassen, 1968). ‘

The metabolism of tepa in man is similar to that described for mice
(Nadkarni et al., 1959).

3.3 Observations in man

No data were available to the Working Group.
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4. Coments on Data Reported and Evaluation

4.1 Animal data

Tris(l-aziridinyl)phosphine oxide produced a low incidence of benign
and malignant tumours in rats following its oral administration, the only
species and route tested. The available data are insufficient for evalua—

tion of the carcinogenicity of this compound.
4.2 Human data

No case reports or epidemiological studies were available to the

Working Group.
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TRIS (1~-AZIRIDINYL)PHOSPHINE SULPHIDE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 52-24~4
Chem. Abstr. Name: 1,1 ,l"—Phosphinothioylidynetrisaziridine

Thiophosphamide; thiotepa; thiotriethylenephosphoramide; tri-
aziridinylphosphine sulphide; N,N',N"-tri-1, 2—ethanediylphosphoro—
thioic triamide; &,N' (V"-tri-1,2-ethanediylthiophosphoramide; tri-
(ethyleneimino) thiophosphoramide; N,N',N "-triethylenephosphorothioic
triamide; triethylenethiophosphoramide; WN,N',N "~triethylenethio—
phosphoramide; triethylenethiophosphorotriamide; tris( ethylenimino) -
thiophosphate

Girostan; Oncotepa; TESPA; Tespamine; Thio~TEP; Thio~TEPA;
Tifosyl; TSPA

1.2 Chemical formula and molecular weight

H,C CH,
]
\N —P—N’ | Cetl12N3PS
H,C” | \CH, |
N
Mol. wt: 189.2
HZC/———\CHz

1.3 Chemical and physical properties of the pure substance

(a) Description: White, crystalline solid

(b) Melting-point: 51.5°C

(c) Solubility: 19 g/100 ml water at 250C; freely soluble in
ethanol; soluble in ether, benzene and chloroform

(d) sStability: Dilute aqueous solutions (0.1%) are stable for
months at temperatures below ZOOC; for 45 hours at BOOC; for

2 hours in the presence of oxygen, carbon dioxide or light; and
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for 30 minutes when exposed to UV-light; boiling for 10 minutes
inactivates 35% of the agent (Lidaks et al., 1959). Unstable
at pH 4.2; its destruction is therefore to be expected in the
human stomach (Mellett & Woods, 1960). In dilute solution at
pH 1 hydrogen sulphide is released (t,, approx. 3 hours)
(Benckhuijsen, 1968). °

1.4 Technical products and impurities

Tris (l-aziridinyl)phosphine sulphide (thiotepa) is available in 15 mg
vials containing 97-102% active ingredient. It can also be obtained as a
sterile mixture for injection containing 1 part thiotepa, 5.3 parts sodium
chloride and 3.3 parts sodium bicarbonate; in this form, the product contains
95-110% of the labelled amount of active ingredient (15 mg) and is available
as a powder in ampoules (US Pharmacopeial Convention, Inc., 1970).

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,

p. 17.

2.1 Production and use

Thiotepa can be prepared by the addition of trichlorophosphine sul-
phide to aziridine and triethylamine (Kuh & Seeger, 1954). There is only
one .producer of thiotepa in the United States, and so production data are
not reported. Industry sources report that one Japanese manufacturer
formerly produced small quantities for trial purposes. This chemical is
marketed as an antineoplastic drug in Belgium and Sweden (Société Suisse

de Pharmacie, 1973).

The only known commercial use for thiotepa in the US is as an anti-
neoplastic agent, and investigation of its use in the treatment of leukaemia
is believed to have been the first trial in cancer therapy research (Shay
et al., 1953). 1In 1957 it was listed as a commonly used alkylating agent
for cancer therapy (Endicott, 1957), but by 1973 only 3 kg were used for
antineoplastic purposes in the US. The most consistent results with this
drug have been obtained in the treatment of the following tumours: adeno—

carcinoma of the breast, adenocarcinoma of the ovary, malignant lymphomas
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(giant follicular lymphama, lymphosarcoma, reticulum-cell sarcama, Hodgkin's
disease), bronchogenic carcinoma and Wilm's tumour (Medical Econcmics Co.,
1974; Wright et al., 1958). Recammended initial dosage in adults is 60 mg,
with maintenance dosage adjusted to patient requirements (Medical Economics
Co., 1974). Thiotepa has also been used in caombination with melphalan
(Krementz & Ryan, 1972).

Thiotepa was tested extensively for use as an intermediate in the
manufacture of polymeric flame retardants for cotton (Reeves et al., 1957);
but it has probably not been used cammercially in this way in either the
US or the UK.

Thiotepa has been shown to be an effective insect chemosterilant
(Knipling et al., 1968; Patterson et al., 1971; Smith et al., 1964;
White, 1966), but problems associated with its application to insects, its
toxicity and environmental effects have prevented its use in this way on

a camercial basis.
2.2 Occurrence

Thiotepa is not known to occur in nature.

2.3 Analysis

A variety of procedures are available for the determination of thiotepa
in extracts of body fluids and tissues. Colorimetric determinations using
4-(4'-nitrobenzyl)pyridine have been described (Butler et al., 1967;

Epstein et al., 1955; Klatt et al., 1960; Tan & Cole, 1965; Truhaut et
al., 1963), and the use of Dragendorff and Nessler reagents has been reported
(Buchkova et al., 1972). Other methods of analysis include a sensitive
spectrophotofluorimetric procedure (range, 0.05-0.2 pg/ml body fluid)
(Mellett & Woods, 1960); paper chromatography (Bateman et al., 1960;
Craig et al., 1959); thin-layer chramatography (Benckhuijsen, 1968;
Mirkina & Kharlamov, 1965); titration employing thiosulphate (Allen &
Seaman, 1955; Raine, 1962) or thiocyanate (Ozolins & Egerts, 1968); and
electrochemical procedures (Inkin et al., 1968; Nangniot, 1966). The
most sensitive methods are gas chromatographic techniques, capable of
detecting sub-ng quantities, which were developed in order to follow the
absorption and retention of thiotepa in insects during studies related to
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the use of the drug as a chemosterilant (Bowman & Beroza, 1970; Seawright
et al., 1971). Ion—-exchange chromatography procedures, which may be poten-
tially useful in the identification of metabolites, have also been described
(Plapp & Casida, 1958). Thiotepa may also be assayed by proton magnetic
resonance (Cates, 1973).

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

3.1 Carcinogenicity and related studies in animals

(2) Intraperitoneal administration

Mouse: Three groups of 20 male and female A/He mice, 6-8 weeks old,
were treated with thiotepa in tricaprylin intraperitoneally thrice weekly
for a total of 12 injections. After 24 weeks, total doses of 19, 47 and
94 mg/kg bw had produced 0.70, 0.74 and 1.50 lung adenamas per mouse in
11/20, 20/20 and 16/20 mice, respectively. In controls, 28% and 20% of
77 males and 77 females had developed lung tumours with frequencies of
0.24 and 0.20 lung tumours per mouse. In these tests thiotepa was 20 times
less active on a molar basis than uracil mustard (Stoner et al., 1973).

(b) Intravenous administration

Rat: Thiotepa was administered to 100-day old BR 46 rats at 7% of
the ID (1 mg/kg bw) once weekly for 52 weeks. Malignant tumours developed
in 9/3(5)0 (30%) treated animals: 2 sarcamas of the abdominal cavity, 1
lymphosarcoma, 1 seminoma, 1 haemangioendothelicma, 1 fibrosarcoma of the
salivary glajiild, 1 sarcoma of the mammary gland, 1 pheochramocytama and
1 myelosis; 5/30 (17%) had benign tumours. In controls, malignant tumours
were found in 4/65 (6%) animals: 3 sarcamas of the mammary gland and 1
pheochramocytoma; and benign tumours were seen in 3/65 (5%) animals
(Schmahl & Osswald, 1970) [P<0.01].

3.2 Other relevant biological data

The ID in rats was about 9 mg/kg Iw when given either by the i.v.
50

or i.a. route (Boone et al., 1962). The oral IDSO in mice is 46 mg/kg bw
(Stecher, 1968). Pentobarbital given concamittantly reduced the ID50 of
thiotepa in mice (Munson et al., 1974).
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In mice, thiotepa is rapidly metabolized to tris (1-aziridinyl)phosphine
oxide (tepa): within 30 minutes only tepa and inorganic phosphate were
detected in the urine and plasma. The mouse is exceptional in its ability

to degrade the drug completely to inorganic phosphate (Craig et al., 1959).

In rats, thiotepa was evenly distributed throughout the organs, but
the highest proportion was found in the liver(Craig et al., 1959). Most
of the drug and its principal metabolite, tepa, are excreted in the urine
during the first few hours (Boone et al., 1962), but a small fraction of
radiocactivity was retained in blood haemoglobin after 9 days.

In rabbits and dogs the main urinary metabolite was tepa, and only
trace amounts of inorganic phosphate were found in the urine (Craig et al.,
1959; Mellett et al., 1962).

Thiotepa was teratogenic in pregnant mice injected intraperitoneally
with single doses of 0.5-30 mg/kg lw on various days of gestation. The
minimun teratogenic dose was 1 mg/kg bw; after administration of 10 mg/kg
bw all foetuses were malformed (Tanimura, 1968). After rats were given
5 mg/kg bw thiotepa, gross developmental abnormalities and skeletal defects
were observed in foetuses (Murphy et al., 1958).

Thiotepa increased the frequency of inherited recessive lethals in
Drosophila melanogaster (lLuers & Rohrborn, 1965). Treatment of male
CFLP mice with single i.p. injections of 5 or 10 mg/kg bw thiotepa induced
a high frequency of dominant lethals (Machemer & Hess, 1971). Insemination
-of female rabbits with sperm treated with thiotepa in vitro led to a high
increase in the frequency of daminant lethals (Nuzhdin & Nizhnik, 1968).
Treatment with this chemical of cultured human lymphocytes resulted in a
significant increase in the frequency of chramosome aberrations (Bochkov &
Ruleshov, 1972; Hampel et al., 1966).

In man, 50% of an injection of !“*C-thiotepa either intravenously or
locally into the tumour was excreted in the first 6 hours, and by 48 hours
only low levels persisted (Bateman et al., 1960). Absorption of an orally
administered dose of !“"C-thiotepa was variable: less than 1% of the
injected dose was recovered as unchanged drug in the urine (Mellett et al.,
1962).
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The major metabolite of thiotepa, tepa, has also been tested for

carcinogenicity in experimental animals (see p. 75).

3.3 Observations in man

At least 9 cases of acute leukaemia (7 myeloblastic, 1 myelamonocytic,
1 erythromegakaryocytic) have been reported in patients with malignancies
of the ovary, breast or lung who had been treated with thiotepa for 13-60
months (Allan, 1970; Garfield, 1970; Greenspan & Tung, 1974; Kaslow
et al., 1972; Perlman & Walker, 1973; Ruffner, 1974; Solamon & Firat,
1971; Sypkens-Smit & Meyler, 1970). 1In 6 of the cases, thiotepa was used
with other chemotherapeuﬁic agents and/ or radiation. The interval between
first administration of the drug and diagnosis of leukaemia was 30-84 months.
The occurrence of two cases of acute leukaemia among 400 patients with
ovarian cancer described by Greenspan & Tung (1974) suggests an increased
incidence of acute leukaemia among women with ovarian cancer given chemo-

therapeutic regimens which include thiotepa.

4. Coments on Data Reported and Evaluation!

4.1 Animal data

Tris(l-aziridinyl)phosphine sulphide is carcinogenic in mice following
its intraperitoneal injection and in rats following its intravenous injection,
producing a dose-related increase in the incidence of lung tumours in mice

and a variety of malignant tumours in rats.
4.2 Human data

Reports of 9 cases of acute leukaemia following previous therapuetic
use of thiotepa suggest an association, but they provide insufficient

evidence on which to assess the carcinogenic risk of this compound.

!See also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volume, p. 15.
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2,4,6-TRIS (1-AZIRIDINYL) —s-TRIAZINE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 51-18-3
Chem. Abstr. Name: 2,4,6-Tris(l-aziridinyl)-1,3,5~triazine

ENT 25,296; M-9500; R-246; SK-1133; TEM; TET; tretamine;

1,1',1"-s~triazine-2,4,6-triyltrisaziridine; triaziridinyl triazine;

triethancmelamine; 2,4,6~triethyleneimino-1,3, 5-triazine; triethylene-

melamine; 2,4,6-triethylenimino-s-triazine; 2,4,6-tris(1" —aziridinyl)-

1,3,5~triazine; 2,4,6-tris(ethyleneimino)-s-triazine; tris (ethylene-

imino) triazine; 2,4,6-tris (ethylenimino)-s-triazine
Persistol; Persistol Ho 1/193; Triamelin

1.2 Chemical formula and molecular weight

/(ltH2 CI:Q CqHy Ne
H,C—N N N—CH,

N7
| Mol. wt: 204.2

HZC_ CHZ

1.3 Chemical and physical properties of the pure substance

(@) Description: Colourless crystals fram chloroform

(b) Melting-point: 139°%¢ (decamposition); unstable on heating, has

no sharp melting-point, although it has been given a melting-point

of 150-152°C with decamposition. At 160°C, it initially melts,

then rapidly polymerizes to a white solid (Goldenthal et al., 1958).
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(c) Spectroscopy data: xmax 226 nm in chloroform is used to

identify the compound (Nadkarni. et al., 1954). Details of its
infrared spectrum are given by Spell (1967).

(d) Solubility: At 26°C the solubility in water was 40%; in
chloroform, 28%; in methylene chloride, 20%; in methanol, 12.5%;
in acetone, 10.6%; in dioxane, 9.6%; in ethanol, 7.7%; in
benzene, 5.6%; in dimethyl cellosolve, 4.9%; in methyl ethyl
ketone, 4.7%; 1in ethyl acetate, 4.5%; 1in carbon tetrachloride,
3.6% (Wystrach et al., 1955).

(e) Stability: Stable at low temperatures, but polymerizes readily
on heating. An aqueous solution can be kept for several months
at 4°C in sealed ampoules without appreciable decomposition
(Hendry et al., 1951). Studies at 25°C in buffers at pH 7.5,

5.0 and 3.0 showed that there is almost immediate degradation at
pH 3.0; even at pH 5.0, degradation was rapid; but at pH 7.5
there was very little degradation even after 24 hours (Beroza &
Borkovec, 1964). Recrystallized fram chloroform and stored as a
solid, it has been found to be stable in air at 5°C or 25°C or
under nitrogen at 5°C for at least 48 days; no polymer formation
was detected. Storage of the solid at 75°C led to polymerization
at a rate of approximately 0.25% per day (Wystrach et al., 1955).

1.4 Technical products and impurities

2,4,6-Tris(l-aziridinyl)-s-triazine (TEM) was available in the US in
the form of tablets containing 5 mg (Medical Economics Co., 1974). 1In
Europe it was also available as 5 mg tablets (Bundesverband der Pharma-
zeutischen Industrie, 1974), as enteric-coated tablets containing 2.5 mg

and as ampoules containing 5 mg of the powder (Blacow, 1967) .

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p- 17.
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2.1 Production and use

TEM can be prepared by the addition of cyanuric chloride to aziridine
(Wystrach et al., 1955).

The sole manufacturer of TEM in the US began cammercial production in
1954 (Council on Drugs of the American Medical Association, 1963); however,
by 1973, less than 1 kg of this chemical was manufactured, and according to
the producer its production has been discontinued. In EBurope TEM was sold
by at least two companies, but it has now been withdrawn from the market.
It is believed that TEM has been manufactured in Japan on a laboratory scale

for testing as a pharmaceutical intermediate and as a cross-linking agent.

The only known comercial use for TEM in the US was as an antineoplastic
agent (Anon., 1959). It was reportedly most effective in the treatment of
leukaemias, particularly of chronic lymphocytic leukaemia and chronic myelo-
cytic leukaemia, and of malignant lymphomas, especially Hodgkin's disease
and lymphosarccma (Rundles et al., 1958). The recommended dosage was
2.5-5 mg twice weekly, initially for four weeks (Anon., 1972).

TEM has also been used in the manufacture of resinous products and
textile finishing agents (Dermer & Ham, 1969), and as a modifier for certain
adhesives (Dermer & Hart, 1966).

It has also been tested as an insect chemosterilant (Smith et al. , 1964),
but it is believed that problems associated with its application to insects,
its toxicity and environmental effects have prevented its use in this way

on a commercial basis.
2.2 Occurrence

TEM is not known to occur in nature.
2.3 Analysis

TEM can be analysed colorimetrically using 4-(4'-nitrobenzyl)pyridine
(Epstein et al., 1955; Preussmamn et al., 1969; Truhaut et al., 1963).

The aziridine groups present in TEM can be estimated by using an excess
of thiosulphate in an acid solution and back-titrating with base (Beroza &
Borkovec, 1964). 2An alternative titrimetric method has been described by
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Schlitt (1963) using potassium thiocyanate in methanol and adding standard

para-toluenesulphonic acid with methanolic KOH as titrant.

TEM can be separated by thin-layer chromatography, e.g., using a
chloroform:acetone solution (1:1), Rf 0.34 (Beroza & Borkovec, 1964).
Alternative systems are described by Nadkarni et al. (1954) using paper
chramatography with either n-butanol saturated with 1% ammonia solution or
an acetone:water system (3:2 v/v), in which TEM had Rf values of 0.64
and 0.85, respectively. A number of additional solvent systems for paper
chromatography and a method for separation by ion-exchange chromatography
are described by the same authors in a later paper (Goldenthal et al., 1958).

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

3.1 Carcinogenicity and related studies in animals

(a) Skin application

Mouse: Two groups of 10 male stock albino S mice, 7-9 weeks old,
were treated with either a single application of 0.24 mg TEM (as a 0.08%
solution in acetone) or 15 weekly applications of a 0.04% solution of TEM
(total dose, 1.8 mg); none of the mice developed skin tumours during this
treatment. When animals were treated with a single application of 0.24 or
0.5 mg TEM and were also given. weekly applications of 0.3 ml of a 0.5%
solution of croton o0il in acetone for 20 weeks, starting 3 weeks after
the application of TEM, 5/10 and 3/7 surviving mice developed a total of
18 and 7 skin papillcomas. Fifteen weekly applications of a 0.04% solution
of TEM (total dose, 1.8 mg) in conjunction with 22 weekly paintings with
croton oil, the first application starting 3 days after the first appli-
cation of TEM, resulted in the appearance of 22 skin papillomas in 7/10
mice surviving one week after the last application of croton oil. Croton
o0il alone produced 3 tumours in 1/20 controls. Ten mice treated with TEM
and croton oil were examined 22-35 weeks after the croton oil treatment
had ended, and 7/10 animals had lung tumours: a total of 63 adenamas were
found. Of 15 control mice treated with croton oil alone for up to 72 weeks,
5 had lung tumours, with a total of 27 lung adenocmas (Roe & Salaman, 1955).

98



(b) Subcutaneous and/or intramuscular administration

Rat: Repeated s.c. injections of TEM in arachis oil into stock rats
(total dose, 10 mg/kg bw) produced local sarcamas in 11/12 treated animals,
with an induction time of 240-450 days. In an experiment under the same
conditions using inbred Wistar rats, 5/12 rats developed local sarcomas,
with an induction time of 438-506 days; 2 of these animals also developed
hepatomas and 2, ovarian tumours. No control data were reported (Walpole,
1958).

(¢) Intraperitoneal administration

Mouse: Ten 3-month old male A mice received ten doses of 0.0075 mg

TEM by i.p. injection on alternate days, and surviving animals were killed
100 days after the first injection. Pulmonary adencmas occurred in 8/10
treated mice, with an average of 2 tumours per mouse. Of 15 untreated
controls killed at the same time, one had 3 lung tumours and another,

1 lung tumour (Hendry et al., 1951).

Two groups of 9 and 28 virgin female A mice, 3 months old, were given
single i.p. injections of 0.05 mg TEM or two injections of 0.05 mg TEM in |
0.1 ml water. Eighteen weeks after the start of treatment 7/9 animals
given a single injection had pulmonary tumours, with an average of 1.44
tumours/mouse; in the group given two injections, 24/28 mice developed lung
tumours, with an average of 2.64 tumours/mouse. The lung tumour incidence
in untreated control females was 3/20 (average, 0.15 tumours/mouse) (Shimkin,
1954).

A group of 113 10-week old female RF mice was given 4 i.p. injections
of 1.5 mg/kg bw TEM in saline at l4-day intervals. The average survival
time was 427 days, campared with 632 days in controls. Of 99 treated mice
surviving 30 days or more, 33% developed thymic lymphamas, 53%, pulmonary
adenomas and 52%, ovarian tumours (not specified), compared with 10%, 15%
and 20% in 112 controls, respectively (Conklin et al., 1965). [These
results were significant (P<0.001) for all tumour types: 33/99 versus
11/112 for thymic lymphomas, 52/99 versus 16/112 for pulmonary adencmas

and 51/99 versus 22/112 for ovarian tumours. ]

99



3.2 Other relevant biological data

The i.p. ID in mice is 4 mg/kg bw (Stecher, 1968).
50

Following i.p. administration to mice of TEM labelled with !*C in the
triazine ring, most of the activity was excreted in urine within 24 hours;
the principal metabolite was cyanuric acid (Nadkarni et al., 1954). 1In
mice injected intraperitoneally with 9 mg/kg bw TEM in which the aziridine
rings were labelled with !*C, about 70% of the administered radioactivity
was excreted in urine within the first 24 hours, and 16 radicactive metabo—
lites were found; only one, creatinine, was identified. Following its i.v.
injection in mice at a dose of 0.8 mg/kg Iw or in Osborne-Mendel rats at
doses of 0.11 and 0.13 mg/kg bw, TEM disappeared rapidly from the blood:
within 10 minutes the level had fallen to less than 10% of the original
activity (Goldenthal et al., 1958).

Thiersch (1957) found 78% foetal resorption in rats after treatment
with two doses of 0.3 mg/kg bw, and 100% resorption with two doses of
0.5 mg/kg bw given on either the 4th and 5th days or the 7th and 8th days
of pregnancy. Treatment at a later stage (days 11 and ‘12 of gestation)
resulted in a lower incidence of foetal resorption (16%). TEM produced a
decrease in placental weight, and cranial malformations were cbserved in
some surviving foetuses. A single injection of 0.55 mg/kg bw to rats on
the 12th day of pregnancy caused 50% foetal resorption, generally -a decrease
in foetal size and characteristic abnormalities such as syndactylous fore-

paws and some encephaloceles (Murphy et al., 1958).

TEM reacts with the N-7 of guanine in DNA (Tamasz, 1970). It induces
point mutations in the purple adenine genes (ad-3A and ad-3B) of Neurospora
crassa and interstitial deletions of these two loci (Malling & de Serres, 1969).
It caused reversions of base-pair substitution mutations in both Salmonella
typhimurium and Saccharomyces cerevisiae (Brusick & Zeiger, 1972) and
increased the fi:eque.ncy of sex-linked recessive lethals and chramosames Y,
II and IITI translocations (Watson, 1964).

TEM induces dominant lethals in male HA/ICR mice (Thayer & Kensler,
1973) and in T-stock, (101xC3H)F and (SECxXC57BL)F female mice (Generoso
1 1
et al., 1971) after single i.p. injections of 0.02 or 1.6 mg/kg bw.
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Induction of dominant lethal mutations has also been found to occur after

its i.p. injection in male rats (Bateman, 1960) and in male golden hamsters
(Lyon & Smith, 1971). A high frequency of transmissible translocations was
found among the male and female offspring of male mice injected intraperito-
neally with 0.64 mg/kg bw and 0.8 mg/kg bw TEM (Cattanach, 1957). A signifi-
cant increase in the frequency of morphological specific locus mutations was
found among the progeny after i.p. injections of 2 mg/kg bw at 24-hour inter-
vals to parent male (lleCBH)F mice (Cattanach, 1966). TEM also increased
the number of hlstocompatlblllty mutations in BAIB/c and (BALB/CXC57BL/6)F
mice after i.p. injection of doses ranging from 2.4-4.0 mg/kg bw (Kohn,

1973).

TEM induces chromosome aberrations in cultured human leucocytes
(Hampel et al., 1966).

A patient with acute lymphatic leukaemia was given TEM labelled with
'*C in the aziridine ring intravenously at a dose of 2 mg, and, as found in
animal studies, over 90% of the radioactivity disappeared from the blood
within 5 minutes. In a second cancer patient with metastasizing epidermal
carcinoma, 3 mg of the drug were given orally. In both cases 25-30% of the
administered activity was excreted in urine collected within the first 48
hours after treatment (Nadkarni et al., 1961). Urine from cancer patients
treated with labelled TEM contained 14 radiocactive metabolites. Approxi-
mately 8% of the radicactivity excreted in the urine was in urea and creati-
nine; no unchanged drug was detected (Nadkarni et al., 1959).

In a review of the literature Sokal & ILessmann (1960) found three cases
in which TEM had been given during pregnancy. Two had Hodgkin's disease
and the third a subacute lymphatic leukaemia. Apart from a depressed white
cell blood count found in one child at birth, there was no evidence of any
adverse effect on the infants at birth in one case nor after 5 or 7 years

of age in the other two cases.

3.3 Observations in man

No data were available to the Working Group.
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4. Comments on Data Reported and Evaluation!

4.1 Animal data

2,4,6-Tris(l-aziridinyl)-s—triazine is carcinogenic in mice following
its intraperitoneal injection, producing an increase in the incidence of
ovarian, thymic and lung tumours. It also acted as an initiator of skin
carcinogenesis. In rats it produced sarcomas at the site of its subcutaneous
injection.
4.2 Human data

No case reports or epidemiological studies were available to the

Working Group.

!See also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volume, p. 15.
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TRIS (2-METHYL~1-AZIRTDINYL) PHOSPHINE OXIDE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 57-39-6

Chem. Abstr. Name: 1,1'1"-Phosphinylidynetris (2-methyl) aziridine

EMT' 50,003; MAPO; metapoxide; metepa; methaphoxide; methyl
aphoxide; tris(methylaziridinyl)phosphine oxide; tris (methyl-1-

aziridinyl)phosphine oxide; tris (2-methylaziridin-1-yl)phosphine

oxide; WN,N',N"-tris (1-methylethylene) phosphoramide; tris (1-methyl-

ethylene) phosphoric triamide

1.2 Chemical formula and molecular weight

HC H H CH,
N e
|>N-—P-—N\l Cgtl) gN;OP
H,C | CH,
N
7\ ]
H,C C—H Mol. wt: 215.2

1.3 Chemical and physical properties of the pure substance

(a)
(b)

(c)

Description:  Amber-coloured liquid

Boiling-point:  90-92°C at 0.3 mm Hg; 118°C at 1 mm Hg

Density: dff’ 1.079

Refractive index: nSS 1.48

Solubility: Miscible with water and organic solvents

Stability: Stable in alkaline solutions, e.g., the time for
50% hydrolysis in 1 N alkali is >100 hours. However, in acid
solution it is unstable and is fapidly destroyed. Even at a pH
of 5.5-6.0 t% is about 6 hours, the main product being phosphoric
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acid (Plapp et al., 1962). A 0.3% aqueous solution at pH 7.05
will decampose slowly (tl, >200 days at 3 C 72 days at 25 C
16.5 days at 50°C and <O 1 days at 100 °C) (Beroza & Borkovec, 1964).

