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Note to the reader

Every effort is made to present the m::mogaphs as accuately as

possible without unduly delaying their publication. Nevertheless, mistakes

have occured and are still likel y to occu. ln the interest of all users

of these m::mographs, readers are regested ta camicate any errors

obsered to the Unit of Chemcal Cacinogenesis of the International Agency

for Research on Cancer, Lyon, France, in order that these ca be included

in corrigenda which will appe in subseqent volums.

As stated in the preale, great efforts are made to cover the whole

literature, but sane studies may have be inadvertently overlooked. Since
the ffnographs are not intended ta be a review of the li terature and contain

onl y data considered relevant by the Working Group, i t is not possible for

the reader to detemne whether a certain study was considered or not.
HCMever, research workers who are aware of imrtant published data whch

may change the evaluation are reqested to mae them available ta the

abe-mentioned address, in order that they can be considered for a possible
re-evaluation by a futue t.lorking Group.
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BACKGROO AN PURE OF TH IA PRCXRA ON TH

EVATION OF TH CAINOGC RISK OF æECA 'I MA

The International Agency for Research on Cacer (IAC) ini tiated in

1971"a progran on the evaluation of the cacinogenic risk of chemcals ta

ma. This prograi was supported by a Resolution of the Goerng Council

at its Ninth Session concering the role of IA in providing governt
authorities with exrt, indepedent scientific opinion on environmtal

carcinogenesis. As one mea to this end, the Goerning Council recomded
tht IA should continue to prepae m::mogaphs on the carcinogenic risk of

individual chencals ta ma.

ln view of the imrtace of this progam and in order to exi te
the production of monographs, the National Cacer Institute of the United

States has provided IAC with additional funds for this purse.

The objective of ths prograre is to elabrate and publish ln the

form of monographs a critical review of carcinogenicity and related data

in the light of the present state of knCMledge, with the final aim of

evaluating the data in term of possible hum risk, and at the same tir

ta indicate where additional research efforts are neeed.

ScOPE OF TH MONCXRAHS

The ffnographs suiize the evidence for the cacinogenicity of

individual chencals and other relevant informtion. The data are compiled,

reviewed and evaluated by a Workig Group of exrts. No recc:endations

are given concerning preventive rrsures or legislation, since these matters

deped on risk-beefit evaluation, which seem best made by individual

goverents and/or international agencies such as WHO and IID.

Since 1973, when the progam was started, eight volums have been

published 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 .

As new data on chemcals for which IInographs have already ben wri tten
and new principles for evaluation becan available, re-evaluations will be

made at future meetings, and revised IInographs will be published as

necessar. The ITnographs are being distributed ta interational and

governental agencies and will be available ta industries and scientists
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dealing wi th these chemcals. They also fonn the basis of advice fror
IAC on cacinogenesis frcm these substaces.

MOCHANISM FOR PROUcING TH MJNOGRAHS

As a f irst step, a list of chemcals for possible consideration by

the Working Group is established. IA then collects pertinent references

regarding physicochemcal characteristics, production and use * , occuence
and analysis, and biological data** on these caunds. The material is
surized by an exrt consul tat or an IA staff rær, who prepaes

the first draft, which in sane cases is sent to another ext for carts.

The drafts are circulated to all rærs of the i'lorkig Group abut one

ITnth before the meeting. Duing the rreting further additions to and
deletions fror the data are agree upon, and a final version of CXts
and evaluation on each caund is adopted.

Priority for the Prepaation of Honographs

Priority is given mainly to chemcals belonging to groups for which

at least sore suggestion of carcinogenici ty exsts frcm obsertions in
anls and/or ma and for which there is evidence of hum exsure.

However, neither hum exsure nor potential carcinogencity can be judged
until all the relevant data have been collected and examed in detail,

and the inclusion of a paticular ccpound in a monograph does not neces-

sarily mean that the substance is considered to be carcinogenic. Eqally,
the fact that a substace has not yet ben considered does not imply that

i t is wi thout carcinogenic hazard.