1.4 Technical products and impurities

Tris(2-methyl-l-aziridinyl)phosphine oxide (metepa) is available
comercially in the United States in quart, and in 1-, 5- and 55-gallon
containers. Commercial material contains a minimum of 92% metepa, as
determined by a reactive imine assay, and no more than 0.5% volatile

material (Anon., undated).

2. Production, Use, Occurrence and Analysis

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

2.1 Production and use

Metepa can be synthesized by the addition of phosphorous oxychloride
to 2-methylethyleneimine in alkaline medium (Parker et al., 1952).

A US producer first reported commercial production of this chemical
in 1961 (US Tariff Commission, 1962), and in 1972 two manufacturers reported
production of an unpublished quantity (US Tariff Commission, 1974). Metepa
is produced by one French company (Chemical Information Services, Ltd, 1975)

and is sold for use as a cross-linking agent.

Metepa is apparently used in the US exclusively as an intermediate, as
a cross-linking agent for paint, textile and adhesive polymers containing
active hydrogen sites (such as carboxyl, phenol, sulphhydryl, amide and
hydroxyl groups). Other possible uses are as a cross-linking agent for
textile pigment print systems, rubber, plastics and wash—and-wear cotton
clothing (Anon., undated).

Metepa is an effective insect chemosterilant (Borkovec et al., 1968;
Keiser et al., 1965; Ouye et al., 1965; Smith et al., 1964; Toppozada
et al., 1966), but it is believed that problems associated with its appli-
cation to insects, its toxicity and environmental effects have prevented

its use in this way on a commercial basis.
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Metepa has also been tested as an antineoplastic agent (Goodridge
et al., 1963), but it is probably not used for this purpose.

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

Gas chromatographic procedures capable of detecting 1 ng have been
developed (Bowman & Beroza, 1966, 1970), based on the use of a flame-photo-
metric detector, which is highly sensitive to phosphorous~containing
compounds. This type of analysis is particularly useful in biological
experiments: for instance, a simple methanol extract of insect tissue can

be assayed directly, without preliminary purification.

Other less sensitive analytical procedures include the reaction of
aziridine groups with thiosulphate in acid solution and back-titrating
with base. A method using a potassium thiocyanate:para-toluenesulphonic
acid solution to open the aziridine ring has been described (Schlitt, 1963);
it is claimed to be faster and more easily performed than that using
thiosulphate. Samples containing metepa have also been assayed in chloro-
form with standard perchloric acid in the presence of an excess of tetra-—

butylammonium iodide (Jay, 1964).

A thin-layer chromatographic separation system has been developed,
applicable to the separation of metepa and its intermediates, using silica
gel plates, in which the spots are detected colorimetrically using a system
selective for aziridines. NMR spectrometry for analysis and a colorimetric
method for the microdetection of metepa in column eluates (limit, 5 ug)
are also described (Beroza & Borkovec, 1964). Metepa can be separated fram
phosphoric acid and the di- or mono-acid intermediates by solvent partition
(Plapp et al., 1962).

109



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

3.1 Carcinogenicity and related studies in animals

Oral administration

Rat: Three groups of 20 male Sherman rats, 5-6 weeks of age, were
given metepa in water by gavage in doses of 0.625, 2.5 and 5.0 mg/kg bw/
day for 422, 422 and 155 days. After 422 days, 15 controls and 19, 9 and
8 treated rats were still alive in the respective dosage groups. Three
lymphatic leukaemias occurred in the group given 2.5 mg/kg bw/day; and in
the group given 5 mg/kg bw/day, 2 lymphatic leukaemias, 1 chloroleukaemia
and 1 astrocytoma occurred. The first animal to develop leukaemia was 7
months old at the time of death. Tumours in the control and lowest dose
groups were not reported; the spontaneous tumour incidence in this colony
was reported to be low (Gaines & Kimbrough, 1966).

3.2 Other relevant biological data

The oral LD50 's in male and female rats were reported to be 136 and 213
mg/kg bw (Gaines, 1969). The no-effect level in male rats over 84 days
was 2.5 mg/kg bw/day given by stomach tube. In mice, the oral ID was
292 mg/kg bw, the LD50 following skin application, 375 mg/kg bw ar51c01 the s.c.

LDSO, 140 mg/kg bw (Maehashi, 1970).

Two male white mice were injected intraperitoneally with 100 mg/kg bw
$2p-metepa. Unchanged metepa was found as the major radioactive component
in the blood during the first 2 hours after treatment but had almost dis-
appeared after 6 hours. More than half of the radicactivity was excreted
in the urine in the first 12 hours after treatment: unchanged metepa and
phosphoric acid were the principal labelled camponents. ‘The mice died 5-8
days after injection (Plapp et al., 1962).

Six female rats of the Sherman strain were injected intraperitoneally
with 30 mg/kg bw metepa on the 12th day of pregnancy. Forty of the foetuses
were resorbed, and 16/43 foetuses were born dead. All the neonates (27 alive
and 16 dead) had malformations, ectrodactylia being found in all offspring;
average birth and placental weights were significantly reduced. In a
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separate experiment, daily i.p. injections of 1.25 mg/kg bw given on days
7-13 of pregnancy caused a significant reduction in foetal and placental
weights. In males, metepa had a sterilizing effect (Gaines & Kimbrough,
1966) .

Treatment of male mice with 0.156-20 mg/kg bw metepa resulted in a
high frequency of dominant lethals (Epstein et al., 1970).

3.3 Observations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation

4.1 Animal data

In the only available study, tris(2-methyl-l-aziridinyl)phosphine oxide
was reported to have induced leukaemia in rats following its oral adminis-

tration. The data are insufficient for evalution of its carcinogenicity.
4.2 Human data

No case reports or epidemiological studies were available to the

Working Group.
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BIS (2-CHLOROETHYL) ETHER

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 111-44-4

Chem. Abstr. Name: 1,1'-Oxybis (2-chloro) ethane

Bis (chloroethyl)ether; bis(B-chloroethyl)ether; 1l-chloro-2- (8-
chloroethoxy)ethane; DCEE; 2,2'-dichlorodiethyl ether; B,8'-
dichlorodiethyl ether; dichloroether; dichloroethyl ether; 2,2'-
dichloroethyl ether; 8,B8'-dichloroethyl ether; di-2-chloroethyl
ether; di(2-chloroethyl)ether; di(B-chloroethyl)ether; dichloro-
ethyl oxide; sym~dichloroethyl ether

Chlorex

1.2 Chemical formula and molecular weight

CI-12 . CI[-12C1

) C4H8C120 Mol. wt: 143

CH2 . CHZCl

1.3 Chemical and physical properties of the pure substance

(a)
(b)

(c)
(d)

(e)

(£)

(g)

Description: A colourless, non-flammable liquid

Boiling-point: 176-178°C at 760 mm Hg; 66°C at 12 mm Hg;
70°C at 15 mm Hg; 82-83°C at 23 mm Hg

Melting-point:  -24.5°C
Density: dio 1.213

Refractive index: ngo 1.457

Solubility: Miscible with most organic solvents; insoluble

in water

Volatility: Low wvolatility
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h) Stability: Hydrolysed slowly in aqueous dimethvlformamide at
(h) A% . ydrolyse . Wiy qu ¢
PH 7 (KW 30°C <5.0x10 min )

1.4 Technical products and impurities

Bis (2-chloroethyl)ether has been available in the United States in
technical and purified grades. Typical specifications for the campound
limit the maximum percentage by weight of acidity (as HCl) to 0.005% and
of water to 0.10% (Lurie, 1965). It has been marketed as an emulsifiable
cancentrate and an aerosol as an ingredient of pesticide products: the
concentrate has been reported to contain 70% bis (2-chloroethyl)ether and
copper chloride (1% metallic copper); the aerosol has been reported to
contain 1.25% bis(2-chloroethyl)ether formulated with B-butoxy-g '~thiocyano
diethyl ether and pine oil (US Environmental Protection Agency, 1974a).

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

2.1 Production and use

Bis (2-chloroethyl)ether can be prepared by treating ethylene chloro-
hydrin with sulphuric acids; by saturating an aqueous solution of ethylene
chlorohydrin with chlorine and ethylene; or by chlorinating diethyl ether
(Lurie, 1965; Martin, 1971). Bis(2-chloroethyl)ether was prepared conmer—
cially in the US as a by-product in the manufacture of ethylene oxide by
the chlorohydrin process.

According to industry sources, approximately 1.8 million kg of the
chemical were sold by one US campany in 1973; however, since the company
discontinued use of the chlorohydrin process at that time, bis(2-chloro-
ethyl)ether is no longer produced for sale in the US in commercial quantities.
Two US campanies produce bis (2-chloroethyl)ether for use within their own
plants and among subsidiaries. One of these campanies produces less than
0.5 million kg annually for use as a solvent and as a chemical intermediate
in proprietary processes. Two US campanies have recently investigated the
feasibility of future production of the chemical. Bis (2-chloroethyl)ether
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is produced in camercial quantities by one company in Japan; however,
production volume and trade data have not been reported. This chemical is
also manufactured in the Federal Republic of Germany (Chemical Information
Services, Ltd, 1975).

Bis (2-chloroethyl)ether has been used as a soil fumigant, as an
insecticide and as an acaricide (Znon., 1975; US Environmental Protection
Agency, 1974a). It has also been used as a solvent for fats, waxes, greases
and cellulose esters; as a soouring agent for textiles (Lurie, 1965); in
paints, varnishes and lacquers; as a paint remover; in dry cleaning
(Hawley, 1971); and has been reportedly used as an intermediate in the
synthesis of morpholine and y-substituted morpholine compounds and of
divinyl ether, an anaesthetic. It can be used to scavenge lead deposits
in gasoline but apparently has never found commercial use in this way.

2.2 Qccurrence

Analysis of New Orleans' drinking-water confirmed the presence of
bis (2-chloroethyl)ether at three different plant sites in concentrations of
0.7, 0.12 and 0.16 ug/1 (US Environmental Protection Agency, 1974b). It is
believed that chlorine, added to purify the drinking-water, may react with
hydrocarbons present in the water to form chlorinated derivatives, such as
bis (2-chloroethyl)ether (Marx, 1974).

2.3 Analysis

Gas chraomatographic methods have been developed for the determination
of 34 fumigants, including bis(2~chloroethyl)ether, with a detection limit
of 1 ug (Berck, 1965). Bis(2-chloroethyl)ether has been determined in air
by a colorimetric reaction with quinoline (detection limit, 2 ug/l) or with
pyridine and alkali in the presence of amines (detection limit, 0.5 ug/l)
(Tupeeva, 1969).
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3. Biological Data Relevant to the Evaluation
. of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Oral administration

Mouse: Two groups of 18 male and 18 female mice of the (C57Bl/6x
C3H/Anf)F1 or (C57Bl/ 6>':AI<R)F1 strain were given the same absolute amount
of 100 mg/kg bw bis (2-chloroethyl)ether by stamach tube daily from the 7th
to 28th day of age. Subsequently, the chemical was fed at a concentration
of 300 mg/kg bw in the diet for 80 weeks. Of the (C57Bl/6xC3H/Anf)Fl mice,
14/16 males developed hepatcamas and 2/16, lymphomas; and 4/18 females
developed hepatomas. Of the (C57Bl/ 6xAKR)F1 mice, 9/17 males developed
hepatomas and 2/17, pulmonary adencmas; only 1 lymphoma was observed
among 18 females. The incidences of hepatamas in male and female controls
of the two strains were 8/79 and 0/87 in (C57Bl/6xC3H/Anf)F1 mice and 5/90
and 1/82 in (C57Bl/6xAKR)F1 mice. The incidence of hepatomas in male
treated mice compared with that in controls was significantly different at
the P=0.01 level (Inpes et al., 1969; National Technical Information

Service, 1968).

(b) Skin application

Mouse: A group of 20 female ICR/Ha Swiss mice, 6 weeks of age, was
given the highest dose possible with minimal cytotoxic effects (I mg in
0.1 ml benzene) once; then the tumour promotor, phorbol myristate acetate,
was given at 2.5 ug in 100 pl acetone thrice weekly starting 14 days after
the primary treatment (median survival time, 459 days). Three mice developed
papillomas within 604 days, compared with 2/20 controls given phorbol
myristate acetate alone (Van Duuren et al., 1972). [P>0.05].

(c) Subcutaneous and/or intramuscular administration

Mouse: A group of 30 female ICR/Ha Swiss mice, 6 weeks of age, was
given weekly s.c. injections of 1 mg bis(2-chloroethyl)ether in 0.05 ml
purified paraffin oil for life (median survival time, 656 days). Within
685 days 2 mice had developed sarccmas at the injection site. No tumours
occurred in 30 controls given 0.05 ml purified paraffin oil alone (mean
survival time, 643 days) (Van Duuren et al., 1972). [P>0.05].
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3.2 Other relevant bioclogical data

Acute toxic amounts of the compound rapidly penetrated the skin of
rabbits and caused death within one day (Smyth & Carpenter, 1948). The
single-dose oral LD for rats has been reported as 75 mg/kg bw (Smyth &
Carpenter, 1948), 105 mg/kg bw (Spector, 1956) or 150 mg/kg bw (Hake &
Rowe, 1967), and for mice and rabbits, 136 mg/kg bw and 126 ng/kg w,
respectively (Spector, 1956). Guinea-pigs exposed to continuous inhalation
of 500-1000 ppm in air died after 5-8 hours fram respiratory injuries
(Schrenk et al., 1933).

Bis (2-chloroethyl)ether vaporizes to an irritant gas. Brief exposures
to concentrations above 550 ppm in the air were irritating to the eyes and
nasal passages of human volunteers and were considered intolerable. They

also caused coughing, retching and nausea (Schrenk et al., 1933).

3.3 Observations in man

No data were available to the Working Group.

4. Coments on Data Reported and Evaluation!

4.1 2Animal data

Bis (2-chloroethyl)ether produced an increased incidence of liver-cell
tumours in male mice of two strains following its oral administration.
Its administration by the subcutaneous route in mice produced a low inci-—

dence of sarcomas at the injection site.
4.2 Human data

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

'See also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volume, p. 15.
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CHLORAMBUCIL

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.:  305-03-3
Chem. Abstr. Name: 4-[Bis(2-chloroethyl)aminoJbenzenebutanoic acid

4~[para-Bis (2-chloroethyl) aminophenyl lbutyric acid; 4-[ para-bis (B-
chloroethyl) aminophenyl Jbutyric acid; y-[para-bis (2-chloroethyl)-
aminophenyl Jbutyric acid; CB 1348; chlorobutin; chlorobutine;
Y-I[para-di (2-chloroethyl) aminophenyl Jbutyric acid; para-[di (2-chloro-
ethyl) aminophenyllbutyric acid; para—(N,N-di-2~chloroethyl)amino—
phenyl butyric acid; ¥,N-di-2-chloroethyl-y-para—-aminophenyl butyric
acid; para-V,N-di(B-chloroethyl)aminophenyl butyric acid; NSC-3088;
phenylbutyric acid nitrogen mustard

Ambochlorin; Chloraminophen; Chloraminophene; Elcoril; Leukeran;
Leukersan; Linfolysin

1.2 Chemical formmula and molecular weight

CICH,.CH,
N CH,.CH,.CH,COOH
CICH,.CH,
C]_4H]_9C12N02 Mol. wt: 304.2

1.3 Chemical and physical properties of the pure substance

(a) Description: Fine white crystals with slight odour

(b) Melting-point: 64-67°C

(c) Spectroscopy data: A 30 ug/ml ethanolic solution of chlorambucil
has a maximal optical density of 1.85 at 258 nm; in aqueous

solution at pH 7 or more, a 30 ug/ml solution of the sodium salt
has a maximal optical density of 1.55 at 256 nm (Linford, 1961,

1962).
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(@) Solubility: The free acid is soluble at 20°C in 1.5 parts
ethanol, 2 parts acetone, 2.5 parts chloroform and 2 parts ethyl
acetate (British Pharmaceutical Codex, 1973); soluble in benzene
and ether. Insoluble in water, but readily soluble in acid or
alkali. The sodium salt is soluble in water (Linford, 1961).

(e) Stability: Aqueous solutions of the sodium salt undergo alkali-
catalySed hydrolysis to the hydroxyl form, the reaction requiring
30 minutes at 37°C and pH 11.5; no appreciable hydrolysis takes
place within 24 hours at 5°C (Linford, 1961).

(f) Reactivity: Hydrolysis in agqueous and alkaline solution leads
to replacement of the chlorine atoms by OH groups to give the
so-called hydroxyl form (Linford, 1961).

1.4 Technical products and impurities

Chlorambucil is available in USP grade in the form of tablets containing
2 and 5 mg active ingredient (Bundesverband der pharmazeutischen Industrie,
1969; Dictionnaire Vidal, 1975; Kastrup, 1974; Pullom, 1968-69; Steinbdck
et al., 1969). Chlorambucil powder, USP, used to formulate the tablets,
contains 98-101% chlorambucil, calculated on the anhydrous basis. Chloram—

bucil tablets, USP, contain 93-107% of the labelled amount of chlorambucil
(US Pharmacopeial Convention, Inc. , 1970).

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

2.1 Production and use

Chlorambucil can be prepared by hydrogenating the methyl or ethyl ester
of 4-(para-nitrophenyl)butyric acid in the presence of a catalyst. The
resulting parg-amino analogue is treated with ethylene oxide followed by
chlorination. The resulting 4-[para-bis-2-(chloroethylamino)phenyl Jbutyric
acid ester is converted to the free acid by hydrolysis with hydrochloric
acid (Everett et al., 1953).
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Although chlorambucil tablets have been formulated and marketed in
the US by one company since 1957, all chlorambucil used in the US is
imported from the United Kingdom. Data on the quantity of imports are not
available, but it is estimated that total US sales of this chemical amount
to less than 20 kg annually. Chlorambucil is also produced in Italy
(Chemical Information Services, Litd , 1975).

It is used in human medicine as an antineoplastic agent in the treat-
ment of malignant diseases such as lymphocytic leukaemia , malignant lym-
phamas (including lymphosarcama), giant follicular lymphoma and Hodgkin's
disease. The drug is administered orally in doses of 0.1-0.2 mg/kg bw
daily for 3-6 weeks (Huff, 1974). It has also been tested for use in
immunosuppressive therapy of chronic hepatitis (Phlippen et al., 1969) and
of rheumatoid arthritis (Baum & Vaughan, 1969).

Veterinary uses of chlorambucil are reported to include treatment of
leukaemias and, to a lesser degree, of solid tissue tumours (Stecher, 1968).

It has also been investigated as an insect chemosterilant.
2.2 Occurrence

Chlorambucil is not known to occur in nature.

2.3 Analysis

Chlorambucil has been determined in blood by a spectrophotametric
method based on its reaction with 4- (4 '“nitrobenzyl) pyridine (Boyland et
al., 1961)., A similar reaction can be applied for determinations in various
biological fluids and is sensitive at 5 ug/ml. Kozlov & Bernshtein (1968)
detected chlorambucil at concentrations greater than 3 ug/ml in saline
solution by reaction with nicotinic acid and benzidine. The substance can
also be detemmined in serum or plasma at 2 ug/ml by direct spectrophoto—
metric measurement (Linford, 1962). The pure drug may be assayed by a
titration method (British Pharmacopoeia Conmission, 1973).
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Skin application

Mouse: A group of 25 S mice received 10 weekly skin applications of
chlorambucil, 8 at 0.1% and 2 at 0.05% in methanol (total dose, 2.7 mg).
Thirty days after the start of treatment the mice were painted once weekly
for 18 weeks with croton oil. When the treatments overlapped chlorambucil
and croton oil were applied alternately at 3-4 day intervals. Sixty
control mice received 18 weekly applications of 0.085-0.5% croton oil. At
the end of the treatment 11/19 (58%) mice had developed 30 papillomas (2.7
tumours/mouse) , compared with 5/53 controls (1.4 tumours/mouse) [P<0.001];
7/12 mice had developed 13 pulmonary adencmas (1.9 tumours/mouse), but this
incidence was not statistically higher than that in controls. No malignant
tumours developed in the 6 treated mice kept for longer periods (Salaman &
Roe, 1956).

(b) Intraperitoneal administration

Mouse:  Groups of 45-60 A/J mice of both sexes, 4-6 weeks old, re-
ceived i.p. injections of chlorambucil in a 1% acacia solution or in tri-
caprylin thrice weekly for 4 weeks (total doses, 9.6, 37, 150 and 420 mg/
kg bw). At 39 weeks the numbers of survivors were 38/45, 56/60, 47/60 and
30/60, and of these 18 (47%), 48 (86%), 45 (96%) and 30 (100%) had lung
tumours (adenomas and adenocarcinomas); there were 0.6, 1.6, 5.1 and 8.9
tumours per mouse, respectively. In 385 male and 392 female controls
receiving vehicles only, 39.5% male and 31.4% female survivors developed
lung tumours within 39 weeks, the numbers of tumours per mouse being 0.5
and 0.36. The potency of chlorambucil was reported to be about 1/60th that
of uracil mustard on a molar basis (Shimkin et al., 1966).

Two groups of 25 male and 25 female Swiss mice, 6 weeks of age, were
given i.p. injections of 1.5 or 3 mg/kg bw thrice weekly for 6 months,
followed by observation for a further 12 months, at which time the animals
were killed. ILung tumours occurred in 22/35 males and in 20/28 females.

Lymphosarcomas were found in 6/35 males and 4/28 females, and ovarian tumours
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were found in 10/28 females. In each case the incidence for each tumour
type was reported to be significantly different from that in controls
(P<0.01 - P<0.001) (Weisburger et al., 1975).

Rat: Two groups of 25 male and 25 female Charles River CD rats, 6
weeks of age, were given i.p. injections of 2.2 or 4.5 mg/kg bw thrice
weekly for 6 months, followed by oObservation for a further 12 months, at
which time the animals were killed. Lymphamas occurred in 8/33 males, an
incidence significantly different fram that in controls (P<0.00l). No
increase in tumour incidence was reported in females (Weisburger et al.,
1975).

3.2 Other relevant biological data

The i.p. LD50 for chlorambucil given as a suspension in 0.5% carboxy-
methylcellulose to adult female Wistar rats was 23 mg/kg bw (Chaube et aZ.,
1967) . Hebborn et al. (1965) reported an i.p. LD50 of 28 mg/kg bw (acute
dose) and an i.m. LD50 of 5 daily injections of 10 mg/kg bw (subacute dose)
in adult Holzmann rats. Severe bone-marrow depletion was produced in rats
by i.p. injections of 15 mg/kg bw chlorambucil. I.v. administration to
dogs of 4 mg/kg bw caused severe leucopaenia, vamiting and diarrhoea by

the 7th day (Boyland et al., 1961).

Application of chlorambucil to the skin of mice caused slight patchy
epidermal hyperplasia (Salaman & Roe, 1956). Repeated i.p. doses given to
mice resulted in testicular atrophy and decreased spermatogenic activity
in 39 weeks (Shimkin et al., 1966).

Following its i.p. injection into rats, the concentration of chloram-
bucil in blood serum was maximal in 15 minutes, and the highest concentra-
tions were found in the liver, kidney and lungs 15-30 minutes after injec-
tion. The drug was detectable up to 8-10 hours after its administration
(Telicenas et al., 1971).

When 8 mg/kg bw *H-chlorambucil were administered subcutaneously to
Yoshida ascites sarcama-bearing rats, the highest tritium concentration
after 1 hour was found in the liver; that in the kidneys was 63% of the
liver value. After 6 hours the level of radioactivity in the liver had
fallen by 52%, but in the kidneys it had increased by 25%. In the blood,

129



radioactivity was associated mainly with the plasma, which had maximm
labelling at 6 hours. After 24 hours 60% of the administered activity was
excreted in the urine, and less than 0.2% was found in the faeces (Hill &
Riches, 1971).

Chlorambucil binds covalently to proteins, mainly through carboxyl
groups, both in vivo and in vitro (Linford, 1962; Stacey et al., 1958).
Alkylation of DNA also occurs in vitro (Stacey et al., 1958). Incorpora-
tion of radioactivity into the DNA and RNA of sensitive and resistant
Yoshida ascites cells was maximal 12 hours after s.c. injection of 3H-
chlorambucil in rats (Hill & Riches, 1971).

This chemical was teratogenic when administered intraperitoneally to
rats on the 12th day of pregnancy in doses of 6, 8, 10 or 12 mg/kg bw.
Abnormalities included exencephaly, cleft palate and deformed appendages,
paws and tails. Histological examination showed injury to the nervous
system, mesenchyma and liver (Chaube et al., 1967; Murphy et al., 1958).

Chlorambucil induces point mutations in Escherichia coli S3-4-73
(Szybalski, 1958), mitotic gene conversion in the diploid strain D4 of
Saccharomyces cerevisiae (Zimmermann, 1971) and chromoscme aberrations of
the chromatid type in short-term cultures of human peripheral lymphocytes
(Reeves & Margoles, 1974).

Jaundice was observed in 3/29 patients treated with chlorambucil
(Robert et al., 1968).

A woman who became pregnant while receiving chlorambucil treatment
(6 mg/day) had the pregnancy terminated at 31 months; the left kidney and
ureter were found to be absent in the foetus (Shotton et al., 1963). Two
other women treated with chlorambucil during pregnancy (in one case, 10 mg/
day for 2 weeks at 41 months and 10 mg/day for 4 weeks at 5-6 months; in
the other case, 378 mg in 22 days at the 7th month) produced campletely
normal infants (Sokal & Lessmann, 1960).

3.3 Observations in man

A case of myelamonocytic leukaemia was reported in a patient who had
received 4-5 mg/day chlorambucil for 40 months for the treatment of chronic
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lymphocytic leukaemia (Catovsky & Galton, 1971). Two similar cases of
acute leukaemia occurred in patients with chronic lymphocytic leukaemia
who had been treated with chlorambucil for 2 and 3 years; in addition,

one patient had received numerous diagnostic X-rays and other radiation
therapy (McPhedran & Heath, 1970). Individual cases of acute myeloblastic
leukaemia (Tulliez et al., 1974), erythroleukaemia (Laroche et al., 1972),
reticulum-cell sarcoma (Usterberg & Rausing, 1970), lymphosarcoma (Zittoun
et al., 1972) and transitional-cell carcinama of the bladder (Dale & Smith,
1974) have been reported in patients with diseases other than cancer sub-
mitted to treatments including chlorambucil.

4. Comments on Data Reported and Evaluation

4.1 2Animal data

Chlorambucil is carcinogenic in mice and rats following its intra-
peritoneal injection, producing lymphomas in rats and lymphosarcomas,
ovarian tumours and a dose-related increase in the incidence of lung tumours
in mice.

4.2 Human data

The available case reports in which leukaemia and other tumours were
reported to have occurred in patients treated with chlorambucil provide
insufficient evidence to detemmine if there is an increased incidence of
cancer following the therapeutic use of this drug.
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CYCIOPHOSPHAMIDE

1. Chemical and Physical Data

1.1 synonyms and trade names

Chem. Abstr. Reg. Serial No.: 50-18-0

Chem. Abstr. Name: N,N-Bis (2-chloroethyl) tetrahydro-24-1, 3,2-oxa~

phosphorin-2-amine, 2-oxide monohydrate

B 518; 1-bis(2-chloroethyl)amino-l-oxo-2-aza-5-oxaphosphoridine
monohydrate;  2-[bis (2-chloroethyl) amino]~1-oxa-3-aza-2~phosphocyclo-
hexane 2-oxide monohydrate; 2-[bis(2-chloroethyl)amino]tetrahydro~
[2H]-1,3,2-oxazaphosphorine 2-oxide monohydrate; [bis(chloro-2-ethyl)-
amino]-2-tetrahydro-3,4, 5, 6~oxazaphosphorine-1, 3,2-oxide-2 monohydrate;
N, N-bis (2-chloroethyl) -N'- (3-hydroxypropyl) phosphorodiamidic acid
intramolecular ester monohydrate; bis (2-chloroethyl)phosphoramide
cyclic propanolamide ester monohydrate; «N,N-bis(B-chloroethyl)-N',0-
propylenephosphoric acid ester amide monohydrate; #,N-bis(R~chloro-
ethyl)-N',O0-trimethylenephosphoric acid ester diamide monchydrate;
CB-4564; cyclic V',0-propylene ester of N,N-bis (2-chloroethyl)phos—
phorodiamidic acid monohydrate; cyclophosphamid; 2-[di(2-chloroethyl)
amino J-1-oxa-3-aza—2-phosphacyclohexane-2-oxide monohydrate; &N,N-

di (2-chloroethyl) amino-~,0-propylene phosphoric acid ester diamide
monohydrate; NSC-26271

B 518; Clafen; Cyclophosphamidum; Cyclophosphan; Cyclophosphane;
Cyclophosphanum; Cytophosphan; Cytoxan; Endoxan; Endoxana;
Endoxan-Asta; Endoxan R; Enduxan; Genoxal; Mitoxan; Procytox;
Semdoxan; Sendoxan; Senduxan

1.2 Chemical formula and molecular weight

N/ CH,.CH,Ci CH, (C1,N.,0,P.H,0
O\P—/O \CH,.CH,ClI
i .H,0
NH Mol. wt: 279.1
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1.3 Chemical and physical properties of the pure substance

(a) Description: A fine, white, odourless or almost odourless,
crystalline powder with a slightly bitter taste. If the water of
crystallization is removed by high vacuum or drying agents, it
becames an oily, half-liquid mass.

(b) Melting—-point: 49.5—53OC, determined on the substance without

previous drying (British Pharmacopoeia Commission, 1973)
1

(c) Spectroscopy data: IR spectrum (am ~) 3385 (N-H) (in dichloro-

ethane) (Rauen, 1964)

(@) Solubility: Soluble at 20°C in 25 parts of water and in 1 part
of ethanol; also soluble in benzene, chloroform, dioxane and
glycols; slightly soluble in ether and acetone; insoluble in
carbon tetrachloride and carbon disulphide (British Pharmacopoeia
Cammission, 1973; White, 1959)

(¢) Stability: Darkens on exposure to light. Aqueous solutions may
be kept for a few hours at room temperature, but hydrolysis occurs
at temperatures above 3OOC, with removal of chlorine atoms
(British Pharmaceutical Codex, 1973).

1.4 Technical products and impurities

Cyclophosphamide is available in the US as a USP grade in the form of
tablets containing 25 and 50 mg active ingredient, and in a crystalline
hydrate form for injection packaged in ampoules in strengths of 100, 200
and 500 mg to be administered after solution in sterile water (Medical .
Economics Co., 1974). Cyclophosphamide crystalline hydrate USP, used to
formulate the tablets and injections, contains 100+5% cyclophosphamide.

The tablets contain 1002102 of the labelled amount of cyclophosphamide, and
the injection, a sterile mixture with sodium chloride, contains 100+5% of
the labelled amount of cyclophosphamide (US Pharmacopeial Convention, Inc.,
1970).

In Europe, cyclophosphamide tablets are available in 10 and 50 mg
strengths. The crystalline hydrate form for injection is available in
ampoules containing 100, 200, 500 and 1000 mg active ingredient, to be
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administered after solution in sterile water (Bundesverband der pharma-
zeutischen Industrie, 1969; Dictionnaire Vidal, 1975; ©Pullam, 1968-69).

In Japan, tablets containing 50 mg and ampoules for injection in 100,
200 and 500 mg strengths are available (JAPTA, 1973).

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

2.1 Production and use

Cyclophosphamide can be prepared by treating ¥,N-bis( B-chloroethyl) -
phosphamide dichloride with propanolamine in the presence of trimethylamine
and dioxane (Arnold & Bourseaux, 1958).

The major producer of cyclophosphamide is in the Federal Republic of
Germany. Same of the production is exported to the US, where cne company
has formulated and marketed the drug since 1959, Total US sales are
approximately 600 kg annually. Cyclophosphamide is also produced in
Finland and in the UK (Chemical Information Services, Ltd, 1975) where
production was estimated to have reached a few hundred kg annually in the
early seventies. Cyclophosphamide is also marketed in Japan.

Cyclophosphamide is the most widely used antineoplastic agent in the
treatment of various neoplastic diseases, including malignant lymphamas,
multiple myeloma, leukaemias, mycosis fungoides, neuroblastoma, adenocar-—
cinama of the ovary, retinoblastoma, carcinoma of the breast and malignant
neoplasms of the lung. It has been used in combination with other agents
to treat lymphoreticular and same other tumours (Greenwald » 1973;
Livingston & Carter, 1970). The usual initial dose is about 10 mg/kg bw
daily given intravenously for 2-5 days or 1-5 mg/kg bw daily given orally
(Medical Econcmics Co., 1974).

Cyclophosphamide is used in human medicine as an immunosuppressive
agent in a variety of non-malignant diseases, e.g., rheumatoid arthritis,
systemic lupus erythematosus, Wegener's granulomatosis, polymyositis, sclero-
derma, uveitis, idiopathic pulmonary hemosiderosis, glamerulonephritis,
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idiopathic nephrotic syndrame in children, chronic interstitial pneumonia,
psoriatic arthritis, Behcet's disease, pyoderma gangrenosum, myasthenia
gravis, multiple sclerosis, idiopathic thrombocytopenic purpura, macro-
globulinaemia and cryoglobulinaemia in ‘Sjéigren's syndraome, pemphigus
vulgaris and bullous pemphigoid (Essig et al., 1974; Medved & Maxwell,
1974; O'Donohue, 1974; Rubens-Duval et al., 1974; Steinberg et al.,
1972) . Recently, patients suffering fram chronic hepatitis have also been
treated with cyclophosphamide for long periods of time (Naccarato et al.,
1974) . It is increasingly being used as an immunosuppressive agent follow-
ing organ transplantation (Starzl et al., 1973).

Cooperative trials with many hundreds of patients have been conducted
to test its applicability in rheumatoid arthritis, nephrotic syndrame in
children and systemic lupus erythematosus (Anon., 1974; Cooperating Clinics
Committee, 1970; Mackay et al., 1974).

Cyclophosphamide has also been tested as an insect chemosterilant
(LaBrecque & Gouck, 1963). The US Department of Agriculture has shown it
to be an effective agent for the removal of wool in the chemical shearing
of sheep, and at the time of preparation of this monograph, application had
been made to the US Food and Drug Administration for approval of its use
in this way.

2.2 Occurrence

Cyclophosphamide is not known to occur in nature.

2.3 BAnalysis
Methods for the determination of cyclophosphamide include: one based

on estimation of nitrogen, phosphorous or chloride content; colorimetric
analysis, based on the intensity of a cobalt thiocyanate-cyclophosphamide
complex or by use of 4-(4'-nitrobenzyl)pyridine after hydrolysis; titri-
metric analysis, after precipitation of the digested material by quinoline
and citric-molybdic acid solution; and infrared spectrometry. The method
with the greatest degree of specificity is infrared spectrometry based on
the characteristic stretching frequency of the phosphorous-oxygen bond at
9.5 um (Boughton et al., 1972).
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A gas-liquid chromatographic determination of cyclophosphamide in raw
material, tablets and drug-containing vials ready for injection has been
reported by Boughton et al. (1972). Under the conditions specified by the
authors, a chromatogram with three peaks is found: the two major peaks were
identified by mass spectrometry as intact cyclophosphamide (the 90% peak,
with a molecular ion of 260 mass units) and as dehydrohalogenated cyclo—
phosphamide (the 9% peak, with a molecular ion of 224 mass units). Duncan
et al. (1973) described a mass spectrametric method for studying the dis-
tribution of cyclophosphamide in human tissue and body fluids. A concen-
tration of at least 1 ug/ml of body fluid was required in order to obtain
a low-resolution spectrum in which the drug could be recognized: the
spectrum is characterized by a weak molecular ion peak at m/e 260, with the
most abundant fragment ion occurring at m/e 211, corresponding to loss of
the .CH2Cl radical.

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

3.1 Carcinogenicity and related studies in animals

(a) Subcutaneous and/or intramuscular administration

Mouse: Two groups of 10 male and 10 female 4-24-week old NZB/NZW

hybrid mice, which develop autoimmune complex nephritis, were given daily

s.c. injections of 1 mg/kg bw or 8 mg/kg bw cyclophosphamide in saline for
up to 93 weeks; 20 males and 20 females were injected with saline alone
and served as controls. Fifty percent of female controls had died by the
31st week of the study, campared with 41 and 60 weeks for those given the
low and high dose levels. Fifty percent of male controls had died by 57
weeks, campared with 71 and 80 weeks for the treated animals. Tumours were
observed in treated males after 60 weeks of treatment and in females after
40 weeks. Eight males and 9 females given the highest dose level developed
lymphoreticular neoplasms together with local tumours, including squamous-
cell carcinomas of the skin, lymphomas, a rhabdomyosarcama and unclassified
cutaneous tumours. Pulmonary adencmas were also observed in 4 mice. Of
mice given the low dose level, 3 males and 2 females developed tumours, as
did 2 male and 1 female controls (Walker & Bole, 1973a,b).
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In a similar experiment, 6/10 high-dose treated females developed
neoplasms, mainly lymphoreticular, after 36-64 weeks of treatment, compared
with 0/16 controls. The average lifespans were 67 weeks in treated animals
and 48 weeks in controls (Walker & Bole, 1971).

A group of 50 female NMRI mice, 65 days old, received 52 weekly s.c.
injections of 26 mg/kg bw (7% of LDSO) cyclophosphamide (total dose, 1352
mg/kg bw); the average lifespan of treated animals was 630:130 days. In
a control group, 3/46 (6%) mice developed stem-cell leukaemia; no other
malignant tumours were observed. Of the treated mice, 28/46 (61%) developed
tumours: 3 leukaemias, 12 mammary carcinomas and 1 other mammary tumour,

4 ovarian carcinomas, 1 fibrosarcoma of the thorax, 1 skin carcinoma, 2
carcinomas at the injection site and 4 lung tumours (Schmdhl & Osswald,
1970). [P<0.001].

(b) Intraperitoneal administration

Mouse:  Four groups of 15 male and 15 female A/J mice, 4-6 weeks of
age, were given i.p. injections of cyclophosphamide in water 3 times per
week for 4 weeks (total doses, 449, 144, 36 and 9 mg/kg bw). Of 385 male
and 392 female controls receiving vehicle, 39.5% male and 31.4% female
survivors developed lung tumours within 39 weeks, the numbers of tumours
per mouse being 0.5 and 0.36. Survivors among treated animals after 39
weeks were 4/30, 27/30, 26/30 and 30/30, at the respective dose levels.

The numbers of mice with lung tumours were 2 (50%; 2.5 tumours/mouse),

20 (74%; 1.3 tumours/mouse), 11 (42%; 0.6 tumours/mouse) and 12 (40%;

0.4 tumours/mouse), respectively. In the same experiment, cyclophosphamide
was reported to be about 380 times less potent than uracil mustard on a
rmolar basis (Shimkin et al., 1966). [The incidence of lung tumours in
treated mice was significantly greater than that in controls only for those
given the second highest dose level (P<0.001).]

A group of 29 dd mice and a group of 25 A mice of both sexes, 4-5
weeks old, received i.p. injections of 5 mg/kg bw cyclophosphamide in saline
twice weekly for 15 successive weeks; 20 and 16 control mice of each strain
were injected with isotonic saline. All mice were observed until natural

death. Tumours developed in various organs in 12/22 dd mice surviving more
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than 48 weeks after the beginning of the treatment; 3/10 control mice
surviving beyond the same period also had tumours. Tumours developed in
6/16 A mice surviving more than 42 weeks, and in 2/11 control mice. In ad
mice, the induced tumours were mainly in the lung, liver, testis and
mammary gland; in A mice the tumours were in the lungs (P>0.05) (Tokuoka,
1965).

Two groups of 25 male and 25 female Swiss mice, 6 weeks old, were
given thrice weekly i.p. injections of 12 or 25 mg/kg bw for 6 months and
were observed for a further 12 months, at which time the animals were killed.
Lung tumours occurred in 7/30 males and in 10/35 females, and bladder
papillomas were found in 4/30 males. The incidences of each tumour type
were statistically greater than those in controls (P<0.05) (Weisburger et
al., 1975).

Rat: Two groups of 25 male and 25-28 female Charles River CD rats
were given thrice weekly i.p. injections of 5 or 10 mg/kg bw for 6 months
and were observed for a further 12 months, at which time the animals were
killed. Mamary carcinomas occurred in 9/53 females and in 1/50 males,
and mammary adenomas occurred in 24/53 females. The results were statis-—
tically significant in treated females as compared with controls (P<0.035)
(Weisburger et al., 1975).

Newborn or preweanling mouse: The carcinogenicity of cyclophosphamide

was compared with that of urethane by i.p. administration of isotonic
saline, 0.8, 4.0 or 20.0 mg/kg bw cyclophosphamide or 700 mg/kg bw urethane
to groups of 30 male and 30 female Charles River CD-1 mice within 24 hours
of birth and again at 3 and 6 days of age. Mice which died during the study
or were sacrificed at 79 weeks were examined grossly and microscopically.
Urethane was found to be highly carcinogenic, but cyclophosphamide was
neither leukaemogenic nor hepatocarcinogenic. The incidence of pulmonary
adenomas was slightly but significantly greater than that in controls in
males treated with the medium dose of cyclophosphamide (4/27 versus 0/28;
P<0.05) (Kelly et al., 1974).

( E) Intravenous administration

Rat: Schmahl (1967) reported an increased incidence of benign and
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malignant neoplasms in BR46 male rats, 3 months old, given 15 mg/kg bw

(7% of the ID ) cyclophosphamide intravenously once weekly for 50 weeks
and observed Euitil death. The 40 treated animals received a total dose of
750 mg/kg bw cyclophosphamide, and the average cbservation time of tumours
was 18 months. Tumours (9 malignant and 5 benign) occurred in 54% (14/26)
of treated animals and in 2% (1/50) of control animals (1 benign) [P<0.001].
In two further experiments, 65 control male rats had incidences of 52 (3/65)
benign and 6% (4/65) malignant tumours; and 36 male rats given 52 weekly
i.v. injections of 13 mg/kg bw cyclophosphamide had incidences of 11% (4/36)
benign and 17% (6/36) malignant tumours [P>0.05]. Male rats given 5 doses
of 33 mg/kg bw every two weeks had incidences of benign and malignant
tumours of 8% (5/66) and 24% (16/66), respectively [P<0.0l]. The average
observation time of the tumours in treated rats was 16-18 months, and that
in controls, 23 months (Schmahl & Osswald, 1970).

A group of 32 male Sprague-Dawley rats, 3 months old, received weekly
i.v. injections of 13 mg/kg bw cyclophosphamide (total dose, 670 mg/kg bw) .
A group of 52 untreated rats served as controls. Malignant tumours devel-
oped in 14/32 treated rats within 510+90 days: there were 3 reticulum-cell
sarcamas, 6 haemangioendotheliamas in various organs, 1 neurogenic sarcoma
of the mediastinum, 1 sarcoma of the heart and 1 leukaemia; two rats had
2 malignant tumours each: one had an osteosarcama of the paranasal sinus
and a pheochromocytama, and the other had an angiosarcama of the abdomen
and a pheochramocytama. Of the controls, 6/52 developed malignant tumours
within 670+150 days: 3 reticulum-cell sarcomas, 1 pheochromocytoma, 1
haemangiosarcoma of the lung and 1 sarcoma of the kidney (Schmihl, 1974).
[P<0.001].

(d) Other experimental systems

Pre- and postnatal exposure: A group of female mice consisting of
two inbred strains was given i.p. doses of 25 mg/kg bw cyclophosphamide
every 2 weeks over 60 weeks; the maximum survival was 2 years (total dose,

750 mg) . Five hepatamas, 12 lung carcincmas and 1 skin carcinama occurred
among 33 mice surviving after 60 weeks. During the experiment these females
were allowed to breed, and the offspring were either treated with 25 ng/kg bw
cyclophosphamide every 14 days (total dose, 750 mg/kg bw) or left untreated.
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Of treated males 16 mice survived 60 weeks or more; 2 developed lung
adenomas and 3, lung carcinamas. Of treated famales 18 swrvived 60 weeks
or more; 1 developed a lung adenama, 4, lung carcinamas, 3, hepatamas, 1,
a skin carcinama and 1, a skin sarcoma. In untreated offspring, lung
adenamas occurred in 4/16 males and in 5/12 females surviving up to 18
months; 1 male and 2 females developed hepatomas; no lung carcinomas were
observed. The incidences of lung adenamas and carcinamas in untreated
female and male mice of these two strains were reported to be about 9% and
5% (Roschlau & Justus, 1971). [No statistical evaluation was possible. ]

3.2 Other relevant biological data

The single i.v. ID . has been reported to be 160 mg/kg bw for rats,
S
400 mg/kg bw for guinea-pigs, 130 mg/kg bw for rabbits and 40 mg/kg bw for
dogs. The single oral LD50 is 180 mg/kg bw for rats (Brock & Wilmanns,
1958).

In mice, rats and dogs the predominant haematologic effect was leuco-
paenia; some depression of the bone marrow and thrambocytes was also noted
(Wheeler et al., 1962). A single i.p. dose of cyclophosphamide causes a
marked necrosis of the bladder and of the tubular and pelvic epithelium in
mice, rats and dogs (Campabasso & Berrino, 1972; Koss, 1967; Philips et
al., 1961); relatively little damage was observed in liver (Lavin & Koss,
1971), even after prolonged administration (Hegewald & Barenwald, 1972).

Necrosis of bladder tissue is followed by a rapid epithelial regenera-
tion of diploid cells and later by the production of tetraploid, octoploid
and occasional hyperploid cells (Clayson & Cooper, 1969; ILocher & Cooper,
1970) . Cyclophosphamide induced abnormal mitoses when it was administered
to rats immediately after partial hepatectamy (Mietkiewski et al., 1973).
In rats the drug is rapidly absorbed from blood, and the specific activity
in various tissues is highest within the first 20-30 minutes following its
injection. Up to 75% of injected radicactivity is excreted in the urine
within 5-8 hours, and the compound is rapidly metabolized (Chandramouli &
Sivaramakrishnan, 1969; Graul et al., 1967; Mosienko & Pivnyuk, 1968).
The pharmacological properties of cyclophosphamide differ in necnatal and
adult female Swiss-Webster mice: plasma radioactivity in neonatal mice is
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highest 32 minutes after s.c. injection of the drug, and its half-life is
8.8 hours; in adults the half-life of plasma radicactivity is only 1.9
hours (Bus et al., 1973).

Cyclophosphamide is not an alkylating agent as such, and it requires
metabolic activation in vitro and im vivo (Brock & Hohorst, 1963). The
predaminant site of its activity is the liver, and its activation depends
on the hepatic microsamal mixed-function oxidase system, requiring NADPH
and oxygen (Brock & Hohorst, 1963; Cohen & Jao, 1970; Foley et al., 1961;
Sladek, 1971). Similar reactions may occur in bone marrow, kidney and
tumour tissues (Kondo & Muragishi, 1970).

Other drugs, such as barbiturates or corticosteroids, have been found
to affect cyclophosphamide metabolism and may consequently alter its toxi-
city and cytostatic activity (Hart & Adamson, 1969; Sladek, 1972).

Intermediates of cyclophosphamide formed by the mixed-function oxidase
system include aldophosphamide, which tautamerizes to 4-hydroxycyclophos—
phamide and is further converted by a soluble liver enzyme to carboxy-
phosphamide, the major urinary metabolite. Of all identified metabolites,
including 4-ketocyclophosphamide, only aldophosphamide has alkylating and
cytotoxic activity (Bakke et al., 1972; Hill et ql., 1972; Hohorst et
alt., 1971; Sladek, 1973; Struck et al., 1971).

Alternatively, it has been suggested that cyclophosphamide is first
converted into 4-hydroxycyclophosphamide, which may then break down by
elimination of acrolein from its tautcmeric form, aldophosphamide, to yield
phosphoramide mustard. In campetition with this process, the enzymic con-
version of 4-hydroxycyclophosphamide to 4-ketocyclophosphamide by dehydro-
genation and of aldophosphamide to carboxyphosphamide by oxidation may
occur. On the basis of a bioassay involving Walker tumour cells in whole
animals, Connors et al. (1974) have claimed that phosphoramide mustard
possesses the cytotoxic properties of the active anti-tumour metabolite.

Reactive cyclophosphamide metabolites have been shown to cross-link
nucleic acids; in vitro and in vivo studies indicate that the major reac—
tion site is the 7-position of guanine (Campbell, 1968; Wheeler, 1962).
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Cyclophosphamide is teratogenic in several species, including mice,
rats, rabbits and chicks. It produces a variety of skeletal, soft tissue
and other malformations and an increased number of resorptions; the type
and frequency of malformations are strictly dose- and time-dependent
(Gibson & Becker, 1968; Kreybig, 1965; Singh, 1971).

Placental transfer of !'*C-cyclophosphamide has been demonstrated in
mice (Gibson & Becker, 1971), and a positive correlation between the alkyla-
tion of embryonic DNA and production of congenital abnormalities has been
reported by Murthy et alZ. (1973). A similar correlation has been found for
nuclear-DNA-dependent RNA polymerases in rat embryos (Kohler & Merker, 1973).

Reactive cyclophosphamide metabolités were bound to DNA, RNA and
proteins isolated fram embryos and livers of pregnant mice, and the extent
of this binding was found to be modified by phencbarbital and by 2-diethyl-
aminoethyl-2,2-diphenyl valerate (Murthy et gl., 1973).

Cyclophosphamide induces point mutations in several genes of Escherichia
colt 343/113 after activation by mouse and rat liver fractions (Ellenberger
& Mohn, 1975). 1In a host-mediated assay using rats and mice, point muta-
tions in bacteria (Propping et al., 1972) and mitotic gene conversions in
strain D4 of Saccharomyces cerevisiae (Fahrig, 1974) were induced. Urinary
metabolites fram cyclophosphamide-treated rats induced mitotic gene con-
versions in Saccharomyces cerevisiae D4 (Siebert, 1974). Cyclophosphamide
induces dominant lethal mutations in C3H mice (Rohrborn & Vogel, 1967) and
recessive lethal mutations in Muller-5 strain of Drosophila me lanogaster
(Bertram & Hohne, 1959). Chramosome aberraticns are induced in human
peripheral white blood cells after cyclophosphamide treatment with a cumu-
lative dose of about 10 g over a period of 6 weeks (Bauchinger & Schmid,
1969).

Cyclophosphamide can cause sterility in either sex in man. It can
damage germinal cells in prepubertal and pubertal males (Penso et gl., 1974)
and accounts for premature ovarian failure in females (Uldall et qZ., 1972).
The predominant haematologic effect of this drug is leucopaenia (Bergsagel
et al., 1968). The reported incidence of cystitis in patients treated with
cyclophosphamide ranges from 4-36% (Bennett, 1974).
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The distribution of cyclophosphamide in the body and its metabolism
appear to be similar in man and animals (Brock et al., 1971). After its
i.v. injection the drug is rapidly absorbed from the blood: in patients
receiving 6-80 mg/kg bw/day of radio-labelled cyclophosphamide i.v., the
radioactivity was distributed rapidly to all tissues: its half-life in
the plasma was 6.5 hours; 68% of the injected label was excreted in the
urine within 4 days; no radiocactivity was found in the expired air or in
the faeces (Bagley et al., 1973). Ten to 14% of the drug is excreted
unchanged (Bolt et al., 1961; Cohen et al., 1971); 56% of the reactive
metabolites were bound to plasma proteins. Cyclophosphamide and several
of its metabolites have also been found in bile, milk, sweat, saliva,
cerebrospinal fluid and synovial fluid (Duncan et al., 1973; Wiernik &
Duncan, 1971). The metabolism of intravensouly administered !“C-cyclo-
phosphamide and the rate of excretion of its metabolites show large indi-

vidual variations (Mouridsen et al., 1974).

The drug is most toxic to the human foetus during the first 3 months,
and congenital abnormalities have been detected after i.v. injection of
large doses to pregnant wamen during this period of pregnancy (Greenberg &
Tanaka, 1964; Toledo et al., 1971).