Data on which the Evaluation is Baed

With regard to the biological data, only pulished aricles and papes
already accepted for publication are reviewed. Ever effort is made to

*Data provided by Chercal Informtion Serices, Staford Research
Institute, Menlo Park, Californa, USA

**In the collection of original data reference was made to the
publications "Surey of canpounds which have been tested for cacinogenic
acti vi ty" 9 , 1 0 , 1 1 , 12 , 1 3 , lit .
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cover the whole literature, but son studies may have been inadvertently

overlooked. The IInogaphs are not intended ta 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 rne them

available to the Unit of Chencal Cacinogenesis of the Interational
Agency for Research on Cacer, Lyon, France.

The t.1orking Group

The tasks of the Working Group are five-fold: (1) ta verity tht as

far as feaible all data have ben collected; (2) ta select the data
relevant for the evaluation; (3) ta detenne whether the data, as

sUlized, will enable the reader to follav the reasoning of the corrttee;
(4) to judge the significance of the exrirntal results¡ and (5) to

mae an evaluation.

The mes of the Working Group who paticipated in the consideration
of paicular substances are listed at the beining of each publication.

The m6Irs of the Working Group sere in their indi vidual capaci ties as
scientists, and not as representatives of their governents or of any

organization with which they are affiliated.

GE PRIIPLE FOR TH EVATION

The general principles for the evaluation which are listed beloo were

elabrated by previous Working Groups and were also applied to the sub-

staces listed in ths volum.

Teolog
The tem "chemcal carcinogenesis" in its widely accepted sense is

used to indicate the induction or enanceInt of neoplasia by chercals.
It is recogized that, in the strict etymlogical sense, this ten rrans

the induction of cancer; hCMever, corrn usage has led to i ts employt
to denote the induction of various tys of neoplasm. The ter
"tumurigen", "oncogen" and "blastanen" have all been used synony:usly

with "carcinogen", although occasionally "tumurigen" has ben used
speifically to denote the induction of beign tuurs.
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Response . ta Cacinogen

For present purses, in general, no distinction is made between the

induction of tururs and the encert of tumur incidence, al though i t
is note that there may be fundamtal differences in rnhansm that
will eventuall y be elucidated.

The response in eximtal animls to a cacinogen may tae several

form :

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

same typs of neoplasm as found in control anls;

(2) the occurence of tys of neoplas not obsered in control

anirls;
(3) a decreased latent peiod as caed with control animls.

Puity of the Canpounds Tested

ln any evaluation of biological data with respet to a possible
cacinogenic risk, paticular attention mut be paid to the purity of the
chemcals tested and ta their staili ty under conditions of storage or

admistration. Infonntion on purity and staility is given, when availa-

ble, in the monographs.

Qulitative Aspects

The qualitative nature of neoplasia has be rmch discused. ln may
intaces, bath beign and malignant tum:mrs are induced by chemcal cacino-

gens. There are so far few recorded instaces in which only beign tumurs
are induced by chemcals that have be studied exensively. Their occu-

rence in eximtal system has be taen ta indicate the possibility of
an increased risk of malignt tururs also.

ln eximental carcinogenesis, the ty of cacer see can be the sam

as that recorded in hur studies (e.g., bladder cancer in ma, monkeys,

dogs and hamters after admistration of 2-naphthylame). ln other

instaces, howver, a chemcal ca induce other tys of neoplasm or

neoplasms at different sites in various species (e.g., bezic1ine induces

hepatic carcinan in the rat, bùt bladder cacinan in ma) .
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Quti tati ve Aspects

Dose-resfDnse studies are imrtt in the evaluation of hur and

animl carcinogenesis. The confidence with which a cacinogenic effec

ca be estalished is strengthened by the observation of an increasing

incidence of neoplasm wi th increasing exsure. Such studies are the
only ones on whch a miiml effective dose can be estalished. The deter-

miation of such a dose allCM a cxison wi th reliable data on hur

exsure.
Comison of potency betwee cauns ca only be made if and when

substaces have ben tested sirltaeously.

Animl Data in Relation ta the Evaluation of Risk ta Ma

At the present time no attemt ca be made to interret the animl

data directl y in term of hum risk since no obj ecti ve criteria are
available to do so. The critical assessrt of the validity of the anl
data given in these monographs is intended ta assist national and/or

international authorities to rne decisions concerning preventive iæasures

or legislation. ln ths connection attention is draw ta WHO recadations
in relation to foo addi ti ves 1 5, drgs 1 6 and occupational cacinogens 1 7 .