3.3 Observations in man

At least 10 cases of malignant tumours have been reported in patients
treated with cyclophosphamide for non-malignant disorders, and in 8 of
these it was the only chemotherapeutic agent administered. The condition
most commonly treated was the nephrotic syndrame, and the duration of cyclo-
phosphamide therapy (when stated) was 3-24 months with an interval of 2
months to 3 or more years between the start of treatment and diagnosis of
the tumour. The 8 tumours comprised 2 cases of reticulum-cell sarcoma
(Fosdick et al., 1969; Tannenbaum & Schur, 1974) and one case each of
chronic lymphocytic leukaemia (Fosdick et al., 1969), Hodgkin's disease
(Cameron et al., 1974), cervical cancer (Bashour et al., 1973), malignant
melanama (Manny et al., 1972), astrocytama (Cameron et al., 1974) and glio-
blastama (Starzl et al., 1973). In the two other cases a transitional-cell
carcinoma of the bladder (Dale & Smith, 1974) and a reticulum-cell sarcoma
(Worrledge et al., 1968) developed after cyclophosphamide and chlorambucil
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chemotherapy; in the latter case the patient was treated for autoimmune
haemolytic anaemia, which may have been the first manifestation of the
reticulum-cell sarcoma. In addition, there have been 16 reports of second
primary tumours following cyclophosphamide therapy for the treatment of
malignant diseases; in 6 cases cyclophosphamide was the only chemotherapy
used, and in 5 cases irradiation was also administered (Dale & Smith, 1974;
Greenspan & Tung, 1974; Karchmer et al., 1974; Mundy & Baikie, 1973;
Okano et al., 1966; River & Schorr, 1966; Sypkens—-Smit & Meyler, 1970;
Worth, 1971). The duration of treatment with cyclophosphamide in these
cases was from 1-48 months or more. The 6 second primary tumours which
followed chemotherapy with cyclophosphamide alone were 3 carcinomas of the
bladder (Dale & Smith, 1974; Worth, 1971) » 2 cases of acute leukaemia,
both in myeloma patients (Karchmer et al., 1974), 1 reticulum—cell sarcoma
(Mundy & Baikie, 1973). Two cases of plasma-cell reticulosarcoma involving
non-lymphoreticular tissues were seen in patients with myelama receiving
cyclophosphamide therapy only (Holt & Robb-Smith, 1973)!.

A current prospective study of patients with non-malignant disorders
and who were treated with immunosuppressive drugs (Doll & Kinlen, 1970)
has so far produced no evidence of an increased incidence of malignant

disease in patients treated with cyclophosphamide (Cameron, 1975).

'Note by the Secretariat:

Prior to publication of this volume an article appeared describing
five further cases of bladder cancer in patients with myeloma or Hodgkin's
disease who had been treated with cyclophosphamide only in four cases, and
with cyclophosphamide plus chlorambucil in one case, for 3-6 years [Wall,
R.L. & Clausen, K.P. (1975) Carcinoma of the urinary bladder in patients
receiving cyclophosphamide. New Engl. J. Med., iii, 271-273].

147



4. Comments on Data Reported and Evaluation

4.1 Animal data

Cyclophosphamide is carcinogenic in mice and rats following its
intraperitoneal injection, in rats following its intravenous injection and
in mice following its subcutaneous injection, in doses similar to those
used in clinical practice. It produced mainly lung and lymphoreticular
tumours, and also tumours of the liver and reproductive organs, sarcomas

and squamous—-cell carcinamas of the skin.
4,2 Human data

The available case reports in which tumours were reported to have
occurred in patients treated with cyclophosphamide provide insufficient
evidence to determine if there is an increased risk of cancer following
the therapeutic use of this drug, with the possible exception of cancer
of the bladder.
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MANNOMUSTINE (DIHYDROCHIORIDE)

1. Chemical and Physical Data

Mannomustine (free base)

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 576-68-1
Chem. Abstr. Name: 1,6-Bis (2-chloroethylamino) -1, 6~dideoxy-D-mannitol

1,6-Bis (chloroethylamino) -1, 6-bis-deoxy-D-mannitol; 1 . 6-bis (chloro—-
ethylamino) -1, 6-dideoxy-D-mannite; 1,6-bis[ (B-chloroethyl)amino]-
1,6-dideoxy-D-mannitol; mannitol mustard*; mannitol nitrogen mustard*

1.2 Chemical formula and molecular weight

?Hz.NH.CHZ.CH2.Cl

HOCH

I

HOCH

HCOH

HCOH

CHZ.NH.CHz.CHz.Cl

ClOH22C12N204 Mol. wt: 305

1.3 Chemical and physical properties of the pure substance

(a) Description: White crystals

(b) Melting-point: 27 8% (decomposition)

(¢) Solubility: Slightly soluble in water, ethanol and pyxridine

1.4 Technical products and impurities

Mannomustine is not produced commercially.

*This name is also frequently used for the dihydrochloride salt of
mannomustine.
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Mannomustine dihydrochloride

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.:  551-74-6

Chem. Abstr. Name: 1,6-Bis(2-chloroethylamino)-1,6-dideoxy-D-

mannitol dihydrochloride

BCM; 1,6-bis(chloroethylamino)~1,6-dideoxy-D-mannite; 1,6-bis (chloro-
ethylamino) -1, 6—-dideoxy-D-mannite dihydrochloride; 1,6-bis (R-chloro—
ethylamino) -1,6-dideoxy-D-mannitol dihydrochloride; 1,6-di (2-chloro—
ethylamino) -1,6-dideoxy-D-mannitol dihydrochloride; 1,6-dideoxy-1,6-
di (2-chloroethylamino) ~D-mannitol dihydrochloride; dimesylmannitol ;
mannitol mustard*; mannitol nitrogen mustard*; mannogranol;

mannanustine*; mannamustine hydrochloride; NSC 9698
Degranol; Degranol Chinoin
1.2 Chemical formula and molecular weight

HCOH

CH2 .i\-le .CH2 .CHZCl

ClOH24Cl4N204 Mol. wt: 378.1

1.3 Chemical and physical properties of the pure substance

(a) Description: White crystals from 80% ethanol

(b) Melting-point:  239-2 41°%¢ (decomposition)

*This name is also used for the free base.
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(g) Optical rotation: [OL]D + 18.46° (1.8% in water)

(d) Identity test: A test is given in British Pharmaceutical Codex
(1973) .

(e) Solubility: Soluble in water (1 part in 2); slightly soluble
in ethanol; insoluble in chloroform and ether

(£) Stability: Agueous solutions decampose to D-mannitol and

CLCH,CH,NHCH, within 24 hours at 25°C (Narbutt-Mering, 1972).

1.4 Technical products and impurities

Mannomustine dihydrochloride is available in Europe in the form of
tablets containing 50 mg active ingredient and in ampoules for intravenous
injection containing 50 mg (Blacow, 1967; Dictionnaire Vidal, 1975;
Pullom, 1968-69; Steinbdck et al., 1969).

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
17
P. .

Mannanustine

2.1 Production and use

Mannamustine can be prepared by treating 1,2,5,6-dianhydro-3,4-0-
isopropylidine-D-mannitol with aziridine. The ethyleneimino derivative is
then treated with hydrochloric acid to yield mannomustine dihydrochloride,
which is converted to mannomustine by reaction with sodium hydroxide
(Vargha et al., 1957).

It has been tested as an antineoplastic agent, but it is not believed
to be produced commercially.

2.2 Occurrence
Mannamustine is not known to occur in nature.

Mannamustine dihydrochloride

2.1 Production and use

Mannamustine dihydrochloride can be prepared by treating 1,6-ditosyl-
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2,3,4,5-di- C-methylene-D-mannitol with ethanolamine to yield 1,6-di (8-
hydroxyethylamino) -1, 6~dideoxy-2,3,4,5-di-0 -methylene-D-mannitol. Chlori-—
nation of the product with thionyl chloride gives mannomustine dihydro-
chloride (Toldy & Vargha, 1959).

This chemical is produced in Hungary and is used in human medicine for
the treatment of malignant neoplasms, including breast and ovarian cancer,
chronic leukaemias, lymphomas and myelomas. It is administered intra-
venously three times per week in doses of 1 mg/kg bw daily until a total
dose of 500-1000 mg has been given (Brulé et al., 1973). It is also
available in tablet form for oral administration.

In Europe, studies have been made in laboratory animals on the
immunosuppressive effects of mannomustine dihydrochloride for skin-grafting
and kidney transplants (Mackiewicz et al., 1969; Nemeth et al., 1967);
however, it is not known whether this chemical is sold commercially for use

in this way in human medicine.
2.2 Occurrence
Mannomustine dihydrochloride is not known to occur in nature.

Mannomustine and mannomustine dihydrochloride

2.3 Analysis

The dihydrochloride can be estimated in blood by reaction with 4-
(4'-nitrobenzyl) pyridine (NBP) at levels of 0.1-0.2 umoles/ml (KOrds et al.,
1964). A method of this type applicable to various biological fluids has
been described by Truhaut et al. (1963), and a similar colorimetric method
has been used for detection in various tissues (Maljtseva & Moskvitina,
1974). As little as 18 ug/ml mannomustine was detected using a 2% spray
of NBP in acetone on silica gel plates (Sawicki & Sawicki, 1969). Reactions
of mannomustine with various indicator dyes were tabulated by Palyi (1962);
phenol red was found to be the most sensitive.

Paper (Palyi, 1962) and cellulose MN300 (Narbutt-Mering, 1972) have
also been used as chromatographic media. A titration method for determining
the purity of the drug is given in the British Pharmaceutical Codex (1973).
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Intraperitoneal administration

Mouse: Groups of 30 AJ mice of both sexes, 4-6 weeks old, received
i.p. injections of mannomustine dihydrochloride in water thrice weekly for
4 weeks (total doses, 2.2, 9, 36 and 144 ng/kg bw). At 39 weeks, 29, 24,
30 and 22 of the mice were surviving, and 12 (41%) , 21 (87%), 22 (77%) and
20 (94%) had lung tumours, with 0.6, 1.8, 1.4 and 2.4 tumour nodules per
mouse, respectively. In 385 male and 392 female control mice receiving
vehicle alone, 39.5% (male) and 31.4% (female) of the survivors developed
lung tumours by 39 weeks, with 0.5 and 0.36 lung tumours per mouse, res-
pectively. In the same experiment, the potency of mannamustine dihydro-
chloride was reported to be 40 times less than that of uracil mustard on
a molar basis (Shimkin et al., 1966).

A group of 100 male and 100 female C3 mice received i.p. injections of
2.5 mg/kg bw mannamustine dihydrochloride weekly for 52 weeks. Lymphatic
leukaemia occurred in 25% males and 23% females, and other leukaemias were
observed in 7% males and 4% females. Other tumours (unspecified) occurred
in 18% males and 21% females. In 200 controls of both sexes given 52
weekly injections of saline, the incidence of lymphatic leukaemia was 3.3%
and those of other leukaemias and other tumours 0.5% and 9%, respectively
(Németh, 1967).

(g) Intravenous administration

Rat: Fifty 100-day old male BR46 rats were given manncamustine
dihydrochloride (4 mg/kg bw) by i.v. injection ance weekly for 52 weeks.
Among 37 surviving rats, malignant tumours were observed in 5 (14%) and
benign tumours in 2 (5%) rats. Three benign and 3 malignant tumours occurred
in 85 controls (3.5%) (Schmihl, 1970). In an almost identical experiment,

48 male BR46 rats, 100 days of age, were given 4 mg/kg bw mannamustine
dihydrochloride by i.v. injection once weekly for 52 weeks. Among 37
surviving rats, 2 (5%) developed benign tumours and 4 (11%), malignant
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tumours. Among 65 controls, 3 (5%) and 4 (6%) developed benign and malig-
nant tumours, respectively (Schmahl & Osswald, 1970). [In neither study
was the tumour incidence in treated animals statistically different fram
that in controls (P>0.05).]

3.2 Other relevant biological data

The i.p. ID50 for mannomustine dihydrochloride was 56-160 mg/kg bw in
rats, depending on age and strain (Jeney et al., 1968; Raczynska-Bojancwska
& Gasiorowska, 1966; Zsebok et aql., 1965). The i.v. LD50 was 56-80 mg/kg
bw in rats and 90, 50 and 50 mg/kg bw in mice, rabbits and dogs, respectively
(Németh et al., 1958; Scherf et al., 1970; Schmahl, 1970; Schmahl &
Osswald, 1970). Ruvidic (1962) reported an s.c. LDso in mice of 120 mg/kg bw.

The principal toxic effect of mannamustine dihydrochloride is bone-—
marrow aplasia (Németh et al., 1958; Ruvidic, 1962); it is also immuno-—
suppressive (Scherf et al., 1970; Schmahl, 1971; Whitehouse et al., 1972),
causes toxic liver damage at high doses (Lapis et al., 1958) and decreases
renal functions (Bryukhanov, 1972). Mannomustine dihydrochloride prevented
mitosis in the intestinal mucosa and in the ear skin but not in the corneal
epithelium (Hadnagy et al., 1959).

Mannomustine dihydrochloride, '*C-labelled in the ethylamino chain, was
distributed heterogenously in the organs of 6-~week old Wistar rats following
.its i.v. injection at a dose of 100 mg/kg bw. After 30 minutes, 2.1% of
the applied radioactivity was found in the liver and 3.1% in the kidney.
After 12 hours, these values had fallen to 0.28% and 0.21%, respectively;
63% of a dose of 8-15 mg/kg bw was excreted in the urine. No activity was
detected in blood serum after 6 hours (Zsebok et al., 1965).

Liver RNA of mannamustine dihydrochloride-treated rats contained an
unidentified bound product in the ion-exchange chramatography profiles of an
HCl hydrolysate (Raczynska-Bojanowska & Gasiorowska, 1966). Incubation of
the dihydrochloride with DNA at room temperature for 50 minutes changed the
Tm point without changing the hyperchramicity of the DNA (Jeney et al.,
1969).

Mannomustine dihydrochloride given to rats on the 13th day of pregnancy
was not teratogenic, but the foetuses were only about half the normal size
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at birth (von Kreybig, 1970).

Mannomustine dihydrochloride induces chramosome aberrations in a
fibrosarcoma rat cell line BGD2 (Rimsa & Garzicic, 1970), in cultured
human peripheral lymphocytes and in embryonic fibroblasts (Bochkov &
Kuleshov, 1972; Mamaeva et al., 1972).

In humans, approximately 50% of a single dose of 1 mg/kg bw manno-
mustine was removed from the blood within 20 minutes (Kords et gl. , 1964).

3.3 Observations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation!

4.1 Animal data

Mannamustine administered as the dihydrochloride is carcinogenic in
mice following its intraperitoneal injection, producing an increased
incidence of leukaemia and a dose-related increase in the incidence of

lung tumours.
4.2 Human data

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

'See also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volune, p. 15.
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MELPHATLAN, MEDPHAIAN & MERPHALAN

1. Chemical and Physical Data

Melphalan
1.1 Synonyms and trade names

Chem. Abstr. Name: 4-[Bis (2-chloroethyl) amino]-I~phenylalanine

L-3-{para-[Bis (2-chloroethyl) aminoJphenyl}alanine; CB 3025; para-
di (2-chloroethyl) amino-I~phenylalanine; para~di (2-chloroethyl)amino-
phenylalanine; melfalan; NSC-88-6; phenylalanine mustard*; I-
phenylalanine mustaxd; phenylalanine nitrogen mustard; sarcolysin*;
L-sarcolysin; sarcolysine*; IL-sarcolysine; L~sarkolysin; SK-15673

Alkeran

1.2 Chemical formula and molecular weight

COOH
| /CH »-CH,CI Cy 3H; gCL N0,
CH.CH, N\
CH,.CH,CI
NH, Mol. wt: 305.2

1.3 Chemical and physical properties of the pure substance

(a) Description: White, odourless powder

(b) Melting-point: Pure substance, 177% (decomposition); crystals
from methanol, about 182°¢ (decamposition)

52 +7.5° (1.33% in 1 N HC1)

or -32.5° (0.67% in methanol)

(c) Optical rotation: [a]

*This name is also used for merphalan, which is a racemic mixture of
the D and L isamers, medphalan and melphalan.
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(d) Spectroscopy data: A 260 mm; Ei = 560 in aqueous solution
at pH 7

(e) Identity test: Two colour tests are given in the British
Pharmacopoeia (British Pharmacopoeia Cammission, 1973).

(f) Solubility: Soluble in methanol (1 part in 150) and in ethanol,
propylene glycol, dilute mineral acid and alkali solutions and
2% carboxymethylcellulose; practically insoluble in water;

insoluble in chloroform and ether

(g) Stability: Hydrolyses in soluticn: half-life, 12.5 hours in
isotonic saline at 20°C and 1.8 hours at 37°C (Weale, 1964).
In 0.001 M NaCl (10 pg/ml) camplete hydrolysis at 37°C takes
place in 3 hours, and at 100°C in 5 minutes (Chirigos & Mead,
1964). Solutions at 4°C retained full activity for more than
24 hours (Espiner et al., 1962).

1.4 Technical products and impurities

Melphalan is available in the US as a USP grade in the form of tablets
containing 2 mg active ingredient (Kastrup, 1974). Melphalan powder USP,
used to formulate the tablets, contains 93.0-100.5% melphalan, calculated
on the dried basis (US Pharmacopeial Convention, Inc., 1970).

In Western Europe, melphalan is available in tablets containing 2 and
5 mg and as injections equivalent to 100 mg anhydrous active ingredient in
1 ml solvent and 9 ml diluent (Bundesverband der pharmazeutischen Industrie,
1969; Dictionnaire Vidal, 1975; Pullom, 1968-69).

Medppilan

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.:  10345-94-8
Chem. Abstr. Name:  4-[Bis(2-chloroethyl)amino]-D-phenylalanine

(+) =3—{para-[Bis (2-chloroethyl) aminolphenyl}alanine; D-3-{para-[bis~
(2-chloroethyl) aminoJphenyl}lalanine; CB-3026; para-di(2-chloroethyl)-
amino-D-phenylalanine; medfalan; NSC-35051; D-phenylalanine mustard;

D-sarcolysine
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1.2 Chemical formula and molecular weight

See melphalan.

1.3 Chemical and physical properties of the pure substance

(_’3_*.) Description: White crystals from methanol

(b) Melting-point: About 182°C (decomposition)

(c) Optical rotation: [a]él

~7.5° (1.26% in 1 N HCl)

1.4 Technical products and impurities

Medphalan is not manufactured commercially.

Merphalan

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 531-76-0%
Chem. Abstr, Name: 4- [Bis(2—chloroethyl)amjno]—DL—phenylalanine

3-{para-[Bis (2~chloroethyl) amino]phenyl Jalanine; DL-3-{pgra-[bis-

(2~chloroethyl)amino Jphenyl }alanine; CB-3307; para-di (2-chloroethyl) -
amino-DI~phenylalanine; merfalan; NSC-14210; phenylalanine mustard**;
DL-phenylalanine mustard; sarcolysin**; DL-sarcolysin; sarcolysine**;

DI—~sarcolysine
Sarcoclorin

1.2 Chemical formula and molecular weight

See melphalan.

1.3 Chemical and physical properties of the pure substance

(a) Description: Needles from methanol

(b) Melting-point: 180-181°C (decamposition)

*Merphalan was originally allocated the Chem. Abstr. Reg. Serial No.
51-87-6; this has now been deleted, and the correct number is 531-76-0.

**This name is also used for melphalan, the L-isameric constituent of
merphalan, a DL-racemic mixture.
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(c) Optical rotation: Optically inactive

1.4 Technical products and impurities

Although it is believed to be marketed in the USSR, no data were
available.

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

Mel@.a_lan

2.1 Production and use

Melphalan can be synthesized by treating para-nitro-L-phenylalanine
ethyl ester with phthalic anhydride and then with hydrochloric acid to
yield para-nitro-N-phthaloyl-L-phenylalanine ethyl ester. This product is
then hydrogenated and treated with ammonia and ethylene oxide to give para-
di~ (2-hydroxyethyl) amino-N-a~-phthaloyl-L-phenylalanine ethyl ester. Chlori-
nation with phosphorous oxychloride followed by hydrolysis yields melphalan
(Bexgel & Stock, 1954, 1962).

Melphalan is produced in the UK by one campany, which exports some of
its production to the US and other countries. It is also produced in Italy
(Chemical Information Services, Ltd, 1975). The amount exported to the US
is not known, but it is estimated that total annual US sales of melphalan

for use in human medicine are approximately 5 kg.

Melphalan is used in human medicine for the treatment of various malig-—
nant diseases, especially of multiple myeloma, malignant melanoma and
adenocarcinomas of the ovary. The drug is usually administered in doses of
2-15 mg daily for a period of 2 or 3 weeks (British Pharmacopoeia Commission,
1973).

2.2 Occurrence

Melphalan is not known to occur in nature.
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MedEhalan
2.1 Production and use

Medphalan can be prepared by treating para-nitro-D-phenylalanine ethyl
ester with phthalic anhydride and then with hydrochloric acid to yield para-
nitro-V¥-phthaloyl-D-phenylalanine ethyl ester. This is hydrogenated and
treated with ammonia and ethylene oxide to give para-di (2-hydroxyethyl) -
amino-N-o~phthaloyl-D-phenylalanine ethyl ester. Chlorination with phos—
phorous oxychloride followed by hydrolysis yields medphalan (Bergel &

Stock, 1954, 1962).

Medphalan has been tested as an antineoplastic agent in animals in the
US and in Europe; however, melphalan and merphalan have been studied more
extensively and have found use in human medicine (White, 1960).

2.2 Occurrence
Medphalan is not known to occur in nature.

Merphalan

2.1 Production and use

Merphalan was synthesized in the UK according to the method described
for melphalan. At the same time, workers in the USSR synthesized merphalan
by treating acetamido-para-aminobenzylmalonic ester with ethylene oxide and
then with thionyl chloride to give acetamido-para-di (2-chloroethyl)amino-
benzylmalonic ester, which was converted to merphalan by prolonged heating
with hydrochloric acid (Larionov et al., 1955). ¢

Merphalan has been tested clinically as an antineoplastic agent in
Europe and Japan (White, 1960) and is used as such in the USSR.

2.2 Occurrence

Merphalan is not known to occur in nature.
Melphalan, medphalan and merphalan

2.3 Analysis
The three stereoiscmers react similarly with 4 (4'-nitrobenzyl)pyridine;

this can be used for their detemmination in plasma and urine and is sensitive
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down to 5 pg/ml (Truhaut et al., 1963). The method has been used to follow
the reaction of phenylalanine mustards with blood Zn vivo and in vitro

(Klatt et al., 1960). Reactions with 2-nitroindan-1,2-dione (Kozlov &
Bernshtein, 1968, 1970), sodium tetraphenylborane (De Carnevale-Bonino

et al., 1971) and para-N,N-dimethylaminobenzaldehyde (Kozlov & Bernmshtein,
1968) have also been used to determine phenylalanine mustards. UV-spectro-
photametry (Belousova, 1961), spectrofluorometry (detection limit, 0.05 pg/
ml) (Chirigos & Mead, 1964) and titrimetry (British Pharmacopoeia Cammission,
1973) can be used to determine the pure compounds in aqueous solution.

Phenylalanine mustards and their hydrolysis products have been separ-
ated by gas-liquid chromatography of the trimethylsilyl derivatives (Goras
et al., 1970) and by two-dimensional thin-layer chromatography on Kieselgel
G (Walthier & Jeney, 1968).

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

3.1 Carcinogenicity and related studies in animals

(a) Skin application

Mouse: Twenty-five S mice were given 10 weekly applications of a
0.1% w/v solution of medphalan in methanol (total dose, 3 mg). Thirty days
after the start of treatment, croton oil was applied once weekly for 18
weeks. When the treatments overlapped medphalan and croton oil were
applied alternately at 3-4-day intervals. By the end of the croton oil
treatment 4/22 surviving mice had developed a total of 8 skin papillomas;
and of 60 mice receiving various croton oil treatments 5/53 survivors had
developed a total of 7 papillomas. [P>0.05]. At this time 18 of the sur-
vivors in the experimental group were killed, and 13 were found to have
developed a total of 47 pulmonary adencmas (3.6 per mouse); in the control
group 10/17 mice killed had developed a total of 17 lung adencmas (1.7 per
mouse). In 1/3 of the remaining treated mice, a squamous-cell carcincma
of the skin developed 15 weeks after the end of the croton oil treatment.

An additional 25 mice received 10 weekly applications of a 0.01-0.1%
w/v solution of melphalan in methanol (total dose, 1.44 mg), followed by
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croton oil treatment as above. The same controls as for medphalan were
used. By the end of the treatment 2/19 survivors had developed a total of
7 skin papillomas. Of 13 survivors killed at this time 11 had a total of
57 pulmonary adenamas (5.1 per mouse). In 1/5 of the remaining treated
animals an undifferentiated skin carcinoma developed 3 weeks after the end
of treatment (Salaman & Roe, 1956). [The incidence of lung tumours seen in
treated animals was not statistically different from that in controls. ]

(b) Intraperitoneal administration

Mouse:  Four groups of 60 A/J mice of both sexes, 4-6 weeks of age,
were given i.p. injections of melphalan thrice weekly for 4 weeks (total
doses, 0.27, 1.07, 4.27 and 17.1 mg/kg bw). At 39 weeks after the first
dose there were 58, 56, 56 and 41 survivors, respectively, and 44%, 66%,
77% and 98% had developed lung tumours, with averages of 0.6, 1.0, 2.1
and 4.0 tumours per mouse. In 385 male and 392 female controls receiving
vehicle anly, the tumour incidences at 39 weeks were 39.5% (0.5 tumours/
mouse) for males and 31.4% (0.36 tumours/mouse) for females. In the same
experiment the potency of melphalan was reported to be about one quarter
that of uracil mustard an a molar basis (Shimkin et al., 1966).

Two groups of 25 male and 25 female Swiss mice were given thrice
weekly i.p. injections of 0.75 or 1.5 mg/kg bw melphalan for 6 months,
followed by observation for a further 12 months, at which time the animals
were killed. Lung tumours occurred in 11/44 males and 10/23 females, and
lymphosarcomas were found in 13/44 males. The incidences for each tumour
type were significantly greater in all cases than those in controls (P=
0.012, P=0.001 and P<0.001) (Weisburger et al., 1975).

Rat: Of 60 virgin female randam-bred rats given single i.p. injec-
tions of 10 mg/kg bw merphalan, 9/33 survivors developed mammary fibroade-
nomas between 12 and 17 months. Of the controls, 30/40 animals survived,
and no tumours of this type developed. In the same experiment 30 rats
received single doses of 400 rads X-rays, and 8/19 survivors developed

mammary fibroadenomas (Presnov & Jushkov, 1964).