Evidence of Hur Cacinogenici ty

Evaluation of the carcinogenic risk to na of suspeted enviroIlntal

agents rests on purel y obserational studies. Such studies regre
sufficient variation in the levels of hum exure ta allCM a rrgful
relationship betwen cacer incidence and exsure ta a given chercal ta

be established. Difficulties in isolating the effects of individual agents

arise, however, since poulations are exsed to multiple cacinogens.

The initial suggestion of a relationship betwee an agent and disease

often canes fran case reports of patients who have had simlar exsures.
Variations and time trends in regional or national cacer incidence, or

their correlation wi th regional or national ' exsure ' levels, rny also
provide valuale inights. Such obserations by themelves, hover,

caot in :rst circutaces be regarded as conclusive evidence of cacino-

genici ty . The :rst satisfactory epidemological iæthcx is ta cae the
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cance risk (adjusted for age, sex and other contounding vaiables) am:mg

groups or cohorts, or aIng indi viduals exsed to various levels of the

agent in question, and aIng control groups not so exsed. Ideally this 1S

accanplished directl y, by follCMing such groups forwd in ti (prospec-

tively) to detere t.l relationships, dose-response relationships and

other aspets of cacer induction. lage cohorts and long observation

peiod are reqired to provide sufficient cases for a statistically
valid cæiison.

An alterative to prospective investigation is to assemle cohorts

fran past records and to evaluate their subseqent IIrbidity or rrrtlity

by means of meical histories and death certificates. Such occupational

cacinogens as nickel, ß-naphthylame, asbestos and benzidine have ben

confi.r by ths method. Another methoo is to caare the past exsures

of a defined group of cancer cases with those of control samles frcm the
hospital or general population. Ths does not provide an absolute rrasure

of carcinogenic risk but ca indicate the relative risks associated with

different levels of exsure. The indirect rrans (e.g., interviews or

tissue residues) used to measure exsures which may have cæced may
yeas before ca 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 substace could then be a:mfinn
by cohort studies.

EXIATORY NC ON '! MONCGHS

ln sections l, 2 and 3 of each monograph, except for mior remks,
the data are recorded as gi ven by the author, whereas the cannts by the
Working Group are gi ven in section 4, headed "carts on Data Reporte
and Evaluation".

Chemcal and Physical Data (section l)

The Chemcal Abstracts Registr Serial Nur and the latest Chemcal

Abstracts Nam (if ths is not used in the title) are recorded in ths

section, toether wi th other synonym an trade nas.

Chemcal and physical propeties include data that might be relevant
to cacinogenicity (for examle, lipid solubility) and those that concer
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identification. Where applicable, data on solubility, volatility and

staility are indicated. All chemcal data in ths section refer to the

pure substace.

Production, Use, Occurence and Anl ysis (section 2)

The ul timte purse of this section is ta gi ve an idea of the exent

of possible hum exsure, and therefore data on production, use and
occurence are given when available. With regard to these data, lAC has

collabrated with the Stanford Research Institute, USA, with the support

of the National Cacer Institute of the USA, in order to obtain production

figues of chEmcals and their patter of use.

Since the United States, Western Euop and Japa are reasonably
representative industrialized areas, and since Staford Research Institute

has regional offices in these areas, such data are conly acquired fran
these countries. It should not be inferred tht these nations are the sole

sources or even the major sources of any individual chemcal.

Production data are obtained from bath governtal and tradepubli-

cations in the thee georaphic areas. Informtion on use and occuence

is obtained by a cxrehensive review of published data, c:lemted by
direct contact wi th maufacturers of the chemcals in question.

Since cancer is a delayed taxic effect, past use and production data

are also of' imrtace. ilvith respet to past an present use and production,

reglatory actions in sane countries are rrtioned as examles only.

Statants concerning reglations may not reflect the IISt recent situation,
since such legislation is in a constat state of chge; nor should it
be taen to imply that other countries do not have simlar regulations.