Two groups of 25 male and 25 female Charles River CD rats were given
thrice weekly i.p. injections of 0.9 or 1.8 mg/kg bw melphalan for 6 months,
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followed by observation for a further 12 months, at which time the animals
were killed. Peritoneal sarcamas occurred in 11/20 males and 10/23 females,
and these incidences were statistically greater than those in controls
(P<0.001) (Weisburger et al., 1975).

3.2 Other relevant biological data

The various biochemical properties of phenylalanine mustards, .J'_nclu-
ding their effect on the uptake of precursors into protein and nucleic
acids and their action on several enzyme activities, have been reviewed
(Connors, 1971; Wheeler, 1962).

The i.p. LD50 of merphalan in rats is 23 mg/kg bw (Cohn, 1957); it

also inhibits bone-marrow haemopoiesis (Larionov et al., 1955).

Two days after i.p. administration of 15 mg/kg bw B-'“C-merphalan to
Walker carcinoma-bearing rats, the soluble protein fraction of kidney
contained at least three times the specific activity compared to that of
other tissues (e.g., blood, liver and Walker carcinoma), the level corres-—
ponding to no more than 60 ug merphalan/g protein (Cohn, 1957). After
administration of *H-melphalan to Walker carcincma-bearing rats, radio-
activity was found in liver, spleen, kidney, intestine and Walker carcinoma
and to a lesser extent in bone marrow, muscle, skin, testis and brain, but
not in the DNA fraction of any of these tissues. Approximately 25% of the
administered radiocactivity was excreted in the urine during the first 48
hours (Milner et al., 1965).

Merphalan was teratogenic in rats when given during the first 10 days
of pregnancy, causing termination of pregnancy and various types of malfor-—
mations (Aleksandrov, 1966). It exerts immunosuppressive effects in mice
(Fontalin et al., 1970; Kazaryan, 1970).

Melphalan produces structural aberrations of the chramatid and chromo-
sare types in bone-marrow cells of treated Wistar rats (Wantzin & Jensen,
1973) and chramatid-type aberrations in peripheral blood lymphocytes taken
from cancer patients (Sharpe, 1971).

Merphalan is mutagenic, inducing streptamycin-independent reversions
in strain Sd-4-73 of Escherichia coli (Szybalski, 1958).
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After its administration to cancer patients by perfusion, 60% merphalan
was removed from the blood within 45 minutes. It reacts rapidly with
heparinized blood: 40% of the administered dose had reacted within 45
minutes at 37°C in vitro (Klatt et al., 1960).

DNA synthesis was inhibited in the myeloma cells of cancer patients
given 2 mg melphalan per day (Hiroshi et al., 1972).

3.3 QObservations in man

Karchmer et al. (1974) and Kyle et al. (1975) have sumarized 28 case
reports of acute leukaemia which developed in patients administered alkyla-
ting agents, combined in some cases with irradiation, for the treatment of
myeloma. In 19 cases mel an was the only form of chemotherapy, although
in 7 cases (and possibly in 2 others) irradiation was also given. The
dose of melphalan was 2-6 mg/day for 15-102 months, and the leukaemias
(all of myeloid or monocytic type) developed 15-114 months (median, 45
months) after diagnosis of myeloma. Another patient, reported by Holt et
al. (1972), developed a typical myelocytic leukaemia while in remission
from myeloma after having received 1.2 g melphalan over a 4-year period.
Three cases of reticulosarcama of a plasma—cell type involving non-lympho-
reticular tissues have also been described in patients with myeloma who
had been treated with melphalan, although in one case radiotherapy had been
given and in one other case cyclophosphamide had also been administered
(Holt & Robb-Smith, 1973; ZILevin et al., 1967; River & Schorr, 1966). A
bronchogenic carcinoma has been reported in a myeloma patient treated with
melphalan (Scheidegger, 1972).

4., Caments on Data Reported and Evaluation

4.1 Animal data

Melphalan is carcinogenic in mice and rats following its intraperito-
neal injection, producing lymphosarcomas and a dose-related increase in
lung tumours in mice and peritoneal sarcomas in rats. Merphalan (a mixture
of medphalan and melphalan) produced an increased incidence of mammary

fibroadenomas in rats following its intraperitoneal injection in single doses.
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4.2 Human data

The available case reports suggest that the incidence of acute
leukaemia is increased in myelama patients treated with melphalan.

176



5. References

Aleksandrov, V.A. (1966) Peculiarities of the pathogenic action of
sarcolysine on rat embryogenesis. Dokl. Akad. Nank. SSSR, 171,
746-749

Belousova, A.K. (1961) Spectrophotametric determination of scme chloro-
ethylamines and products of their hydrolysis. Vop. Onkol., 7, 54-63

Bergel, F. & Stock, J.A. (1954) Cyto-active amino-acid and peptide deriva-
tives. I. Substituted phenylalanines. J. chem. Soc., 2409-2417

Bergel, F. & Stock, J.A. (1962) p-[Bis(2-chloroethyl)aminolphenylalanine.
US Patent, 3,032,584, May 1, National Research Development Corp.

British Pharmacopoeia Commission (1973) British Pharmacopoeia, ILondon,
HMSO, p. 284

Bundesverband der pharmazeutischen Industrie (1969) Rote Liste, Frankfurt,
p. 34

Chemical Information Services, Ltd (1975) Directory of Western Furcpean
Chemical Producers, 1975/76, Oceanside, NY

Chirigos, M.A. & Mead, J.A.R. (1964) Experiments on determination of
melphalan by fluorescence. Interaction with protein and various
solutions. Analyt. Biochem., 7, 259-268

Cohn, P. (1957) The distribution of radicactivity in tissues of the rat
following the administration of a nitrogen mustard derivative (p—di-
(2-chloroethyl) amino-DL-phenyl (B-'*C)alanine. Brit. J. Cancer, 11,
258-267

‘Connors, T.A. (1971) Effects of drugs on structure, biosynthesis and cata-
bolism of nucleic acids, proteins, carbohydrates and lipids. Nucleic
acids and protein. Drugs which cambine chemically with nucleic acids:
alkylating agents. In: Bacq, Z.M. et al., eds, Fundamentals of
Biochemical Pharmacology, Elmsford, New York, Pergamon Press, pp. 461-
475

De Carnevale Bonino, R.C.D., Dobrecky, J. & Guerello, L.O. (1971) Estimation
of cytostatics using sodium tetraphenylborane and volumetric analysis
in a non-aqueous medium. Rev. farm. (B. Aires), 113, 15-19

Dictionnaire vidal (1975) 51st ed., Paris, Office de Vulgarisation
Pharmaceutique, p.55

Espiner, H.J.,; Vowles, K.D.J. & Walker, R.M. (1962) Cancer chemotherapy by
intra-arterial infusion. A preliminary report concerning tumours of
the head and neck. ILancet, i, 177-181

177



Fontalin, L.N., Pevnitskii, L.A., Solov'ev, V.V., Kazaryan, K.A. & Filitis,
L.N. (1970) Analysis of inmunodepressive activity of some chemical
agents and their utilization for creating immunological tolerance in
the post-natal period. Vestn. Akad. med. Nauk, 25, 75-86

Goras, J.T., Knight, J.B., Iwamoto, R.H. & Lim, P. (1970) Gas-liquid
chramatographic determination of melphalan. J. pharm. Sci., 59, 561-563

Hiroshi, H., Kzuo, N. & Kiyoyasu, N. (1972) Kinetic studies on human
myeloma cells following melphalan administration. Acta haemat. jap.
34, 614

Holt, J.M. & Robb—Smith, A.H. (1973) Multiple myeloma: development of
plasma cell sarcoma during apparently successful chemotherapy.
J. clin. Path., 26, 649-659

Holt, J.M., Robb-Smith, A.H.T., Callender, S.T. & Spriggs, A.I. (1972)
Multiple myelama: Development of alternative malignancy following
successful chemotherapy. Brit. J. Haemat., 22, 633

Karchmer, R.K., Amare, M., Larsen, W.E., Mallouk, A.G. & Caldwell, G.G.
(1974) Alkylating agents as leukaemogens in multiple myeloma.
Cancer, 33, 1103-1107

Kastrup, E.K., ed. (1974) Facts and Camparisons, St Louis, Missouri,
Facts & Comparisons Inc.

Kazaryan, K.A. (1970) Immunodepressive activity of same radiomimetics
during immunization of mice with sheep erythrocytes. Byull. &ksp.
Biol. Med., 69, 87-91

Klatt, O., Griffin, A.C. & Stehlin, J.S., Jr (1960) Method for determination
of phenylalanine mustard and related alkylating agents in blood.
Proc. Soc. exp. Biol. (N.Y.), 104, 629-631

Kozlov, K.E. & Bernshtein, V.N. (1968) Qualitative and quaptitative analysis
of drugs of the bis(2-chloroethyl)amine group. Aktual. Vop. Farm., 61-65

Kozlov, K.E. & Bernshtein, V.N. (1970) Qualitative and quantitative analysis
of medicinal preparations: derivatives of bis (2~chloroethyl)amine.
Farmatgiva (Moscow), 19, 34-35

Kyle, R.A., Pierre, R.V. & Bayrd, E.D. (1975) Multiple myelama and acute
leukemia associated with alkylating agents. Arch. intern. Med., 135,
185-192

Larionov, L.F., Khokhlov, A.S., Shkodinskaja, E.N., Vasina, 0.S., Troosheikina,
V.I. & Novikova, M.A. (1955) Studies on the anti~-tumour activity of
p—di (2-chloroethyl)aminophenylalanine (sarcolysine). Lancet, i, 169-171

Ievin, H.A., Freeman, R.G., Smith, F.E. & Lane, M. (1967) Multiple extra-
medullary plasmacytomas. Arch. Derm., 96, 456-461

178



Milner, A.N., Klatt, O., Young, S.E. & Stehlin, J.5., JdJr (1965) The bio-
chemical mechanism of action of I-phenylalanine mustard. I. Distri-
bution of I~phenylalanine mustard-H® in tumour bearing rats. Cancer
Res., 25, 259-264

Presnov, M.A. & Jushkov, S.F. (1964) The development of mastopathy and
fibroadenoma in the rat mammary gland after intraabdaminal sarcolysin
injection. Vop. Onkol., 10, 66-72

Pullom, E.N., ed. (1968-69) Mims Annual Compendium, Iondon, Medical
Publications Ltd, p. 92

River, G.L. & Schorr, W.F. (1966) Malignant skin tumors in multiple myeloma.
Arch. Derm., 93, 432-438

Salaman, M.H. & Roe, F.J.C. (1956) Further tests for tumour-initiating
activity: WN,N-di-(2-chloroethyl)-p-aminophenylbutyric asid (CB 1348)
as an initiator of skin tumour formation in the mouse. Brit. J. Cancer,
10, 363-377

Scheidegger, S. (1972) Lungenfibrose, rezidivierende Vasculitis und multi-—
zentrisches Lungencarcinam nach cytostatischer Therapie mit Alkeran.
Verh. dtsch. Ges. Path., 56, 364-368

Sharpe, H.B.A. (1971) Observations on the effect of therapy with nitrogen
mustard or a derivative on chramosames of human peripheral blood
lymphocytes. Cell Tissue Kinet., 4, 501-504

Shimkin, M.B., Weisburger, J.H., Weisburger, E.K., Gubareff, N.K. & Suntzeff,
V. (1966) Bioassay of 29 alkylating chemicals by the pulmonary tumor
response in strain A mice. J. nat. Cancer Inst., 36, 915-935

Szybalski, W. (1958) Special microbiclogical systems. II. Observations
on chemical mutagenesis in microorganisms. Ann. N.Y. Acad. Sci., 76,
475-489

Truhaut, R., Delacoux, E., Brule, G. & Bohuon, D. (1963) Dosage des agents
alcoylants dans les milieux biologiques. Méthode utilisant la réaction
colorée avec la y-(nitro-4-benzyl)-pyridine en milieu alcalin.

Clin. chim. acta, 8, 235-245

US Pharmacopeial Convention, Inc. (1970) The US Pharmacopeia, 18th rev.,
Easton, Pa , Mack, pp. 393-394 :

Walthier, J. & Jeney, A. (1968) Thin-layer chramatography for biological
alkylating agents. Acta pharm. hung., 38, 236-244

Wantzin, G.L. & Jensen, M.K. (1973) The induction of chramosame abnormalities
by melphalan in rat bone-marrow cells. Scand. J. Haemat., 11, 135-139

179



Weale, F.E. (1964) Ice-cooled melphalan for regional infusion. Iancet, i,
23-24

Weisburger, J.H., Griswold, D.P., Jr, Prejean, J.D., Casey, A.E., Wood,
H.B., Jr & Weisburger, E.K. (1975) The carcinogenic properties of same
of the principal drugs used in clinical cancer chemotherapy. Recent
Results Cancer Res. (in press)

Wheeler, G.P. (1962) Studies related to the mechanism of action of cyto-
toxic alkylating agents: A review. Cancer Res., 22, 651-687

White, F.R. (1960) New agent data summaries. Sarcolysin and related
campounds. Cancer Chemother. Rep., 6, 61-93

180



MUSTARD GAS

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 505-60-2
Chem. Abstr. Name: 1,1'-Thiobis(2-chloroethane)

Bis (2-chloroethyl) sulphide; bis(f-chloroethyl)sulphide; Il-chloro-
2- (B~chloroethylthio) ethane; 2,2'-dichlorodiethyl sulphide; di-2-
chloroethyl sulphide; B8,8'-dichloroethyl sulphide; Schwefel-Lost;
S-lost; S mustard; sulphur mustard; sulphur mustard gas; yellow
cross liquid

Yperite

1.2 Chemical formula and molecular weight

CH2 . CH2Cl

S c,HLCL,S Mol. wt: 159.1

\ 478772

CIH2 . CH2C1

1.3 Chemical and physical properties of the pure substance

(a) Description: Colourless, odourless, oily liquid; forms prisms
on cooling

(b) Melting-point: 13-14°C

(c) Boiling-point: 215-217°C at 760 mm Hg; 108°C at 14 mm Hg;
98°C at 10 mm Hg

. 20 .. 13 .
(d) Density: d4 1.274 (liquid); d 1.338 (solid)

(g_) Refractive index: n%o 1.531

(£) Solubility: Sparingly soluble in water (0.68 g/l at 25°C);
soluble in fat, fat solvents and other common organic solvents
(Seidell, 1941; Stecher, 1968)
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(g) Volatility: Volatile with steam; vapour pressure at 0% is
0.025 mm Hg, and 0.09 mm Hg at 30°C

(h) stability: Hydrolysed in aqueous solution (ti, 5 minutes at
' 37°C). The products of hydrolysis are thiodiglycol and hydro-
chloric acid (Berenblum, 1935).

(1) Reactivity: Reacts with sulphhydryl and imidazole groups
(Dawson et al., 1959). 1Its reaction with bleach and chlorine
provides a method of decontamination.

1.4 Technical products and impurities

Mustard gas is believed to be produced in small quantities by
manufacturers of laboratory chemicals.

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

2.1 Production and use

Mustard gas may have been synthesized by Despretz (Despretz, 1822),
but large quantities were not manufactured until World War I: by 1919,
US production had increased to approximately 18,000 kg per day. At that
time mustard gas was synthesized in the US by reacting ethylene with sulphur
monochloride at 30-35°C. In Germany it was produced by treating ethylene
first with hypochlorous acid and then with sodium sulphide, to yield B,8'-
dihydroxyethyl sulphide. This product was then heated with hydrochloric
acid, yielding mustard gas (Jackson, 1936).

Mustard gas was used as a vesicant in chemical warfare during World
War I and in Ethiopia in 1936 (United Nations, 1969). Although no further
military use was reported, production and stockpiling of this chemical
continued, especially during World War II (Rose, 1968) and stocks may still
have existed in the US as recently as 1974 (Anon., 1974).

Mustard gas has been tested as an antineoplastic agent (Huntress et
al., 1963), but its clinical use as a tumour inhibitor has been minimal.
It is used as a model compound in biological studies on alkylating agents.
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2.2 Ococurrence

For same time after July 1917, much of the French soil in the region
of battle lines was contaminated with mustard gas (Case & Lea, 1955). The
average and maximum atmospheric concentrations likely to have been produced
under military conditions, in the area of falling shells, have been esti-
mated to be 3 and 5 ppm, respectively (Thorpe, 1974).

2.3 Analysis

Gas chromatographic methods are available for the determination of
mustard gas (Albro & Fishbein, 1970; Casselmann et aql., 1973). It can
also be estimated in air at levels of 0.5-1 ug/l air using detection tubes
containing 4-(4'-nitrobenzyl)pyridine complexes with bivalent mercury,
nickel and magnesium salts and using purified activated silica gel as
carrier (Kratochvil & Martinek, 1969).

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

3.1 Carcinogenicity and related studies in animals

(a) Inhalation and/or intratracheal administration

Mouse: A group of 40 male and 40 female A mice, 2-3 months of age,
was exposed for 15 minutes to vapours from 100 an® mustard gas in an 8-litre
dessicator; 40 male and 40 female controls were exposed to air alone.

Four months after exposure 30 test and 32 control mice were killed, and the
incidences of lung tumours were found to be 9/30 and 6/32, respectively.

All other surviving animals were killed after 11 months of exposure, and
33/67 mice exposed to mustard gas (including those already mentioned) had
lung tumours (unspecified), compared with 21/77 controls. The numbers of
tumours per mouse were 0.66 in the exposed group and 0.31 in the controls.
The difference in incidence campared with that in controls is reported to be
highly significant (P<0.0l) (Heston & Levillain, 1953).

(b) Subcutaneous and/or intramuscular administration

Mouse: Three groups of 2-3-month old mice, comprising 16 C3H mice of
both sexes, 10 female C3Hf mice and 30 A mice of both sexes, were given 5-6
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weekly s.c. injections of 0.05 ml of a 0.05% solution of mustard gas in
olive 0il and were cbserved until natural death (average survival times,

7 months in A males to 15 months in C3Hf females). Fibrosarcomas at the
injection site were cbserved in 1/8 C3H males, 2/9 C3Hf females and 1/14

A males 10-14 months after the beginning of treatment. Mammary tumours
were also observed in 2 female C3Hf mice, in 8/8 treated C3H females and in
1/12 treated A females; in a concurrent study mammary tumours were reported
to have occurred in 2/100 female C3Hf controls, in 7/8 C3H controls, and

in 0/14 A controls. In a second experiment, a rhabdomyosarcama occurred
after 15 months in 1/24 C3H males, and local sarcamas were observed in

2/38 C3Hf males about 15 months after the start of treatment. No subcuta—
neous sarcomas occurred in 60 non-injected C3H or C3Hf male controls nor

in male and female C3H and A controls injected with olive oil (Heston,
1953). [P>0.05].

(c ) Intravenous administration

Mouse: A group of 15 male and 15 female A mice, 2 months old, was
injected intravenously on alternate days with 0.25 ml of a 1:10 dilution
of a saturated solution of mustard gas in water (0.06-0.07%) for a total
of 4 injections. All survivors were killed at the age of 6 months, and
14/15 (93%) treated mice had developed pulmonary tumours (2.6 tumours/
mouse) , compared with 15/28 (61%) controls (0.9 tumours/mouse). In a
second experiment, in which a slightly lower dose of mustard gas was
administered intravenously to 24 males and 24 females, pulmonary tumours
were found in 32/47 (68%) treated survivors (1.09 tumours/mouse) at the age
of 6 months, compared with 6/46 (13%) in controls (0.13 tumours/mouse)
(Heston, 1950). [P<0.001].

3.2 Other relevant biological data

The i.v. LD50 in rats is 0.7 mg/kg bw (Stecher, 1968).

Mustard gas inhibited the carcinogenic action of coal-tar on mouse
skin (Berenblum, 1935).

Following i.v. injection of 5 mg/kg bw ®°S-labelled mustard gas into
rabbits, the radioactivity was rapidly diffused throughout the body; about

one-fifth of the activity was excreted in the urine within 12 hours; excre-
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tion vig the bile was noted; and the liver, lungs and kidneys were the
main organs in which radioactivity was retained (Boursnell et al., 1946).
In mice and rats given 1-5 mg/kg bw *°S-labelled mustard gas by i.v. injec-
tion, very small amounts of radiocactivity were found in the expired air
(0.05%) and faeces (6%) of rats, the majority of the injected dose being
excreted in the urine within 72 hours. The main urinary metabolites were
thiodiglycol and conjugates (15%), glutathione-bis-B-chloroethylsulphide
conjugates (45%), glutathione-bis-B-chloroethylsulphone conjugates (7%)
and bis-B-chloroethylsulphone and conjugates (8%). Very small amounts of
cysteine conjugates were also present (Davison et al., 1961). I.p. injec-
tion of 1 mg *°S-mustard gas in rats resulted in the urinary excretion of
bis-cysteinylethylsulphone and small amounts (15%) of thiodiglyool metabo-
lites (Roberts & Warwick, 1963).

Mustard gas reacts in vivo with proteins and nucleic acids of the
lung, liver and kidney of A/J mice (Abell, 1964). The perfusion of lungs
isolated fram dogs showed that equilibrium between the blood and tissues
was reached after 5 minutes and that 14% of the activity was retained in
the lung (Pierpont & Davison, 1962).

Mustard gas, at low concentrations, has been shown to inhibit DNA
synthesis in E. coli bacteria (Lawley & Brookes, 1965), in HeLa cells
(Crathorn & Roberts, 1966; Roberts et al., 197la), in L-cells (Reid &
Walker, 1969) and in Hela and Chinese hamster cells (Roberts et al., 1971b).
7-Hydroxyethylthioethylguanine and di(guanin-7-yl)ethyl sulphide have been
identified in the cross-linking of the DNA double helix (Lawley & Brookes,
1965; Reid & Walker, 1969). Cell recovery after enzymatically mediated
removal of such cross-links has been demonstrated in both bacterial and
mammalian cell systems.

Mustard gas was the first chemical reported to induce mutations and
chromosame rearrangements in Drosophila melanogaster (Auerbach & Robson,
1946) and mutations in specific DNA regions (r-RNA coding bb locus) (Fahmy
& Fahmy, 1971). It induces chramosame aberrations in cultured rat Lympho-
sarcama cell lines (Scott et al., 1974); and in a host-mediated assay in
male BDF mice, using murine leukaemia L5178Y/Asn cell line as indicator,
it induced both chramosame aberrations and reverse mutations to asparagine
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independence after single s.c. doses of 100 mg/kg bw. Similar results
were obtained with the same cell line tested <n vitro (Capizzi et al.,
1973) . Daminant lethal mutations in adult male virgin rats were induced
after exposure to mustard gas at 0.1 mg/m® of air for 52 weeks (Rozmiarek
et al., 1973). |

Two temminal cancer patients given i.v. doses of 5 mg (0.1 mg/kg bw)
33g-labelled mustard gas in ethanol excreted 23% of the radioactivity in
urine within 24 hours and 27% after 48 hours. The urinary metabolites
were the same as those found in rat and mouse urine, as judged by similari-
ties in ocolumn chromatographic eluant patterns (Davison et al., 1961).

3.3 Observations in man

Case & Lea (1955) examined the mortality records fram 1930-1952 of
1267 war pensioners who suffered fram mustard gas poisoning during 1917-
1918. The results were compared with those obtained from two other groups:
(a) 1421 war pensioners who suffered from chronic bronchitis, but who had
never been exposed to mustard gas and (b) 1114 war pensicners who were
wounded but who had not been poisoned by mustard gas. In both the mustard
gas and chronic bronchitis groups an excess mortality was found compared
with that expected from the general male population mortality rates in
England and Wales. This was mainly accounted for by an excess of deaths
from chronic bronchitis. Mortality from cancer of the lung and pleura was
also greater in these two groups and to an equal extent (in both, 29
observed, compared to 14 expected) but not in the amputation group (13,
compared to 16 expected). There were no significant differences in any of
the three groups between observed and expected numbers of cancers involving
sites other than the lung and pleura. It was noted that almost all of
those in the mustard gas group also suffered fram chronic bronchitis, fraom
which there was a high mortality (217, compared to 21 expected). The
authors concluded that the increased risk of lung and pleural cancer could
not be attributed to mustard gas poisoning but appeared to be associated
in same way with chronic bronchitis. No account could be taken of smoking
habits in this study. However, it may be relevant that Dorn (1958, quoted
in Noxman, 1975) has shown that a significantly higher proportion of men
injured by mustard gas had given up smoking before the age of 40. It is
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possible, therefore, that the presence of a greater proportion of chronic
smokers in the bronchitis group resulted in a greater mortality from lung
cancer due to smoking than in the mustard gas group, and that this evidence

was masked by a carcinogenic effect of the gas.

Mortality records fram 1919-1955 were examined for 2718 American
soldiers exposed to mustard gas during 1917-1918, for 1855 soldiers who had
pneunonia during the influenza epidemic of 1918 but who had not been exposed
to mustard gas and for 2578 wounded soldiers with no history of mustard gas
poisoning or of pneumonia. Differences in mortality in the three groups
were seen only in the second decade (1930-39) of the follow-up, at which
time the mustard gas group suffered a higher mortality, mainly fram pneu-
monia and tuberculosis. There were 36 deaths from lung cancer (1.3%) in
the mustard gas group, compared with 14 (0.8%) in the pneumonia group and
26 (1%) in the war-wounded group. Differences in the incidence of chronic
bronchitis were noted (65%, 35% and 20% in the mustard gas, pneumonia and
wounded groups, respectively) and in the proportion of men who had stopped
smoking. A comparison of the numbers of deaths from all respiratory cancers
with the expected numbers, calculated from US mortality rates, showed the
following ratios of cbserved to expected cases: mustard gas, 39:26 (1.47);
pneumonia, 15:18 (0.81); and war-wounded, 30:26 (1.15). These data suggest
that mustard gas exposure is associated with an increased risk of respiratory
cancer, but that the extent of the increase is not large (Beebe, 1960).

The results of a further study involving an additional 10 years of follow-
up of these groups did not alter the original conclusion (Norman, 1975).

A stronger association between mustard gas exposure and respiratory
cancer is indicated by the experience of workers in a Japanese factory which
manufactured this gas fram 1929-1945 and on a large scale in the period
1937-1944. Protective measures were neither fully effective nor generally
applied, and the working environment attained mustard gas concentrations of
0.05-0.07 mg/l. The first suspicion of an increased risk of cancer came in
1952 fram a death from bronchial cancer of a 30-year old male who had been
occupationally exposed to mustard gas for 16 months fram 1941 (Yamada et
al., 1953). Four cases of squamous—cell carcinamas of the larynx and one

carcinama in situ affecting the same site were reported in Japanese workers
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17-24 years after occupational exposure to mustard gas for 5-13 years.
Furthemmore, of 97 deaths in exposed workers, respiratory cancer accounted
for 60% (12) of deaths from malignant tumours (20) in the period 1946-1957
(Yamada et al., 1957).