In the cases of drgs, rrtion of the therapeutic uses of such chemcals

does not necessaril y represent presentl y accepted therapeutic indications,
nor does it imply judgemnt as to their clinical efficacy.

It is hope that in future revis ions of these ITnographs, IIre infor-

mation on production and use ca be made available to IAC fran other

countries.
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Biological Data Relevant ta the Evluation of Cacinogenic
Risk ta Ma (section 3)

As pointed out ealier in ths introduction, the Irnogaphs are not

intended to consider all reported studies. Although ever effort was made

to review the whole literature, sor studies were pursely antted (a)

tiause of their inadeqcy, as judged fran previously describ criteria
1 B , 1 9 , 2 0 ,2 1 (e. g ., ta short a duration, ta few animls, por suri val or

tao smll a dose) ; (b) because they only confinn findings whch have
already been fully describ; or (c) beause theY'Wre judged irrelevant

for the purse of the evaluation. Howver, in certin cases, reference is
made to studies which did not rrt estalished criteria of adeqcy, pa-

ticuarly when this inorntion was considered a useful supplement to other

reports or when i t may have be the onl y data available. Ths does not,

hCMever, impl Y acceptace of the adegcy of exirtal design in these

cases.

ln general, the data recorded in ths section are suized as given
by the author; hCMever, certain shortcongs of reporting or of exri-

metal design are also metioned, and TIor cats by the Working Group

are gi ven in sqe brackets.

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

"Ccmts on Data Reporte and Evaluation".

Cacinogenicity and related studies in anls: Mention is usually
made of all routes of admistration by which the cound has been teste
and of all speies in which relevant tests have be caied out. ln IISt

cases the anl strains are given; general chaacteristics of nouse strains
have been reported in a recent review22. Qutitative data are given in 50

far as they will enable the reader ta realize the order of magnitude of the

effective doses. ln general, the doses are indicated as they appear in the

original pape; scmt.is conversions have be made for better coarison.

Oter relevant biological data: The reprting of metalic data is

restricted to studies shCMing the metalic fate of the chemcal in animls
and ma. Canarison of animl and hur data is made when fXssible. Oter
metalic informtion (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 understading of the fate of the canund in the boy. "Wen the
carcinogenici ty of knCM rætali tes has been tested, ths also is reported.

Sar ID 's are given, and other data on toxicity are included
50

occasionall y, if considered relevant.

Mutagenici ty 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 belCM.

Most of the chercal cacinogens which have so far be studied have

been shCM to reqire metablic activation in order to produce their bio-
logical effects. This metalic activation is in may cases associated

wi th binding to nucleophilic si tes in nucleic acids and proteins. The
grCMing eximental evidence linng the cacinogenic acti vi ty of ll1lerous
chemcals to their capaci ty to be converted into electrophilic deri vati ves
tht may also exert a mutagenic effect has led to the suggestion that a

relationship between chemcal carcinogenesis and mutagenesis rny existe

Such a correlation has sa far ben lim ted to those chges of the genoty
which appe as a conseqence of strctural or functional alterations of
nucleic acids.

Al though not all chemcal mutagens have been shaw ta be carcinogenic,
IIst chercal cacinogens, several of which cause cancer in ma, have nCM

be found to be mutagens when tested in one of the mutagenicity test
procedures that canine rncrobial, malian or other animl -cell system
as genetic tagets with an in vitro or in vivo rætablic activation systEm.

The results of appropriate mutagenicity tests, which are relatively rapid

an inexsi ve, may help ta prescreen chemcals and may also aid in the

selection of the IIst relevant animl species in which ta carry out long-

ter carcinogenici ty tests on these chemcals. The use of hur tissues
in such in vi tro testing procedures allCMs correlations between exerimental

animls and hums to be made. For all these reasons, the Working Group

decided to consider data on mutagenci ty as relevant biological inonntion

ta be included in the IInogaphs.
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There are may genetic indicators and irtablic activation system

available for detecting mutagenic acti vi ty; they all, hCMever, have indi-

vidual advantages and limtations. Ideally, an appropriate mutagenicity

test system would include the full metablic corntency of the intact hur.