Yamada (1963) examined a series of 172 deaths in former workers in
this factory and found that 48 (27.9%) were from cancer; of these 28
(16.3%) were of the respiratory tract and oropharynx. Twenty-three were
examined histologically, and 16 were found to be squamous-cell and 7,
undifferentiated cancers occurring at the following sites: tongue (1),
sinuses (1), pharynx (3), larynx (6), trachea (1) and bronchus (11). Of
5030 deaths in non-exposed inhabitants of the same area, 406 (8.1%) were
from cancer, of which only 19 (0.4%) involved the respiratory tract.

Extending the study for the period 1952-1967, Wada et al. (1968)
canpared the observed numbers of deaths to those expected on the basis of
Japanese mortality experience. Among 495 workers who had manufactured
mustard gas, 33 had died fram cancers of the respiratory tract, campared to
0.9 expected. Of 960 male employees not engaged in the production of the
gas, only 3 were known to have died since 1952 from respiratory tract
cancers, compared to 1.8 expected. Although there was evidence of. preferen-
tial reporting of deaths in the gas—exposed group, the excess of respiratory
tract cancers in this group was substantial.

Another study has recently been reported of workers in Germany engaged
in the production, testing and destruction of mustard gas and nitrogen
mustard, mainly during the period 1935-45. The factory employed 878 workers,
less than half of wham worked in close contact with mustard gas, nitrogen
mustard or with a mixture of the two. In addition, there was some limited
exposure in the factory to bromoacetone, phosgene, chloropicrihe and organic
arsenicals. Of that relatively small population of workers exposed to the
gas or to nitrogen mustard and for whom records were available, there were
85 deaths in the years 1951-1972 and of these 32 were due to cancer. An
excess of certain cancers over those expected from the mortality rates for
Lower Saxony was found, but this was significant only in the case of bronchial
carcinomas (11, compared to 5 expected). It must be noted that the restric-
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tion of the study to workers with available medical records raises the
possibility that the proportion with cancer may have been inflated, since
medical or autopsy records would more likely have been preserved for workers
with cancer (Weiss & Weiss, 1975).

4. Comments on Data Reported and Evaluation

4.1 Animal data

Mustard gas is carcinogenic in mice, the only species tested, following
their exposure to its vapours or following its intravenous injection,
inducing an increase in the incidence of lung tumours. Following its sub-
cutaneous injection in mice, it produced a low incidence of sarcomas at

the site of injection.
4.2 Human data

There is evidence of an increased incidence of cancers of the respira—

tory tract in men exposed to mustard gas.

189



5. References

Abell, C.W. (1964) The in vivo reaction of sulphur mustard with protein
and ribonucleic acid isolated from the tissues of A/J mice.
Proc. Amer. Assoc. Cancer Res, 5, 1

Albro, P.W. & Fishbein, L. (1970) Gas chromatography of sulphur mustard
and its analogues. J. Chramat., 46, 202-203

Anon. (1974) House stirs up chemical warfare issues. Chemical and
Engineering News, August 19, pp. 19-20

Auerbach, C. & Robson, J.M. (1946) Chemical production of mutations.
Nature (Iond.), 157, 302

Beebe, G.W. (1960) Iung cancer in World War I veterans: possible relation
to mustard gas injury and 1918 influenza epidemic. J. nat. Cancer Inst.,
25, 1231-1252

Berenblum, I. (1935) Experimental inhibition of tumour induction by mustard
gas and other compounds. J. Path. Bact., 40, 549-558

Boursnell, J.C., Cohen, J.A., Dixon, M., Francis, G.E., Greville, G.D.,
Needham, D.M. & Wormall, A. (1946) Studies on mustard gas (BB'-dichloro-
diethylsulphide) and same related compounds. V. The fate of injected
mustard gas (containing radioactive sulphur) in the animal body.

Biochem. J., 40, 756-764

Capizzi, R.L., Smith, W.J., Field, R. & Papirmeister, B. (1973) A host-
mediated assay for chemical mutagens using the L5178Y/Asn murine
leukemia. Mutation Res., 21, 6

Case, R.A.M. & Iea, A.J. (1955) Mustard gas poisoning, chronic bronchitis
and lung cancer. An investigation into the possibility that poisoning
by mustard gas in the 1914-18 war might be a factor in the production
of neoplasia. Brit. J. prev. soc. Med., 9, 62-72

Casselmann, A.A., Gibson, N.C.C. & Bannard, R.A.B. (1973) A rapid, sensitive,
gas-liquid chramatographic method for the analysis of bis(2-chloroethyl) -
sulfide collected fram air in hydrocarbon solvents. J. Chromat., 78,
317-322

Crathorn, A.R. & Roberts, J.J. (1966) Mechanism of the cytotoxic action of
alkylating agents in mammalian cells and evidence for the removal of
alkylated groups fram deoxyribonucleic acid. Nature (Iond.), 211,
150-153

Davison, C., Rozman, R.S. & Smith, P.K. (1961) Metabolism of bis—B-chloro-
ethyl sulfide (sulfur mustard gas). Biochem. Pharmacol., 7, 65-74

190



Dawson, R.M.C., Elliott, D.C., Elliott, W.H. & Jones, K.M., eds (1959)
Data for Biochemical Research, Oxford, Clarendon Press

Despretz, M. (1822) Des compos@s triples du chlore. Amn. chem. Phys.,
21, 438

Fahmy, O.G. & Fahmy, M.J. (1971) Mutability at specific euchromatic and
heterochramatic loci with alkylating and nitroso compounds in Drosophila
melanogaster. Mutation Res., 13, 19-34

Heston, W.E. (1950) Carcinogenic action of the mustards. J. nat. Cancer
Inst., 11, 415-423

Heston, W.E. (1953) Occurrence of tumors in mice injected subcutaneously
with sulfur mustard and nitrogen mustard. J. nat. Cancer Inst. , 14,
131-140 T

Heston, W.E. & Levillain, W.D. (1953) Pulmonary tumors in strain A mice
exposed to mustard gas. Proc. Soc. exp. Biol. (N.Y.), 82, 457-460

Huntress, W.T., Goodridge, T.H. & Bratzel, R.P. (1963) Survey of sulfur
mustards. Cancer Chemother. Rep., 26, 323-338

Jackson, K.E. (1936) The history of mustard gas. Tennessee Acad. Sci. J.,
11, 98-106

Kratochvil, V. & Martinek, J. (1969) Neues Verfahren zum Nachweis wvon
Yperit. Chemické Zvesti, 23, 382-390

Lawley, P.D. & Brookes, P. (1965) Molecular mechanism of the cytotoxic
action of difunctional alkylating agents and of resistance to this
action. Nature (Lond.), 206, 480-483

Norman, J.E. (1975) Lung cancer mortality in World War I veterans with
mustard gas injury: 1919-1965. J. nat. Cancer Inst., 54, 311-317

Pierpont, H. & Davison, C. (1962) Lung perfusion. Behaviour of "alkylating"
and "antimetabolite” cancer chemotherapeutic agents in dogs. J. Amer.
med. Ass., 179, 421-423

Reid, B.D. & Walker, I.G. (1969) Response of mammalian cells to alkylating
agents. II. On the mechanism of the removal of sulfur mustard-
induced cross-links. Biochem. biophys. acta, 179, 179-188

- Roberts, J.J. & Warwick, G.P. (1963) Studies of the mode of action of
alkylating agents. VI. The metabolism of bis—2-chlorcethylsulphide
(mustard gas) and related compounds. Biochem. Pharmacol., 12, 1329-1334

Roberts, J.J., Brent, T.P. & Crathorn, A.R. (197la) Evidence for the inacti-
vation and repair of the mammalian DNA template after alkylation by
mustard gas and half mustard gas. Europ. J. Cancer, 7, 515-524

191



Roberts, J.J., Pascoe, J.M., Smith, B.A. & Crathorn, A.R. (1971b)
Quantitative aspects of the repair of alkylated DNA in cultured
mammalian cells. II. Non-semiconservative DNA synthesis (repair
synthesis) in Hela and Chinese hamster cells following treatment with
alkylating agents. Chem.-biol. Interact., 3, 49-68

Rose, S., ed. (1968) Chemical and Biological Warfare, Boston, Beacon
Press, pp. 32-33

Rozmiarek, H., Capizzi, R.L., Papirmeister, B., Fuhrman, W.H. & Smith, W.J.
(1973) Mutagenic activity in somatic and germ cells following chronic
inhalation of sulfur mustard. Mutation Res., 21, 13-14

Scott, D., Fox, M. & Fox, B.W. (1974) The relationship between chromosamal
aberrations, survival and DNA repair in tumour cell lines of differential
sensitivity to X-rays and sulphur mustard. Mutation Res., 22, 207-221

Seidell, A. (1941) Solubilities of Organic Campounds, 3rd ed., Vol. II,
New York, Van Nostrand Co. Inc., pp. 341-342

Stecher, P.G., ed. (1968) The Merck Index, 8th ed., Rahway, N.J., Merck &
Co., p. 706

Thorpe, E., ed. (1974) Dictionary of Applied Chemistry, 4th ed., Vol. 3,
London, Iongman, p. 8

United Nations (1969) Chemical and Bacteriological (Biological) Weapons
and the Effects of their Possible Use, New York, p. 2

Wada, S., Nishimoto, Y., Miyanishi, M., Kambe, S. & Miller, R.W. (1968)
Mustard gas as a cause of respiratory neoplasia in man. Lancet, i,
1161-1163

Weiss, A. & Weiss, B. (1975) Karzinogenese durch Lost-Exposition beim
Menschen, ein wichtiger Hinweis fiur die alkylantien-Therapie.
Dtsch. med. Wschr., 100, 919-923

Yamada, A. (1963) On the late injuries following occupational inhalation
of mustard gas, with special reference to carcinama of the respiratory
tract. Acta path. jap., 13, 131-155

Yamada, A., Hirose, F. & Miyanishi, M. (1953) An autopsy case of bronchial
carcinoma found in a patient succumbed to occupational mustard gas
poisoning. Gann, 44, 216-219

Yamada, A., Hirose, F., Nagai, M. & Nakamura, T. (1957) Five cases of cancer

of the larynx found in persons who suffered from occupational mustard
gas poisoning. Gann, 48, 366-368

192



NITROGEN MUSTARD (HYDROCHLORIDE)

1. Chemical and Physical Data

Nitrogen mustard

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.:  51-75-2
Chem. Abstr. Name: 2-Chloro-N- (2-chloroethyl) -N-methylethanamine

N,N'-Bis (2-chloroethyl)-N-methylamine; N,N-bis (2-chloroethyl)methyl-
amine; bis (2-chloroethyl)methylamine; bis (B-chloroethyl) methylamine;
chloramine*t; chlommethine; cloramin; B,8'-dichlorodiethyl-#-
nethylamine; di (2-chloroethyl)methylamine; 2,2'~dichloro-N-methyl-
diethylamine; HN2*; MBA; mechlorethamine*; N-methyl-bis (2-chloro—
ethyl)amine; MN-methyl-bis(B-chloroethyl)amine; methylbis (B-chloro-
ethyl)amine; methylbis (chloroethylamine); ~N-methyl-2,2'-dichloro~
diethylamine; methyldi (2-chloroethyl)amine

Caryolysin*; Embichin*; Mustargen*; Mustine*; Mutagen*;
Nitrogen mustard*y

*This name is also used for the hydrochloride salt of nitrogen mustard.

tThe term 'chloramine' or 'chloroamine' is used broadly to include all
campounds, both inorganic and organic, containing one or more chlorine
atoms attached to nitrogen. Specifically, 'chloramine' is used for the
campound Cl and for toluene-para-sulphonsodichlorcamide trihydrate
(synonyms: “Chloramine T, Chloraminum).

YThis name has been used for other amines closely related to nitrogen
mustard, e.g., tris(2-chloroethyl)amine, N(CH CHZCl) , also known as HN3;
trichlormethine; 2,2'2"-trichlorotriethylamifie;“ an tris(B-chloroethyl) -

amine.
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1.2

1.3

1.4

Chemical formula and molecular weight

CH2 . CHZCl

H.C - N CSHllClZN Mol. wt: 156.1

CH2 . CHzCl

Chemical and physical properties of the pure substance

(a) Description: Liquid; faint fishy odour

(b) Melting-point: -60°C

(¢) Boiling-point: 87°C at 18 mm Hg; 75°C at 10 mm Hg; 64°C at

5 mm Hg
. 25
(51_) Density: d 4 1.118

() Identity test: Forms crystalline picrate (m.p., 132.7°¢)

(£) Solubility: Very slightly soluble in water; miscible with
dimethyl formamide, carbon disulphide, carbon tetrachloride and
many other organic solvents and oils

(g) Volatility: Saturated air contains 3.6 mg/l at 25°C.

(h) Stability: Undiluted liquid decomposes slowly on standing and
forms polymeric quaternary ammonium salts which are insoluble in
the free base; reacts rapidly with water

Technical products and impurities

Nitrogen mustard (HI\12) is not produced commercially.

Nitrogen mustard hydrochloride

l.l
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Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 55-86-7

Chem. Abstr. Name: 2-Chloro-N-(2-chloroethyl)-V-methylethanamine
hydrochloride

Azotoperite; N,N-bis(2-chloroethyl)methylamine hydrochloride;



bis (2-chloroethyl)methylamine hydrochloride; chloramin; chloramine*t;
chlorethamine; chlorethazine; B8,R' -dichlorodiethyl-N-methylamine
hydrochloride; di (2-chloroethyl)methylamine hydrochloride; di (chloro-
ethyl)methylamine hydrochloride; 2,2 '-dichloro-N-methyl-diethylamine
hydrochloride; dimitan; HN2*; HN2 hydrochloride; MBA hydrochloride;
mechlorethamine*; mechlorethamine hydrochloride; N-methylbis (2-chloro-
ethyl)amine hydrochloride; methylbis (2-chloroethyl)amine hydrochloride;
V-methylbis (B-chloroethyl) amine hydrochloride; methylbis (8—chloro-
ethyl)amine hydrochloride; N-methyl-2,2'-dichlorodiethylamine hydro-
chloride; methyldi (2-chloroethyl)amine hydrochloride; methyldi (B-
chloroethyl)amine hydrochloride; N-Lost; NSC-762 hydrochloride
Caryolysine*; Dichloren; Embichin*; Embikhine; Frasol; Mebichlor—
amine; Mitoxine; Mustargen*; Mustargen hydrochloride; Mustine*;
Mustine Hydrochlor; Mustine hydrochloride; Mutagen*; Nitrogen
mustard*; Nitrogranulogen

1.2 Chemical formula and molecular weight

CH,.CH,C1l

/ 2 2
H3C - N . HC1 C5H12C13N Mol. wt: 192.5

CH2 . CHZCl

1.3 Chemical and physical properties of the pure substance

(a) Description: White, hygroscopic crystals

(b) Melting-point: 109-111°C

*This name is also used for nitrogen mustard; the word 'hydrochloride’
is frequently omitted when the hydrochloride salt is meant.

tThe term 'chloramine' or 'chloroamine' is used broadly to include all
compounds, both inorganic and organic, containing one or more chlorine
atams attached to nitrogen. Specifically, 'chloramine' is used for the
campound NH,CL and for toluene-para-sulphonsodichloroamide trihydrate
(synonyms: “Chloramine T, Chloraminum).
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(c) Identity test: As given in the British Pharmacopoeia (British
Pharmacopoeia Camnission, 1973)

(d) Solubility: Soluble in water (1 g/100 ml) and in ethanol

(e) Stability: Dry crystals are stable; unstable in aqueous

solution

1.4 Technical products and impurities

Nitrogen mustard (HNz) hydrochloride is available in the US and Europe
in powder form for intravenous injection. The powder is packaged in
ampoules containing 3 or 10 mg of the active ingredient and 90 mg of sodium
chloride, to be administered after solution in sterile water (Blacow, 1967;
Calabresi & Parks, 1970; Dictionnaire Vidal, 1975; Pullan, 1968-69;
Steinbock et al., 1969). HN, hydrochloride for injection contains 100+10%
of the labelled amount of active ingredient (US Phammacopeial Convention,
Inc., 1970), and the material used to formulate the injections contains
99+1.5% of the compound on an anhydrous basis.

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

Nitrogen mustard

2.1 Production and use

HN, can be prepared by treating N-methyldiethanolamine with thianyl
chloride followed by treatment with caustic soda to release the free amine
(Prelog & Stepan, 1935). It is not manufactured in commercial quantities
in the US or Japan, and no evidence was found that this chemical is imported
by either country. There is one producer in the UK (Chemical Information
Services, Ltd, 1975).

HI\12 was produced in the past for use as a vesicant in chemical warfare.
Although no military use was made of the chemical, stockpiles may have
existed in the US as recently as 1974 (anon., 1974).

It has been used as a chemical intermediate, e.g., the hydrochloride
of the amine oxide produced from it is reported to be useful as an anti-
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neoplastic agent, but no indication was found that this amine oxide is
produced in the US. The only known commercial derivative of HN, is its
hydrochloride, which has been used in limited quantities as an antineo-

plastic agent.

Laboratory experiments have been conducted with HN2 for use as a
cross-linking agent in textiles (Roberts & Rowland, 1970; Rowland et al. ’
1970). 1In the USSR it has been tested for use in sizing agents for cotton
yarn, in grease for metal cutting, as a fungicide and as an antiviral
aerosol disinfectant (Kremnev, 1971; Mandich, 1970; Osmanov, 1968;

Slobodenyuk & Karpukhin, 1970).
2.2 Occurrence

I-]N2 is not known to occur in nature.

Nitrogen mustard hydrochloride

2.1 Production and use

HN2 hydrochloride can be prepared by treating N-methyldiethanolamine
with thionyl chloride (Prelog & Stepan, 1935). It has been manufactured
by one campany in the US since 1950, and, according to industry sources,
1.5 kg of the chemical were manufactured and sold in 1974 in the US. HIN2
hydroch;oride is also produced in the UK.

This chemical is used in human medicine as an antineoplastic agent,
either alone, or in combination with other chemotherapeutic agents, in the
treatment of neoplastic diseases, including Hodgkin's disease, leukaemia,
generalized lymphosarcoma, mycosis fungoides and bronchogenic carcinama.

It is also used in controlling pleural, peritoneal or pericardial effusions
due to metastatic tumours (Kastrup, 1974). The drug is administered by
i.v. injection in a single total dose of 0.4 mg/kg bw or in 2 or 4 daily
doses of 0.1-0.2 mg/kg bw (Merck et al., 1974).

Clinical trials have been conducted to assess its usefulness as an
immunosuppressant in the treatment of rheumatoid arthritis (McCarty &
McLaughlin, 1968), in the treatment of a variety of other non-malignant
diseases (Skinner & Schwartz, 1972) and in tissue transplantation studies
(Russell & Monaco, 1964).
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In veterinary medicine HN2 hydrochloride is reported to be used for
the treatment of lymphosarcoma and of mast-cell sarcoma in dogs and of
fowl leukosis (Stecher, 1968).

Its use as a chemosterilant (Flint et al., 1968; LaChance et al.,
1969) and as a cross-linking agent in the manufacture of ion-exchange
fibres (Rulison, 1968) have also been investigated.

2.2 Occurrence

HN,, hydrochloride is not known to occur in nature.

Nitrogen mustard and nitrogen mustard hydrochloride

2.3 Analxsis

Free HN2 or its hydrochloride can be determined colorimetrically by
reaction with 4~ (4'-nitrobenzyl)pyridine (Friedman & Boger, 1961; Obrecht
et al., 1964; Tan & Cole, 1965; Truhaut et al., 1963). Determinations
of HN, hydrochloride have been made using paper and thin-layer chromato-
graphic methods (Sakurai & Ito, 1960; Walthier & Jeney, 1968); a fluoro-
metric method for its determination in bioclogical materials, with a sensi-
tivity of 0.02 ug/ml (Mellet & Woods, 1960), and titrimetric methods
(British Pharmacopoeia Commission, 1973) have also been described.

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

3.1 Carcinogenicity and related studies in animals

(a) Skin application

Mouse:  Skin application of HN2 hydrochloride in water to "white"
mice did not induce skin tumours (Narpozzi, 1953).

(b) Subcutaneous and/or intramuscular administration

Mouse: A group of 20 stock mice was given weekly s.c. injections of
1 mg/kg bw HN2 hydrochloride for 50 weeks. Of a total of 10 mice surviving
284-580 days, 6 had tumours: 3 lung carcinomas, 1 lung adencma, 1 lympho—

sarcama in the liver and 1 uterine fibromyoma. Tumours (6 lung adenomas
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and 2 hepatomas) occurred in 8/40 untreated controls killed between 420-540
days of age (Boyland & Horning, 1949). [P<0.05].

Tumours at the site of injection (sarcomas, skin papillomas and
squamous-cell carcinomas) developed in 3/15 C3H mice of both sexes, in 5/21
male C3H mice and in 3/37 male C3Hf mice given 8 weekly s.c. injecticns of
0.025 mg EN2 hydrochloride in water. No skin tumours appeared in 14 C3H
mice of both sexes, in 21 male C3H or in 39 male C3Hf non-treated control
mice (P<0.001). The incidences of pulmonary tumours in test groups versus
those in control groups were 5/15 versus 3/14 for C3H mice of both sexes,
8/21 versus 5/21 for male C3H mice and 21/37 versus 6/39 for male C3Hf
mice. The 47% incidence of pulmonary tumours in treated mice was signifi-
cantly greater than the 19% incidence in the combined controls (P<0.001).
No difference between test and control mice was seen in respect of other
remote tumours (Heston, 1953).

(¢) Intraperitoneal administration

Mouse: Four groups of 60 A/J mice of both sexes, 4-6 weeks old,
received 12 i.p. injections of HN2 hydrochloride in water during 4 weeks
(total doses, 3.85, 212, 866 and 3369 ug/kg bw). The nurbers of mice
surviving the 39 weeks of the experiment were 47, 53, 51 and 38 in the four
groups; a dose-related increase in the number of lung tumours was observed.
The incidences of lung tumours in the four groups were 30%, 40%, 69% and
95%, with 0.3, 0.6, 1.2 and 2.8 lung tumours per mouse. A smaller increase
in the number of lung tumours was seen in four groups of 30 A/J mice given
total doses by i.p. injection in tricaprylin of 46, 206, 828 and 3311 ug/
kg bw HN2 hydrochloride. The numbers of mice surviving 39 weeks were 26,
28, 28 and 30, and 46%, 50%, 29% and 63% developed lung tumours, with 0.8,
0.6, 0.4 and 1.0 lung tumours per mouse. The lung tumour incidences were
37% (0.48 tumours/mouse) and 27% (0.29) in 157 male and 182 female control
mice given 12 i.p. injections of water and 36% (0.47) and 32% (0.42) in 55
male and 53 female control mice given a similar number of injections of
tricaprylin alone and killed at 39 weeks. An increased incidence of tumours
at other sites was not apparent. In the same experiment the potency of HN2
hydrochloride was reported to be about one-third that of uracil mustard on
a molar basis (Shimkin et al., 1966). This study confirms previous results

obtained by Duhig (1965).
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(Q) Intravenous administration

Mouse: A group of 37 male and female A mice, 2-3 months old, received
2-4 i.v. injections of 1 mg/kg lw HN2 hydrochloride in 0.01 ml distilled
water at 2-day intervals; 38 controls received distilled water alone.
After 16 weeks, 29/29 test mice examined had developed lung tumours (3.5
tumours/mouse) , compared with 4/30 controls (0.17 tumours/mouse) (Heston,
1949).

Further work by Heston (1950) revealed a lung tumour incidence of 100%
(9.6 tumours/mouse) in another group of 20 A mice which received 4 similar
injections of HN2 hydrochloride (total dose, 0.1 mg) and were allowed to
live for 10 months; the incidence was 62% in 32 controls (0.81 tumours/
mouse). After a single injection of 0.4 mg/kg bw HN2 hydrochloride, all 9
survivors at 10 months showed lung tumours (7.5 tumours/mouse); lung

tumours occurred in 18/31 controls (0.94 tumours/mouse).

In 104 female RF mice, 10 weeks old, injected intravenously with 4
doses of 2.4 mg/kg bw HN2 as a 0.1% solution in saline at 2-week intervals,
with observation up to 2 years, increased incidences of thymic lymphomas
(21% versus 10% in 112 controls [P<0.05]) and pulmonary adenomas (68% versus
15% in controls [P<0.001]) were observed. The average ages at death were
490 days in treated mice and 632 days in controls (Conklin et al., 1965).

Rat: A group of 48 male BR46 rats, 100 days old, received 52 weekly
i.v. injections of 0.1l mg/kg bw HN2 hydrochloride (total dose, 5.72 mg/
kg bw). Of the rats surviving at the appearance of the first tumour, 7/27
(26%) developed malignant tumours and 5/27 (18%) developed benign tumours,
campared with 4/65 (6%) and 3/65 (5%) controls. The average observation
time of the tumours was 16 months in treated rats and 23 months in controls.
The malignant tumours occurring in treated rats were 1 lymphatic and 1
myeloid leukaemia, 1 reticulum-cell sarcoma, 1 liposarcoma, 1 adenocarcincma
of the large intestine, 1 sarcoma of the meninges and 1 haemangioendotheli-
oma of the salivary gland. In controls 3 mammary sarcomas and 1 malignant
phaechromocytoma, 2 thymomas and 1 mammary fibroma were observed (Schmahl
& Osswald, 1970). [P<0.05].
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(e) Other experimental systems

Foetal lung tissue from BALB/c mice was exposed to HN2 hydrochloride
at concentrations of 1:5x10“-1:5x10° Ringer's solution for 15-60 minutes
and then implanted as a suspension into the thigh muscles of young adult
mice of the same strain. The implants were examined 10 weeks to 6 months
later and scme were found to contain typical pulmonary adenomas. No ade—
nomas appeared in lung tissue implants not previously exposed to HN2 hydro-
chloride (Rogers, 1955).

3.2 Other relevant biological data

The LD of HN2 in mice and rats by s.c. and i.v. injection is about
1-4 mg/kg bw The oral LDSO in mice is 10-20 mg/kg bw, depending upon
whether the animals receive food prior to dosing or not (Anslow et al.,
1947; Boyland, 1946). The i.v. ID of HN2 hydrochloride in rats is

50
1.1 mg/kg bw (Stecher, 1968).