Since the developnnt or application of such a system appears to be ims-
sible, the conclusion has ben reached tht a battery of test system ls

neeed in order to detect the imtagenic potential of chEmcals.

ln may cases, reactive rrtalites with a limted life-spa may fail

to reach or to react with the genetic indicatar, either because they are

further metablized to inactive canunds or beause they react wi th other
cellular consti tuents. For this reason imtagenici ty assays in intact animls

may give false-negative results, and appropriate in vitro techniques invol-

ving organ perfusion, tissue slices, cultured cell lines or tissue fractions

should be included in screening programes. Useful infonntion may also be
provided by investigation of other biological functions relevant to cacino-

genesis in hums, such as enzyms involved in the rætalic conversion of

chercals, DNA repair in hum cells and imological sureillance

mechanisr .

Metablism in mals is affected by exogenous and endogenous factors,

such as chercals causing enzyme induction and inbition, diet an gastro-

intestinal flora. Oter factors should also be considered in the exri-

rrtal design, e.g., age, sex and strain of animls, diural and seasonal

rhyt, differences between the foetal and adul t states and m:e of

admistration, cellular uptae, distribution an excretion of the chemcaL.

Differences in the metalism of foreign cxunds by in vi tro preparations
and by intact anls should also be taen into account. ln vicw of all
these factors, an incanlete picture of the mutagenic effects of chercal

carcinogens in vivo may be obtained by in vitro techniques.

It is difficult in the present state of knCMledge to select spcific

imtagenici ty tests as being the IIst appropriate for the pre-screening of

substances for possible cacinogenc activity. ln deciding whch muta-

genicity test procedures should be used, preference should be given to

system that are genetically and rætalically reasonably well defined

and/or which provide data shaw to be valid for the prediction of the

20



carcinogenicity of chemcals. Consideration of the results (positive or

negative) of mutagenicity tests using chemcals and their identified

metalites should be of great value in assessing the reliability of the
correlation between carcinogenic and mutagenic acti vi ties of chercals.

For IIre detailed infonntion see references 23-28.

Observations in ma: EpidEmological studies are surized. Clinical

in ma have been reviewe, when relevant.and other observations

Cornts on

This section gi ves

reported . L t should be
Substances Considered" .

Data Reported and Evaluation (section 4)

the cri tical vicw of the Workig Group on the data
read in conjunction with the "Geeral Ranks on the

Animl data: The animl species mentioned are those in which the
carcinogenicity of the substaces was clealy demnstrated, irrespetive of

the route of admnistration. ln the case of indeqte studies, when

metioned, COITents to that effect are included. Th route of admistration

used in eximental animls tht is simlar ta the possible hUI exsue
(ingestion, inalation and skin exsure) is given paicular metion. ln
rrst cases tl1ur sites are also indicated. Exrimts involving a possi-

ble action of the vehicle or a physical effect of the agent, such as in

subtaeous injection or bladder imlantation studies, are also rætioned¡
hCMever, the results of such tests reqire careful consideration, paicu-

lar 1 y if they are the onl y ones raising a suspicion of cacinogenici ty . If
the substace has produced tl1urs on pre-natal exsure or in single-dose

eximts, this is also indicated. Ths susection should be read in
the light of ccts made in the section "Anl Data in Relation to the

Evaluation of Risk ta Ma" of ths introduction.

HUf data: ln sem cases, a brief statet is made on the possible

exsure of ma. The significance of epiderological studies and case
reports is discused, and the data are interreted in ten of r:ssible

hum risk.
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GE RE ON TH SU'LES CONSIDER

The substances considered in this volum, with the exception of selenium

canpounds, are direct or indirect alky lating agents having a variety of

biological and therapeutic effects, including cytostatic and inunosuppressive

activities. So are drgs and have ben used and are used in the treatmt

of neoplastic and non-neoplastic disorders in ma.

The cherstr, metalism and biological effects of alklating agents
have been reported in several revievs (Jones, 1973; I.wley,l974;

Loveless, 1966; Ross, 1962; Van Duuren, 1969; Wheeler, 1962).