An i.v. dose of 3 mg/kg bw HN2 administered to dogs rapidly disappeared
from the blood: 0.01% was found in the urine » and low levels were found in
the tissues, the highest concentration being in the bone marrow. A 90%
breakdown of HN2 occurred within 4 minutes of incubation with whole blood
(Mellet & Woods, 1960). Ishidate (1959) also demonstrated the alnost
immediate disappearance of “CH3-labelled HN2 from the blood of dogs given
0.5 mg/kg intravenously over 5 seconds or 60 minutes, and a low urinary
excretion of HN2. Mice given 35 mg/kg bw HN2 hydrochloride intravenously
and examined by autoradiography had significant levels of the compound in
brain, spinal cord, lungs and submaxillary glands (Tubaro & Bulgini, 1968).
In rats, 16% of an injected dose of HN2 was found present in the spleen,
lungs, kidneys, liver and blood, and 17% was excreted in the urine (Obrecht
et al., 1964).

Following its in vivo administration, HN2 or its hydrochloride is
probably converted into an ethyleneimmonium ion which reacts with the guanine
residues in adjacent strands of DNA as well as with SH groups (Boyland, 1946;
Verly, 1964).

HN2 is embryotoxic in rats when given by i.v. injection on the 4th day
of pregnancy (Brock & Kreybig, 1964); it also causes foetal abnormalities
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in rats (Murphy et al., 1958). When injected intradermally into coloured
mice, HN2 causes local greying of hair (Boyland & Sargent, 1951).

HNZ induces point mutations in Fscherichia coli B/ML2 (Bryson, 1948)
and in conidia of strain 5256A of Newrospora crassa (McElroy et al., 1947)
and causes chromosame aberrations in a variety of plants and mammals
(see Loveless, 1966). Inductions by HN2 of dominant lethal mutations in
ICR/Ha Swiss mice (Epstein et al., 1972) and of IUdR-resistant variants in
P388 mouse lymphoma cells (Anderson & Fox, 1974) have been reported.

HN2 hydrochloride produces the same mutagenic effects as HN2: it
induces reverse mutations in Adspergillus nidulans (Kovalenko et al., 1969)
and in Fscherichia coli Sd-4-73 (Iyer & Szybalski, 1958) and visible
recessive mutations and inherited semi-sterility in CBA mice (Falconer et
al., 1952).

Sokal & Lessmann (1960) reported on four women with Hodgkin's disease
who were treated with HN2 during the first and third (1 case) or second
and third (3 cases) trimesters of pregnancy. No abnormalities were recorded
in the offspring at 2 months, 81, 73 and 9% vears.

3.3 Observations in man

No data were available to the Working Group. However, see also
mustard gas, p. 181.

4. Camments on Data Reported and Evaluation!

4.1 Animal data

Nitrogen mustard, administered mainly as the hydrochloride, is carcino-
genic in mice and rats. Following its subcutaneous, intraperitoneal or
intravenous injection, it produced an increased incidence of lung tumours
and thymic lymphomas in mice; it produced a variety of malignant tumours

in rats following its intravenous injection.

'See also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volume, p. 15.
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4.2 Human data

No case reports or epidemiological studies referring to exposures to
nitrogen mustard alone were available to the Working Group.
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NITROGEN MUSTARD N-OXIDE (HYDROCHLORIDE)

1. Chemical and Physical Data

Nitrogen mustard N-oxide

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.:  126-85-2
Chem. Abstr. Name:  2-Chloro-N-(2-chloroethyl)-V-methylethanamine—
N-oxide

2,2'-Dichloro-N-methyldiethylamine-N-oxide; HN2 oxide mustard; MBAO;
mechlorethamine oxide; methylbis (8-chloroethyl) amine~V-oxide;
nitrogen mustard amine oxide; nitrogen mustard oxide*; nitrogen
mustard V-oxide*; NMO; oxy-NH2

1.2 Chemical formula and molecular weight

0] CHZ.CH Cl

2
T/
H.C - N CgH, ;CL,NO Mol, wt: 172

CH2 . CHzCl

1.3 Chemical and physical properties of the pure substance

(@) Solubility: Soluble in water; sparingly soluble in benzene
and ether

(b) Stability: 1In the presence of heavy metal ions it may decompose
to formaldehyde and secondary amines. - In alkaline solutions (pH 8)
it decomposes rapidly, with liberation of chloride.

1.4 Technical products and impurities

Nitrogen mustard (HN2) N-oxide is not produced cammercially.

*This name is frequently used when the hydrochloride salt is meant.
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Nitrogen mustard N-oxide hydrochloride

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.:  302-70-5

Chem. Abstr. Name: 2-Chloro—V-(2-chloroethyl)-N-methylethanamine-

N-oxide hydrochloride

2,2"'-Dichloro-N-methyldiethylamine N-oxide hydrochloride; mechlor-
ethamine oxide hydrochloride; methylbis (2—-chloroethyl)amine N-oxide
hydrochloride; methylbis(f-chloroethyl)amine NV-oxide hydrochloride;

N-methylbis(B~chloroethyl) amine N-oxide hydrochloride; N-methyl-

2,2'-dichlorodiethylamine N-oxide hydrochloride; methyldi (2-chloro-
ethyl)amine N-oxide hydrochloride; nitrogen mustard oxide*; nitrogen

mustard V-oxide*; nitrogen mustard N-oxide hydrochloride; N-Oxyd-
Iost; NSC-10107; SK~598

Mitomen; Mustron; Nitromin; Nitromin hydrochloride

1.2 Chemical formula and molecular weight

,(])\/CHZ . CH2Cl

H3C - N . HC1 C5H12C13NO Mol. wt: 208.5

CH2 . CHZCl

1.3 Chemical and physical properties of the pure substance

(a) Description: Colourless, odourless crystals

(b) Melting-point: 109-110°C

(¢) Solubility: Freely soluble in water and ethanol; slightly
soluble in benzene and ether

(d) Stability: Hydrolyses in alkaline solution (pH 8), much more
slowly than does the free base

*This name is also used for the free base.
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(e) Reactivity: Forms picrate (m.p., 122-124°C) ; readily reduced,
€.g., releases iodine from potassium iodide

1.4 Technical products and impurities

Nitrogen mustard (HN2) N-oxide hydrochloride is available in Austria
and Japan in the form of tablets containing 5 mg active ingredient and in
ampoules for intravenous injection containing 25 and 50 ng (JAPTA, 1973;
Steinbock et al., 1969).

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

Nitrogen mustard N-oxide

2.1 Production and use

HN2 N-oxide can be prepared by treating 2,2 '-dichloro-N-methyldiethyl-
amine with hydrogen peroxide and acetic anhydride (Sakurai & Izumi, 1953).
Although it is believed to have been tested experimentally as an anti-
neoplastic agent, this chemical is not manufactured or imported in commer-
cial quantities in the US or Europe.

The only commercial use for HN2 N-oxide is believed to be as a chemi-
cal intermediate in the manufacture of HN2 N-oxide hydrochloride, which is
marketed in Burope and Japan as an antineoplastic agent (JAPTA, 1973;
Steinbock et al., 1969).

2.2 QOccurrence
HN2 N-oxide is not known to occur in nature.

Nitrogen mustard N-oxide hydrochloride

2.1 Production and use

HN2 N-oxide hydrochloride can be prepared by treating 2,2'-dichloro-i-
methyldiethylamine with hydrogen peroxide and acetic anhydride followed by
hydrochloric acid (Aiko et al., 1952).

In the US, HN2 V-oxide hydrochloride has never been produced or
marketed as a commercial product; however, it has been tested for use as an
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antineoplastic agent (Bratzel et al., 1963) and as an insect chemosterilant
(Crystal, 1963; Gouck & LaBrecque, 1964). This chemical was produced in
/the Federal Republic of Germany and was used as an antineoplastic agent to
be administered intravenously (Steinbock et al., 1969).

In Japan HN2 N-oxide hydrochloride has been used in human medicine as
an antineoplastic agent for the treatment of lymphamas and oat-cell carci-
nomas of the lung. It is administered orally in doses of 0.5 mg/kg bw
daily for 5-12 days or intravenously in doses of 0.5-2 mg/kg bw daily
(Brulé et al., 1973; JAPTA, 1973). Studies on the immunosuppressive
effects of this chemical in the treatment of such diseases as nephrotic
syndrome and in skin grafting have been made in that country (Nakao &
Umetsu, 1967; Shimizu, 1971).

2.2 Occurrence

HN2 N-oxide hydrochloride is not known to occur in nature.

2.3 BAnalysis

Large amounts (2-10 mg) of HN2 N-oxide hydrochloride can be determined
using titrimetric methods after reaction with potassium iodide; smaller
amounts (0.01-0.06 mg) were measured colorimetrically after reaction with
potassium iodide (Said et al., 1961). A chromatographic separation tech-
nique has been described (Aiko et al., 1952).

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

3.1 Carcinogenicity and related studies in animals

(a) Skin application

Mouse: Three groups, 6 female C3H/He mice, 13 Al mice of both sexes
and 25 ddCF2 mice of both sexes, 8-10 weeks of age, were given daily skin
applications of 0.05 ml of a 1% solution of HN2 N-oxide (probably as the

hydrochloride) in acetone on 6 days per week for 17-20 weeks. Of 37 mice
surviving longer than 21 weeks, 9 developed tumours between 33-74 weeks
after the start of the experiment. No tumours were found in a total of 46
control mice surviving longer than 21 weeks (Matsuyama et al., 1966).
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[Since the maximum survival of controls was not reported and the numbers
of both control and treated animals are small, this study cannot be
evaluated. ]

(b) Subcutaneous and/or intramuscular administration

Mouse:  Four weekly s.c. doses of 650 mg/kg bw (50% of the minimum

lethal dose) of a 3% solution of HN2 N-oxide hydrochloride in saline were
given to male and female dd/I suckling mice, 7 days old. Thymic lymphamas
were observed in 27/47 and lung adenomas in 20/47 treated mice surviving

80 or more days. Lung carcinomas and Harderian gland adenomas also occurred
in 8/38 and 6/38 mice surviving after 180 days. Other tumours occurring

in treated mice, but not in saline-treated controls, that survived 180 or
more days included 2 liver tumours, 2 ovarian tumours, 1 haemangioma of the
duodenum and 1 forestomach papilloma. In 69 saline-treated controls sur—
viving 80-450 days, 15 mice died with lung adencmas. The average survival
time in treated mice was 260 days (Matsuyama et al., 1969).

(c) Intravenous administration

Rat: A group of 55 male BR46 rats, 60-70 days old, received weekly
i.v. injections of 4.2 mg/kg bw HN2 N-oxide hydrochloride for 52 weeks
(total dose, 218 mg/kg bw). Of 44 rats surviving at the appearance of the
first tumour, 12 (27%) developed malignant tumours and 2 (4%), benign
tumours, compared with 4/65 (6%3) and 3/65 (5%) controls, respectively.
The average observation time of the tumours was 16 months in treated animals
and 23 months in controls. In treated rats, 3 sarcomas in the abdominal
cavity, 7 reticular-cell tumours, 1 osteosarccma and 1 angiosarcoma in the
muscle were observed. Malignant tumours in controls included 3 manmary
sarcomas and 1 phaeochrcmocytoma (Schmahl & Osswald, 1970). [P<0.01].

(d) Other experimental systems

Three groups, 51 dt mice, 47 ddN mice and 29 ddN mice, received twice
weekly injections of 5 or 10 mg/kg bw or weekly injections of 20 mg/kg bw
HN2 F-oxide hydrochloride in saline for 15 weeks, respectively. The injec-
tions were given by the i.p., i.v. or s.c. route in all groups. Twenty ddN
mice served as controls and were not injected. The numbers of tumours
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occurring in treated animals surviving 26-80 weeks within each group were
15/21 (71%), 9/28 (32%) and 4/16 (25%), compared with 0/16 controls.
Tumours in treated animals were mainly lymphomas, fibrosarcomas and pul-
monary adenomas; 1 haemangioma of the liver and 1 adenoma of the para-
thyroid gland were also observed (Tokucka, 1960).

3.2 Other relevant biological data

The i.v. IDSO in rats is 60 mg/kg bw (Schmahl & Osswald, 1970).

After i.v. injection of 5 mg/kg bw 1'*C--CH3-HNZ V-oxide in dogs,
virtually no activity was found in the blood after one hour. In the urine,
the highest level of radioactivity was found between 5 and 20 minutes after
the injection and had declined to zero after 4 hours (Ishidate, 1959).

HN2 N-oxide hydrochloride induces chromatid aberrations in Ehrlich-
ascites tumour cells grown in mouse peritoneum (Rieger et al., 1969), point
mutations in bacteria (Iyer & Szybalski, 1958; Szybalski, 1958) and dami-
nant lethal mutations in mice (Ehling, 1974).

3.3 Observations in man

No data were available to the Working Group.

4. Camments on Data Reported and Evaluation!

4.1 Animal data

Nitrogen mustard N-oxide hydrochloride is carcinogenic in mice and
rats. Following its subcutaneous injection in mice, it produced lung
tumours, thymic lymphamas and Harderian gland adencmas; following its
intravenous injection in rats it produced mainly lymphoreticular tumours

and sarcomas.
4.2 Human data

No case reports or epidemiological studies were available to the

Working Group.

lsee also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volume, p. 15.
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OESTRADIOL MUSTARD

l. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 22966-79-6

Chem. Abstr. Name: Estra-1,3,5(10)-triene-3,178-diol,bis ({para-[bis-
(2-chloroethyl)amino]phenyl }acetate)

Bis ({4-[bis (2-chloroethyl) amino Jbenzene }acetate) estra~1, 3,5 (10) ~triene-
3,17-diol (178); bis({4-[bis (2-chloroethyl)amino]benzene}lacetate)oestra—
1,3,5(10)-triene~3,17-diol (178); bis ({para[bis (2-chloroethyl)amino]-
phenyllacetate)estradiol; bis{ (para[bis (2-chloroethyl)aminoJphenyl }-
acetate)estra-1,3,5(10) -triene-3,178-diol; bis ({paralbis (2-chloroethyl)-
amino]phenyl }acetate)cestradiol; bis ({para[bis (2-chloroethyl)amino]-
phenyl }acetate)oestra-1,3,5(10) -triene-3,178~-diol; NSC 112259

1.2 Chemical formula and molecular weight

o
o, _N/CHTCH2CI
CICHy.CH, Q
CICHy.CHY
C,,He,C1,N.0 Mol. wt: 788.7

427507747274

1.3 Chemical and physical properties of the pure substance

(a) Melting-point: 40-65°C (freeze—dried)

(b) Spectroscopy data: Amax 261 nm (in ethanol)

(c) Solubility: Insoluble in water; soluble in dimethyl sulphoxide
and N,V-dimethylformamide, but addition of water causes precipi-
tation; soluble in benzene, chlorofomm, ethyl acetate and
2-methoxyethanol
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(d) Stabilitz: Solutions in chloroform, benzene, ethyl acetate and
2-methoxyethanol showed no change in 24 hours.

1.4 Technical products and impurities

Oestradiol mustard is not produced camnercially.

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

2.1 Production and use

Oestradiol mustard can be prepared by treating ethyl para-aminophenyl-
acetate with ethylene oxide and ethyl alcohol to yield ethyl para-[N,N-bis~
(2-hydroxyethyl) aminolphenylacetate. This is then chlorinated with phosphorous
oxychloride and hydrolysed to give para—[N,N-bis (2-chloroethyl)amino]lphenyl-
acetic acid. Treatment of this acid with thionyl chloride yields the hydro-
chloride of para-[N,N-bis(2-chloroethyl)amino]phenylacetic acid chloride,
which, when treated with oestradiol, yields oestradiol mustard (Wall et al.,
1969).

Oestradiol mustard is not manufactured in commercial quantitites in
the US, Europe or Japan. However, both laboratory and clinical studies have
been conducted on its use as an antineoplastic agent. Because both oestrogens
and alkylating agents are believed to produce regressions in mammary tumours
when used separately, trial use of this chemical, which cambines both steroid
and mustard moieties, was favoured for advanced breast cancer (Everson et
al., 1973; Vollwer et al., 1973).

2.2 Occurrence
Qestradiol mustard is not known to occur in nature.
2.3 Analzsis

Thin-layer chramatography and ultraviolet spectrophotometry may be used
for determination of the pure compound (Vollmer et al., 1973).
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3. Biological Data Relevant to the Evaluation

3.1 Carcinogenicity and related studies in animals

Intraperitoneal administration

Mouse: Male and female A/He mice, 6-8 weeks old, received 8 or 12 i.p.

injections of ocestradiol mustard in tricaprylin at three dose levels (total
doses, 1.6, 1.2 and 0.48 g/kg bw). Two series of controls were maintained:
untreated mice killed at the same time as the treated animals, and controls
which received the vehicle alone. The experiments were terminated 24 weeks
after the first injeciton, and the numbers of treated mice surviving were
19/20, 19/20 and 15/20 at the three dose levels, respectively. Iung tumours
developed in 19/19, 19/19 and 11/15 mice, with 5, 3.6 and 2.8 lung tumours
per mouse. Of 77 males and 77 females injected with tricaprylin alone and
surviving 24 weeks, 28% males and 20% females developed lung tumours, with
0.24 and 0.2 lung tumours per mouse. In the same experiment oestradiol
mustard was reported to be about 25 times less potent than uracil mustard
on a molar basis (Stoner et al., 1973).

3.2 Other relevant biological data

Daily doses of 20-80 mg/kg bw oestradiol mustard given to dogs for
14 days produced vamiting, lymphopaenia and reversible anaemia at lower doses,
and,in addition to these symptoms, convulsions, death and neutropaenia at the
highest dose. Female dogs showed signs of ocestrus and endametrial hyperplasia;
degenerative changes in spermatogenic cells and squamous metaplasia of the
prostate were observed in males (Schaeppi et al., 1973).

Oestradiol mustard inhibited the specific binding of *H-oestradiol-178
to uterine cytosol receptors; the alkylating moiety, phenester*, was without
effect. Sucrose gradient analysis indicated that oestradiol mustard blocked
the formation of the specific 8S * H-oestradiol-17 B-receptor camplex of
cytoplasm(Everson et al., 1974).

*
{para—-[bis (2-chloroethyl) amino]phenyl}acetic acid, ethyl ester
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3.3 Observations in man

No data were available to the Working Group.

4, Camments on Data Reported and Evaluation!

4.1 Animal data

Oestradiol mustard is carcinogenic in mice following its intraperitoneal
injection, the only species and route tested, producing a dose-related

increase in the incidence of lung tumours.
4.2 Human data

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

! See also the section, "Animal Data in Relation to the Evaluation of
Risk to Man" in the introduction to this volume, p. 15.
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PHENOXYBENZAMINE (HYDROCHIORIDE)

1. Chemical and Physical Data

Phenoxybenzamine

1.1 Synonyms and trade names

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

Chem. Abstr. Name: - (2-Chloroethyl) -N- (1-methyl-2-phenaxyethyl) -
benzenemethanamine

- (2-Chloroethyl) -N- (1-methyl-2-phenoxyethyl) benzylamine; dibenylin;
dibenzylene; N-phenoxyisopropyl-N-benzyl-g-chloroethylamine

1.2 Chemical formula and molecular weight

CH,
O.CH,. J:H C1gHppCIN0

> NCH,.CH,CI

@ CH, Mol. wt: 303.8

1.3 Chemical and physical properties of the pure substance

(@) Description: Crystals fram petroleum ether

(b) Melting-point: 38-40°C

(c) Solubility: Soluble in acidified aquecus solutions of propylene
glycol; soluble in benzene, heptane and tricaprylin

1.4 Technical products and impurities

Phenoxybenzamine is not manufactured cammercially.

Phenaxybenzamine hydrochloride

1.1 Synonyms and trade names

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

223



Chem, Abstr, Name: N-(2-Chloroethyl)-N-(l-methyl—-2-phenoxyethyl)-
benzenemethanamine hydrochloride

2- (N-Benzyl-2—chloroethylamino) —1-phenoxypropane hydrochloride;
benzyl (2-chloroethyl) (1-methyl-2-phenoxyethyl)amine hydrochloride;
N=-(2-chloroethyl) -N- (1-methyl-2-phenoxyethyl)benzylamine hydrochloride

Bensylyt NEN; Blocadren; Dibenyline; Dibenzyline; Phenoxybenzamin

1.2 Chemical formula and molecular weight

@O.CHZ. én\s
v

CH,

N—CH,.CH,Cl .HCI

C18H22C1NO.HC1 Mol. wt: 340.3

1.3 Chemical and physical properties of the pure substance

(a) Description: A white, odourless, almost tasteless crystalline
powder
(b) Melting-point: 137.5-140°C

. 1= . 1.
(c) Spectroscopy data: Amax 272 nm, E_1 56.3; Amax 279 rm, E1 46.1

(d) Solubility: Sparingly soluble in water; soluble in 9 parts ethanol
and in 9 parts chloroform; soluble in 50:50 ethanol:propylene
glycol

(e) Stability: Solutions in 50:50 ethanol:propylene glycol are stable
when stored below 25°C.

1.4 Technical products and impurities

Phenoxybenzamine hydrochloride is available in capsules containing 10 mg
active ingredient (Blacow, 1967; Bundesverbrand der pharmazeutischen Industrie,
1969; Pullam, 1968-69; Smith Kline & French Iaboratories, 1974).
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2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

Phenoxybenzamine

2.1 Production and use

Phenoxybenzamine can be prepared by treating 2-phenoxy-l-methyl ethanol
with thionyl chloride to yield 2-phenoxy-l-methyl-l-chloroethane. This
product is then treated with ethanolamine followed by benzyl chloride to
produce the N-benzyl derivative. Subsequent treatment with thionyl chloride
yields phenoxybenzamine hydrochloride, which can be neutralized to produce
phenoxybenzamine (Kerwin & Ullyot, 1954).

2.2 QOccurrence
Phenoxybenzamine is not known to occur in nature.

Phenoxybenzamine hydrochloride

2.1 Production and use

Phenoxybenzamine hydrochloride can be prepared by the same method
described for phenoxybenzamine. Although it has been produced and marketed
by one campany in the US since 1953, data on the quantity produced are not
reported; it is estimated that sales of phenoxybenzamine hydrochloride in
1973 amounted to approximately 25 kg. It is believed that scme of the
production was exported to Europe.

This chemical has been used in human medicine as a long-acting adrenergic
blocking agent: it is reported to increase peripheral blood flow, raise skin
temperature, relieve causalgic pain and lower blood pressure. It has been
used to control episodes of hypertension and sweating in phasochramocytama
and in the treatment of peripheral vascular disorders such as Raynaud's
syndrame, acrocyanosis, causalgia, chronic ulceration of the extremities,
frostbite sequelae and diabetic gangrene. It has been classified by the
US Food and Drug Administration as effective for the treatment of phaeo-
chramocytama and possibly for peripheral vascular disorders. It is adminis-
tered orally, in initial doses of 10 mg daily, increasing to 20-60 mg/day,
depending on the response of the patient (Medical Econamics Campany, 1975).
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2.2 Occurrence
Phenoxybenzamine hydrochloride is not known to occur in nature.
2.3 Analysis

An IR spectrophotometric method for determination of the purity of

phenoxybenzamine hydrochloride samples is given in the British Pharmacopoeia

(British Pharmacopoeia Commission, 1973). Phenoxybenzamine hydrochloride
can be separated by thin-layer chromatography (Masucka et al., 1967).

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

3.1 Carcinogenicity and related studies in animals

Intraperitoneal administration

Mouse: Three groups of 20 A/He mice of both sexes, 6-8 weeks old, were
given 4 i.p. injections of phenoxybenzamine dissolved in tricaprylin for
total doses of 200, 100 and 40 mg/kg bw (injection interval not specified) .
Twenty-four weeks after the first injection the 7, 14 and 20 survivors were
killed, and 3, 9 and 9 had lung adenomas and adenocarcinamas, with averages of
0.71, 0.79 and 0.45 tumours per mouse. In 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). [The
difference in incidence of lung tumours between treated and control mice was
statistically significant at the low (P<0.05) and medium (P<0.0l) dose levels-]
In the same experiment, uracil mustard was 46 times more potent than phenoxy-

benzamine on a molar basis (Stoner et al., 1973).

3.2 Other relevant biological data

The oral LD50 in rats is 2500 mg/kg bw. In dogs, the lowest lethal i.v.
concentration is 10 mg/kg bw. The oral IDSO for guinea-pigs is 500 mg/kg bw
(Barnes & Eltherington, 1965).

An i.v. injection of !“*C-phenoxybenzamine hydrochloride in NMRI mice
remained in blood for 40 minutes. Radioactive material was thereafter found

in brown fat, liver and kidney; other organs (notably the heart and central
nervous system) attained relatively higher activity, which persisted for
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4 days. Four hours after i.v. injection of '*C-phenoxybenzamine hydrochloride,
the bile from two anaesthetized male Sprague-Dawley rats contained 29.3% and
32.8% of the administered radioactivity (Masucka et al., 1967).

3.3 Observations in man

No data were available to the Working Group.

4. Comments on Data Reported and Evaluation!

4.1 Animal data

Phenoxybenzamine is carcinogenic in mice following its intraperitoneal
injection, the only species and route tested, producing an increased incidence

of lung tumours.
4.2 Human data

No case reports or epidemiological studies were available to the Working

Group.

! See also the section, "Animal Data in Relation to Evaluation of Risk
to Man", in the introduction to this volume, p. 15.
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TRICHLOROTRIETHYIAMINE HYDROCHLORIDE

1. Chemical and Physical Data

1.1 Synonyms and trade names

1.2

1.3

Chem. Abstr. Reg. Serial No.: 817-09-4

Chem. Abstr. Name: 2-Chloro-N,N-bis (2-chloroethyl) ethanamine hydro-

chloride

HN3*; HN3 hydrochloride; NSC-30211; R-47; SK-100; tri (B~chloroethyl) -
amine hydrochloride; 2,2' »2"~trichlorotriethylamine hydrochloride;
tr:imustine*; trimustine hydrochloride; tris(2-chloroethyl)amine hydro-
chloride; tris(B-chloroethyl)amine hydrochloride; tris (2—chloroethyl) -
amine monohydrochloride; tris(B-chloroethyl)amine monohydrochloride;
tris-N-lost; TS-160

Lekamin; Sinalost; Trichlormethine; Trillekamin; Trimitan

Chemical formula and molecular weight

CH2 .CH2C1

Cl1CH,.CH,.N HC1 C6H12C13N.HC]_ Mol. wt: 241.0
CHZ.CH2C1

Chemical and physical properties of the pure substance

(@) Description: White powder; the free base is a colourless, oily
liquid which becames yellow or brown on standing,

(b) Melting-point: 131-132.2°C

(g_) Solubilig: Very soluble in water; soluble in ethanol
(d) Volatilii_;z: Volatile at roam temperature
(g) Reactivigz: Forms picrates

(£) Stability: Aqueous solutions deteriorate rapidly.