A cyotoxic effect on di viding cells is the chaacteristic phanco-
logical action of alklating agents and the basis of their use as anti-cancer

drgs. This is associated with an inactivation of the DNA template by

the formtion of single strand breas and inter strand cross 1 ins , in the

case of bifunctional a1lating agents, which results in an inibition of

DNA synthesis. Taxic effects on resting cells also occu, but the dose

reqired is higher. Al lating ccunds cause preferential dage to

organs which have a high rate of cell turover.

Lethal doses typically attack dividing cells. When given to anls,

alkylating agents also exert cytotoxic effects on the emryo. The resultant
teratogenic effects deped largely on the stage of foetal developnt and
the extent to which the caund or its active metalites pass the placental

barrier.

ln addition to inctivation of the DNA teplate, sor alk lating

agents produce les ions which affect base-pairing during DNA replication and

cause peent genetic alterations. All alklating agents mut be
regarded as potential cacinogens and rrtagens.

The developnt of tumurs following exsure to son of these su-

staces could be due to a direct chercal action or to inint of the

inune system or to bath (Doll & Kinlen, 1970; Gilbrt, 1972; Go, 1973;
Kripke & Borsos, 1974; Kroes et aZ., 1975¡ Krger, 1974; Leibtz &
Scharz, 1971¡ Pen, 1974).
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Since may of these sustaces have be shCM to cause cace in
animls, the possibility mut be considered tht they have a simlar effect

in ma. However, with the exception of studies of me exsed to mus tard
gas and a cuent prospetive study of patients treated with certan of
these drgs for non-malignat disorders (Cameron, 1975; Doll & Kinlen,

1970), available hum data on cancer in relation to the aziridines or
mutads are restricted to case reports. These refer mainly to the occur-

rence of second pri. neoplasm (in sor intaces after only a short

interal) follCMing their use, often in canination, in the treatrnt of

malignt diseases, al though tururs have also be reported after their
use in non-malignant diseases. The problem is to decide if the incidence

is increased. Although the occurence of :mltiple prim neoplasm was
knCM before the introduction of such drgs, reports concerning their

association with chemtherapy are to be excted, particularly in view of

the increased surival of cacer patients achieved by these means. Evalu-

ation of secnd prim tururs is a difficut epiderological problem,

whatever the treatment. There is, hOtever, a dea of population studies
that have capaed the incidence of second prim tururs in patients

recei ving chertherapy wi th that in patients who did not recei ve such

treabnt, tag appropriate account of the peson-yeas of exience

after diagnosis of the f irst cancer.

From a practical stadpoint one should not forget tht the risk-beefit

balance when prescribing a drg which caies a cacinogenic risk is likely

to be rerkaly different in the treatment of fatal conditions like cancer,

espeially when no effecive alterative treatit is available, fran tht

in non-cacerous conditions, espeially if alterative fonn of treatrt

are available.

Selenium was considered by ths Working Group in view of the forth-

co WHO Envirorntal Health Criteria doct on ths sutace.
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THE MONOGRAPHS



AZIRIDIN





APHOLATE

l. Chencal an Physical Data

1.1 Synonym and trade nars

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

Chem. Abstr. Nar: 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, l, 3,5,2, 4-6-triazatriphosphorine deri vati ve;
l-aziridinylphosphonitrile trimr; EN 26,316; hexa(l-aziridinyl)-
triphosphotriazine; 2,2,4,4,6, 6-heaks (l -aziridinyl) cyclotri-
phosphaza- l, 3, 5-triene; 2,2,4,4,5, 5-hexakis (1 -aziridinyl) -2,2,4,4,5,5-

hexahydro-l, 3,5, 2, 4, 6-triazatriphosphorine¡ heis (aziridinyl)-
phosphotriazine

1.2 Chemcal formla and molecular weight

H2C, . CH
1 N N N/I 2

H C/ , /' ~ ,/ 'CH C12H24N9P 32 P p 2H21, N /' Il
L' /CH2N 1./'

'CHH C N N2 , 2 MoL. wt: 387 . 3~
/' P ""

N N
/ " / \

H2C-CH2 H2C -CH2

l.3 Chemcal and physical propeties of the pure substaæ

(a) Description: Crstals (fran heptae)

(b) ~lting-point: l47. 50C (crystallized fran heptae) (Stecher,

1968); l54-154.50C (crystallized fram ethylacetate) (Bo &
Beroza, 1966)

(c) Spectroscopy data: Infra-red (Rätz et al. ~ 1964); NM

(Ottm et al. ~ 1964)
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1.4 Technical products an lmuri ties

No data were available to the Working Group.