*
This name is also used for the free base, trichlorotriethylamine.
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1.4 Technical products and impurities

Trichlorotriethylamine hydrochloride is available in FEurope in ampoules
for i.v. injection containing 5 mg active ingredient mixed with 14 mg
citric acid (Bundesverbrand der pharmazeutischen Industrie, 1969).

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,
p. 17.

2.1 Production and use

Trichlorotriethylamine hydrochloride can be prepared by treating
triethanolamine with thionyl chloride (Ward, 1935).

In the Federal Republic of Germany trichlorotriethylamine hydrochloride
is used in human medicine as an antineoplastic agent for the treatment of
neoplastic diseases such as lymphogranulama, lymphosarcoma, giant follicular
lymphama, reticulosarcama, chronic lymphoid leukaemia, mycosis fungoides,
bronchial cancer, Hodgkin's disease, polycythaemia vera and carcinamas of
the lung. It is administered intravenously in doses of 1-5 mg at intervals
of 2-3 days until a total dose of 20-60 mg has been given (Bundesverbrand
der pharmazeutischen Industrie, 1969). Studies of its use as an antineo-

plastic agent have also been conducted in the US (Bratzel et al., 1963).

Trichlorotriethylamine hydrochloride has also been tested for use in
the treatment of arthritis (Vykydal & Klabusay, 1957) and as a fixing agent
in textile dyes (Lister et al., 1962, 1964). The corresponding free base,
trichlorotriethylamine, is a vesicant but has never been used in military
conflict (Witten et al., 1964).

2.2 Occurrence
Trichlorotriethylamine hydrochloride is not known to occur in nature.

2.3 Analysis
A colorimetric method in which 4-(4'-nitrobenzyl)pyridine is used as

analytical reagent was applied to assays of various alkylating agents. This
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chemical may also be determined by thin-layer chromatography (Epstein et
al., 1955; Petering & Van Giessen, 1963; Sawicki & Sawicki, 1969).

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

3.1 Carcinogenicity and related studies in animals

Subcutaneous, intraperitoneal or intravenous administration

Mouse and rat: A total of 230 Swiss mice and albino rats were

injected s.c., i.p. or i.v. with approximately 0.5 mg/kg bw trichlorotri-
ethylamine hydrochloride or methyl-bis (8-chloroethyl)amine hydrochloride.
Some animals received a single dose, while others received injections
weekly for a period of 5-9 months. Fibrosarcomas ; lymphosarcomas and
adenocarcinomas (unspecified) developed in 15-20% of the treated animals,
whereas no tumours developed in control animals given injections of saline.
The tumours usually appeared 4-8 months after administration of the chemi—
cals (Griffin et qgl., 1950). [No further details were reported. ]

3.2 Other relevant biological data

Trichlorotriethylamine hydrochloride is a strong vesicant on skin and
causes conjunctivitis and lung damage. The single i.v. LD50 for trichloro-
triethylamine is 0.7 mg/kg bw for rats and 2.5 mg/kg bw for rabbits; in
the case of cutaneous application it was 7 mg/kg bw for mice, 4.9 mg/kg bw
for rats, 19 mg/kg bw for rabbits and 1.0 mg/kg bw for dogs (Anslow et al.,
1947) . Progressive anaemia, lymphocytopaenia and bone-marrow damage were
found in mice and rabbits following chronic administration of the hydro—
chloride. All coloured mice showed greying of hair (Boyland & Horning,
1949; Friederici, 1955).

Trichlorotriethylamine hydrochloride induces point mutations in auxo-
trophic strains of Schizosaccharomyces pombe (Heslot, 1962) and chramoscme
aberrations in experimental Walker carcinoma cells (Boyland et al., 1948;
Koller, 1969).

3.3 Observations in man

No data were available to the Working Group.
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4., Caments on Data Reported and Evaluation

4,1 Animal data

Although there is an indication in one study that trichlorotriethyl-
amine hydrochloride is carcinogenic in mice and rats, the data are in-

sufficient to allow an evaluation of the carcinogenicity of this chemical.
4,2 Human data

No case reports or epidemiological studies were available to the
Working Group.
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URACIL MUSTARD

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 66-75~1

Chem. Abstr. Name:  5-[Bis(2-chloroethyl)aminol-2,4(14,3H) pyrimidine-
dione

S-Aminouracil mustard; 5-[bis(2-chloroethyl)amino]uracil; 5-¥ -

bis (2-chloroethyl) aminouracil; CB-4835; demethyldopan; desmethyl-
dopan; 5—[di(B—chloroethyl)amigo]uracil; 2,6-dihydroxy-5-bis (2-
chloroethyl) aminopyrimidine; ENT 50439; NSC-34462; SK-19849;

U-8344; uramustine

1.2 Chemical formula and molecular weight

C8HllCl2N302

CICH,.CH,_ F

CICH, CH2 Mol. wt: 252.1

1.3 Chemical and physical properties of the pure substance

(@) Description: White, odourless crystals from methanol and water

(b) Melting-point: About 200°C (decomposition)

(c) Spectroscopy data: )\max 257 nm (0.01N H,80, in 95% ethanol);
Ei = 226

(d) Solubility: Slightly soluble in methanol and in acetone (2 mg/
ml); vwvery slightly soluble in water; practically insoluble in
benzene and chloroform; soluble in dimethylacetamide and 5%

aqueous solutions thereof
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(e) Stability: Unstable in water and acid solutions

1.4 Technical products and impurities

Uracil mustard is available in the US in the form of capsules con-

taining 1 mg active ingredient (Kastrup, 1974).

2. Production, Use, Occurrence and Analysis

For important background information on this section, see preamble,

p. 17.

2.1 Production and use

Uracil mustard can be prepared by treating 5-aminouracil with ethylene
oxide to give 5-bis (2-hydroxyethyl)aminouracil. This product is then
treated with thionyl chloride, yielding uracil mustard (Lyttle & Petering,
1958).

Uracil mustard has been manufactured by one company in the US since
1962; however, only 26 g were manufactured and sold in 1974, and it is
neither imported nor exported by that country.

Uracil mustard has been used in human medicine in the treatment of
various malignant diseases, including chronic lymphocytic leukaemia, folli-
cular lymphamas, Hodgkin's disease, reticulum—cell sarcoma, lymphoblastic
lymphama, mycosis fungoides, chronic myelogenous leukaemia, polycythaemia
vera and carcinoma of the ovary and lung (Kastrup, 1974). It is adminis-—
tered orally in doses of 1-2 mg daily for three weeks (Goodman & Gilman,
1970).

Uracil mustard has been tested in laboratory animals as an immuno-
suppressive agent (Buskirk et al., 1965; Karp & Bradley, 1968; Nelson &
Bridges, 1965) and against influenza and vaccinia viruses (Sidwell et al.,
1968) and certain strains of bacteria (Wacker et al., 1966). It has also
been tested as an insect chenosterilént but has never been made commercially

available in the US for this purpose (Fye et al., 1965).
2.2 Occurrence

Uracil mustard is not known to occur in nature.
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2.3 Analzsis

Uracil mustard may be determined colorimetrically by its reaction with
8-hydroxyquinoline in alkaline solution (Anon., 1964) or by reaction with
4-(4'-nitrobenzyl) pyridine in acid solution for its estimation in blood
(Klatt et al., 1960; Petering & Van Giessen, 1963). Both methods can
detect about 5 ug/ml.

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

3.1 Carcinogenicity and related studies in animals

Intraperitoneal administration

Mouse: Three groups of 20 A/He mice of both sexes, 6-8 weeks old,

received 7 i.p. injections of uracil mustard in tricaprylin over a 24-week
period (total doses, 40, 20 and 8 mg/kg bw). At the end of this period
there were 15, 18 and 19 survivors, respectively, and all developed lung
adenamas and adenocarcinamas, the averages being 23, 12 and 3.7 tumours per
mouse, respectively. In 80 male and 80 female controls which received 24
weekly i.p. injections of tricaprylin, there were 77 male and 77 female
survivors at 24 weeks, and 28% males and 20% females developed 0.24 and
0.20 lung tumours per mouse, respectively (Stoner et al. , 1973).

Male and female A/J mice, 4-6 weeks old, were given i.p. injections of
uracil mustard in tricaprylin or in 1% acacia solution thrice weekly for
4 weeks (total doses ranged fram 0.18-12 mg/kg bw). Thirty-nine weeks after
the first injection, the survivors were killed and examined for lung ade-
nomas and adenocarcinamas, and the results are shown in the following table
(Shimkin et al., 1966) .
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Total dose Survivors/ % Mice Mean no. of

21_1337E9 bw) original no. with tunours per

of animals tumours mouse

12 28/60 100 15.6

9.6 30/30 100 20.3

3 52/60 100 6.6

0.76 54/60 85 2.0

0.18 55/60 56 0.9
Vehicle (males) 385 39.5 0.5
Vehicle (females) 392 3l.4 0.36

Groups of 25 male and 25 female Swiss mice, 6 weeks old, were given
i.p. injections of 0.12 or 0.5 mg/kg bw thrice weekly for 6 months, followed
by observation for a further 12 months, at which time the animals were
killed. Lung tumours occurred in 7/37 males (P=0.1l) and in 23/40 females
(P<0.001). Liver tumours occurred in 4/37 males (P=0.018) and ovarian
tumours and lymphomas occurred in 10/40 and 20/40 females, respectively
(P<0.001). The incidences of each tumour type were significantly greater
in treated animals than in controls (Weisburger et al., 1975).

Rat: Two groups of 25 male and 25 female Charles River CD rats, 6
weeks old, were given thrice weekly i.p. injections of 0.15 or 0.3 mg/kg bw
for 6 months, followed by cbservation for a further 12 months, at which
time the animals were killed. Peritoneal sarcomas occurred in 10/38 males
and in 8/39 females (P<0.00l); lymphomas occurred in 6/38 males (P<0.001)
and in 4/39 females (P=O.. 004); pancreatic tumours were found in 3/38 males
(P=0.005); ovarian tuwours and mammary carcinomas were found in 4/39
(P<0.001) and 8/39 (P=0.03) females, respectively. The incidences of each
tumour type were significantly greater in treated animals than in controls
(Weisburger et al., 1975).

3.2 Other relevant biological data

The oral LD50 of uracil mustard in Donryu rats is 3.55 mg/kg bw
(Chang, 1964). LDSO's for mice and rats of 2-6 mg/kg bw (orally) and 1-3
mg/kg bw (intramuscularly or intraperitoneally) were reported by Ballerini
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et al. (1965). Chang (1964) found that uracil mustard induced extensive
damage in rat bone marrow and testis. In the study of Shimkin et ol. (1966)
quoted above, higher doses of uracil mustard caused hepatic changes con-
sisting of early portal cirrhosis.

2-1%C-Uracil mustard was administered at a dose of 4 mg to 265 Walker
carcinosarcoma-bearing Holzman rats. Incorporation of the '*C-label into
macrarolecules in subcellular fractions of various tissues was measured for
6 hours after administration and was generally found to be maximal by 1
hour and to be more extensive in RNA than in DNA or protein (Byvoet &
Busch, 1962).

Administration of uracil mustard to female rats in doses of 0.3 and
0.6 mg/kg bw on the 12th day of pregnancy produced malformmations in the
surviving offspring at 21 days: exencephaly, retarded and clubbed appen-—
dages and deformed paws and tail were seen (Chaube et al., 1967).

The reaction os 0.2 umoles/ml wracil mustard with heparinized human
blood at 37°C in vitro was measured colorimetrically: about 50% of the
original drug was no longer detectable after 30 mins (Klatt et ol. , 1960) .

3.3 Observations in man

No data were available to the Working Group.

4. Coments on Data Reported and Evaluation!

4.1 Animal data

Uracil mustard is carcinogenic in mice and rats following its intra-
peritoneal injection, producing a dose-related increase in the incidence of
lung tumours in mice and a variety of tumours in both mice and rats.

4.2 Human data

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

!see also the section, "Animal Data in Relation to the Evaluaticn of
Risk to Man" in the introduction to this volume, p. 15.
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SELENIUM AND SELENIUM COMPOUNDS

A WHO Environmental Health Criteria document is in preparation, and
therefore the chemical and physical data and information on production, use,
occurrence and analysis are covered only briefly. As to the biological data,
only those which are strictly relevant to the assessment of carcinogenic

risk are mentioned.

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Reg. Serial No.: 778-24-92
C.I. No.: 77805

1.2 Chemical identity and atomic weight

Selenium is an element of Group VIA of the periodic table, lying between
sulphur and tellurium. Its atomic number is 34 and its atomic weight, 78.96.
Selenium has six stable isotopes with mass numbers 74, 76, 77, 78, 80 and 82.

1.3 Chemical and physical properties of the pure substance

(a) Description: Three allotropic modifications exist: (1) monoclinic
(red) selenium, m.p. 144OC; (2) grey selenium, m.p. 217OC; and
(3) amorphous selenium, which has three forms - vitreous, red

amorphous and colloidal selenium.

(b) Solubility: Soluble in carbon disulphide, benzene and quinoline.
Selenium oxide is very soluble in water, methanol, ethanol and
acetone. Sodium selenite and sodium selenate are also readily

soluble in water.

(c) Stability: Oxidized to selenious acid by nitric acid. Amorphous
selenium reacts with water to give selenious acid. Selenium oxide,
selenites and selenates are easily reduced to selenium. Sodium
selenide decomposes in water.

1T

(d) Reactivity: The most important valencies of selenium are Se ™,

SeIV and SeVI.
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Selenium oxychloride, Se(rlz, a yellowish corrosive liquid,
attacks most metals and is a solvent for sulphur, selenium,
tellurium, rubber, bakelite, gums, resins, celluloid, gelatin,
glue, asphalt and other materials. Selenium reacts with metals
to gain electrons and to form ionic selenide compounds; covalent

compounds are formed with other elements.

1.4 Technical products and impurities

Selenium is available in commercial, high-purity and ultra-high-purity
grades. The commercial grade contains a minimum of 99% selenium and may
contain maximums of 0.2% tellurium, 0.1% iron, 0.005% lead and 0.005% copper
as impurities. It is sold as 200-mesh powder, in lump size and in a size of
intermediate coarseness. The high-purity grade, sold in shotted and powder
forms, is reported to contain a minimum of 99.99% selenium. Impurities which
may be present at concentrations no greater than 1-2 mg/kg each are mercury.
tellurium, iron, arsenic and other non-ferrous metals undesirable in elec—
tronic and electrostatic applications. Higher concentrations of "inert"
contaminants such as sodium, magnesium, calcium, aluminium and silicon can
be tolerated. The ultra-high-purity grade, prepared only on a laboratory
scale, is reported to contain 0.0001-0.001% impurities. Ferroselenium,
containing 57.5% selenium, is also available commercially (Elkin & Margrave,
1968).

2. Production, Use, Occurrence and Analysis

A review on selenium has been published (Elkin & Margrave, 1968).

2.1 Production and use

Selenium was first isolated from pyrite by Berzelius (Berzelius, 1817)
as a red sediment in sulphuric acid. Now nearly all selenium is obtained
as a by-product of the electrolytic refining of copper, in which copper-
refinery slimes are treated with sulphuric acid to dissolve the copper as
copper. sulphate. In one method used commercially in the United States, de-
copperized slimes are smelted in a rotary kiln with sodium bisulphate, and
selenium dioxide is volatized and collected in a scrubber—Cottrell system.

A small amount of selenium is recovered in the manufacture of sulphuric acid.
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Purified selenium may be obtained by dissolving the dioxide in water and

precipitating selenium with sulphur dioxide (Elkin & Margrave, 1968).

World production of selenium in 1973 was estimated to have been 1.1
million kg (Baltrusaitis, 1974; US Bureau of Mines, 1974); 80% of this was
produced in Canada, Japan and the US.

Commercially produced compounds include selenium dioxide, sodium
selenite, sodium selenate, selenic acid, selenium oxychloride, cadmium

sulphoselenide and selenium diethyldithiocarbamate (Elkin & Margrave, 1968).

Selenium is used in the manufacture of glass to impart red and bronze
colours or tints, and to neutralize undesirable green colours produced by
iron impurities. The glass container industry consumes 0.11-0.14 million
kg of selenium annually (Baltrusaitis, 1974; Elkin & Margrave, 1968).

In the paint, plastics and ceramics industries, cadmium sulphoselenide
pigments are used to produce colours ranging fram yellow to maroon
(Elkin & Margrave, 1968).

Because of its semi-conducting properties, selenium has been used in
the manufacture of rectifiers for electronics applications. In recent years,
silicon has replaced selenium in high-voltage industrial rectifiers, but
selenium rectifiers are still in demand for home-entertainment equipment
(Baltrusaitis, 1974). It is also used in photoelectric cells for instruments
such as photameters, colorimeters, "electric eyes" and photographic exposure
meters (Elkin & Margrave, 1968); and selenium—coated photoreceptors are

used more and more frequently in dry photocopiers (Baltrusaitis, 1974).

Selenium is used as an additive to improve the machinability and to
reduce the porosity of steels (Baltrusaitis, 1974). It is also used as an
additive in both natural and synthetic rubbers to increase the rate of
vulcanization and to improve the ageing and mechanical properties of

sulphurless and low-sulphur stocks (Elkin & Margrave, 1968).

Selenium sulphide is the active ingredient in several pharmaceutical
and cosmetic products, including a prescription drug for the treatment of
dandruff and a non-prescription dandruff shampoo, which are used for the
treatment of superficial skin mycosis (Baltrusaitis, 1974; Elkin &
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Margrave, 1968). Approximately 200 kg of this compound are believed to be

consumed annually in these products.

Selenium and its campounds are also used as catalysts, e.g., in labora-
tory determinations of nitrogenous materials and as oxidizing agents in the
synthesis of certain organic chemicals such as cortisone and niacin (Elkin &
Margrave, 1968), and as reducing agents. Selenium diethyldithiocarbamate
has also been reported to have been used as a fungicide (Innes et al., 1969).

In 1974 the US Food and Drug Administration approved the use of sodium
selenite or selenate in the feeds of swine, turkeys and growing chickens up
to 16 weeks of age; the permissible levels are 0.1 mg/kg in swine and
chicken feeds and 0.2 mg/kg in turkey feeds (Anon., 1974). The purpose of
these additives in feed is to prevent selenium deficiencies, which can
result in decreased growth rates, disease and death (Anon., 1973). The
nutritional value of the selenium found in trace amounts in the human diet
has also been studied (Higgs et al., 1972).

In veterinary medicine, selenium salts have been used in conjunction
with vitamin E to prevent muscular dystrophy. Sodium selenate has been
administered to prevent exudative diathesis in chicks, white muscle disease
in sheep and infertility in ewes. It is reported to prevent pneumonia in
pfémature lambs and calves and to control hepatitis in swine (Elkin &

Margrave, 1968).
2.2 Occurrence

Selenium is widely distributed throughout the environment, occurring in

air, water, soil, vegetation and food.

It occurs in metal sulphide deposits that are mined primarily for
copper, zinc, nickel and silver. The burning of coal represents the
principal source of environmental contamination with selenium compounds:
estimates of the amount of selenium released annually to the atmosphere

in the US in this way are of up to 4 million kg.

Selenium is present in the major oceans and in inland waters; as a

result, it occurs in drinking-water.
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Its presence in soil in varying concentrations contributes to its
occurrence in many plants some of which absorb and accumulate large amounts
of this element. Selenium can occur in paper and paper products and is

subsequently released to air upon their incineration.

Due to its widespread occurrence, it is found in animals and foods.
Major dietary sources of selenium are meats, fish, dairy products, cereal

products and bread.
2.3 Analysis

A wide variety of techniques have been successfully employed for the
analysis of selenium in atmospheric samples and in coal, fuel, oil, petrol,
biological materials, water sediments and soil samples. These include
neutron activation analysis (limit of detection, 0.01 ug/l of air)
(Hashimoto & Winchester, 1967); gas absorption followed by spectrophoto-
metry (Kawamura & Matsumoto, 1965) (limit of detection, 150 ng/g coal)
(Weaver, 1973); flameless atanic absorption (limit of detection, less than
10 ug/1 water) (Baird et al., 1972); atomic absorption spectrometry
(limit of detection, 1.3 mg/kg) (Kirkbright & Ronson, 1971); spark source
mass spectrometry (von Lehmden et al., 1974); polarography (limit of
detection, 0.2 pg/1-2 g biological sample) (Christian et al., 1965);
emission spectrometry (limit of detection, 0.02 ug/g fuel oil) (von Lehmden
et al., 1974); X-ray fluorescence (Brar et al., 1970); gas chromatography
(Burgett, 1974); and high-pressure liquid chraomatography (limit of detec-
tion, 0.5 mg/1) (Wheeler & Lott, 1974). A critical evaluation of analytical
methods for the determination of selenium was made by Shendrikar (1974).

The best methods are neutron activation analysis or fluorometry. Sub-—
microgram amounts of selenium in a large number of biological samples have
been determined fluorametrically (Watkinson, 1966), and this method is
being adopted for use as a standard method by the American Association of
Agricultural Chemists. A modification of the official method for estimating
selenium in plants was reported by Olson et al. (1975).

Selenium can be determined spectrophotametrically or fluorometrically

as the selenodiazole complex, following wet oxidation (Hoste & Gills, 1955).
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3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Man

The problem of selenium and cancer has been reviewed (Anon., 1970;
Scott, 1973; Shapiro, 1972).

3.1 Carcinogenicity and related studies in animals

Oral administration

Mouse: Administration of either sodium selenite or sodium selenate in

drinking-water (to give concentrations of 3 mg/l selenium) to two groups of
about 100 Swiss mice of both sexes had little effect on growth rate. Of 88
treated mice examined, 13 (15%) had tumours, compared with 23 (19%) among 119
controls. In the selenium-fed mice, there were 8 "lymphoma-leukaemias", 4
lung adenocarcinamas and 1 osteosarcoma. In the controls there were 2

" lymphoma-leukaemias", 7 lung carcincmas, 1 carcinoma of unknown origin

and 13 benign tumours of breast, ovary and other tissues. All of the tumours
occurring in the selenium group were malignant, while only 10/23 of the
tumours occurring in control animals were malignant (Schroeder & Mitchener,
1972). [The higher incidence of malignancy in the selenium groups was

not significant. ]

Two groups of 18 male and 18 female mice of the (C57B1/6xC3H/Anf)F
or (C57B1/6xAKR)F strain were given daily doses of 10 mg/kg bw ethyl 1
selenac (seleniumldiethyldithiocarbamate) by gavage, starting when the
animals were 7 days of age, until they were 28 days of age. Subsequently,
ethyl selenac was given at a level of 26 mg/kg of diet, and feeding was
continued for up to 82 weeks. Tumours were induced in 16/18 male (12 hepa—
tomas, 3 lymphomas and 1 sebaceous gland adenoma) and in 6/17 female (3
hepatomas, 2 lymphomas and 1 mammary carcinama) mice of the (C57B1l/6xC3H/
Anf)F1 strain and in 5/17 male (3 hepatamas, 1 lymphoma and 3 pulmonary
tumours) and 4/17 female (3 lymphomas and 1 pulmonary tumour) mice of the
(C57B1/6XAKR)F strain. The increased incidence of hepatomas over that
found in contrc1>ls was significant (P=0.01) in (C57Bl/6xC3H/Anf)F1 males

(Innes et al., 1969; National Technical Information Service, 1968).

[In the same experiment (National Technical Information Service, 1968),
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a similar fungicide not containing selenium, i.e., potassium bis (2-hydroxy-
ethyl)dithiocarbamate, given at a daily dose of 464 mg/kg bw and then at
112 'mg/kg of diet, induced a similar incidence of tumours; thus, the
tumours may have been caused by the thiocarbamate residue rather than by
selenium. On the other hand, feeding of 46.4 mg/kg bw tellurium diethyl-
dithiocarbamate followed by 149 mg/kg of diet produced fewer tumours, and
feeding of 100 mg/kg bw of the zinc salt followed by 260 mg/kg of diet did

not increase the incidence of tumours. ]

Rat: Six groups each of 18 female Osborne-Mendel rats were fed
seleniferous corn or wheat to give concentrations of 5, 7 or 10 mg selenium
per kg of diet, and one group was fed a mixed solution of ammonium potassium
sulphide and ammonium potassium selenide to give 10 mg selenium per kg of
diet. Of rats surviving between 18-24 months 11/53 developed liver-cell
tumours reported as ranging from adencmas to low-grade carcincmas. Only
4 rats receiving 10 mg/kg selenium lived for 2 years. Advanced adencmatoid
hyperplasia was seen in 4 rats. Cirrhosis of the liver was present in 43/53
animals, and liver tumours occurred only in animals with cirrhosis. No
liver tumours were seen in 73 rats which survived less than 18 months,
although cirrhosis was frequent after 3 months. The spontaneous incidence
of hepatic tumours in control rats and in rats used in other experiments was
reported to be less than 1%; these animals received a diet containing 12%
protein and consisting of 49% corn, 44% wheat and 3% yeast (Nelson et al.,
1943).

Groups of about 100 male and female weanling Long-Evans rats were
given 2 mg/1 selenium as sodium selenite or sodium selenate in drinking-
water (equivalent to about 4.5 mg/kg of diet) until they were 1 year of
age when the dose was raised to 3 mg/l. A group of 105 controls
received no selenium in drinking-water. After 58 days male rats receiving
2 mg/1 sodium selenite were transferred to sodium selenate, since 50% of
the animals had died; surviving animals in this group were killed after
596 days and no tumours were observed. Thirty tumours were reported in
the 48 selenate-treated rats examined histologically (62.5%); 20 of these
tumours were malignant (41.7%). In 32 female selenite-treated rats
killed between 662-691 days, 4 malignant tumours were found (12.5%).
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Of the 65 control rats examined, 20 had tumours (30.8%) 11 of which were
malignant (16.9%). Malignant tumours occurring in both treated and control
animals were mainly mammary carcinomas, sarcomas at various sites and
"lymphoma-leukaemias" (Schroeder & Mitchener, 1971a). [Although there is

a statistical difference in the incidence of all tumours and that of
malignant tumours between control and selenate-treated groups, an evaluation
of these results was not possible because not all autopsied animals

were examined histologicalily and because treated animals lived longer than
controls (the average lifespan of control males and females was 813 and

814 days and that of treated animals 847 and 929 days, respectively).]

Wistar rats fed selenium at concentrations of 4, 6, 8 or 16 mg/kg of
diet (added as selenite or selenate) died with toxic hepatitis within
100 days. Of 275 ra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>