2. Production, Use, Occuence and Anal ysis

For imrtat background infonntion on ths section, see prearle,

p. l7.

2 . 1 Production and use

Apholate can be prepaed by the addition of aziridine ta 2,2,4,4,6,6-

hexachloro- 2,2,4,4,5, 5-hexahdrotriazatriphosphorine (Rätz & Grdm,
1958); hawver, it has been produced for research purses only.

Apholate has ben tested as an antineoplastic agent (Chernov et al.-,
1959) , but it does not appear to have been used for ths purse in hum
rricine. It has be shaw ta be an effective chesterilant for various

insects (Larecque, 1961; Smth et al. -' 1964), but problem associated
with its application to insects, its toxicity and possible environmntal

effects have prevented its use in ths way on a corcial basis.

2. 2 Occuence

Apholate is not know to occu in nature.

2 . 3 Anal ysis

Analytical methods for the estimtion of apholate include titr:itr,

colorimtr and th- layer chromtogaphy (Beroza & Borkovec, 1964).

Followig its extraction fran biological material, 0.1 ng apholate ca be
detete by gas chramtography (Bc & Beoza, 1966).

3. Biological Data Relevant to th Evaluation

of Cacinogenic Risk ta Ma

3.1 Cacinogenicity and related studies in animls

Oral admistration

Rat: Sixt Y weanling male and ferle Fischer rats recei ved apholate
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in steroid-suspeding vehcle*, by gavage, on 5 days per w=ek in daily

doses per animl of 0.003-0.1 mg (l2 males and l2 femles), 0."3 mg (15

males and 15 femles) or 1 mg (maim tolerated dose, given to 3 males
and J femes) for up to 1 year. Average surival ties ranged fror 340

days in males given the highest dose ta 565 days in femles given the
lowest dose. The ti.ur incidence was reported to be simlar to that in

controls; no tumurs were reported to have occured in animls gi ven the
highest dose level (Hadidian et al. -' 1968). (The smll numr of animls
used should be noted.)

3.2 Oter relevant biological data

The oral ID 's of apholate for male and femle Shenn rats were
50

found to be 98 and ll3 mg/kg l:. The ID by skin application was 400-800
50

mg/kg l: for rats of bath sexes (Gaines, 1969; Gaies & Kimrough, 1964) .

Treabæt of Neurospora conidia with apholate induced an increase in

the freqency of recessive lethal mutations (Kaney & Atw, 1964). After
i.p. injection of 1.5 mg/kg hw apholate into mice, a peak of chranso
and chrantid abrrations was found in the bone marow 24 hours later

(Maa & Das, 1973). Treatmt of cultured hum lymphoces for 8 hours
with apholate produced 89% abnorml cells with 2.6 gaps or breaks per cell

(Chang & Klassen, 1968).

3.3 Observations in ma

No data were available to the Working Group.

4. Ccmnts on Data Reporte and Evaluation

4 . 1 Animl data

ln the only available study, apholate was inadeqately teste by the
oral route in rats; no evaluation on the carcinogenicity of ths chemcal

can be made.

*NaCl, Na carboxythylcellulose, Polysorbate 80, benzyl alcohol
and water
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4.2 Hum data

No case reports or epiderological studies w=re available to the

Working Group.
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AZIRIDIN

l. Chencal and Physical Data

1.1 Synonym and trade naIS

Chem. Abstr. Re. Serial No. : l51 -56-4

Chem. Abstr. Name: Aziridine

Azacyclopropane¡ dihydro-lH-azirine; dimethylenime; El;

ethy lene ime ¡ ethy leneime; ethy lenime ¡ ethy limne

l.2 Chemcal fonnla and molecular v.ight

H 2 f.. NI

HC/
2

C2H5N MJl. wt: 43.1

1. 3 Chemcal and physical proparties of the pure substance

(a) Description: Colourless liqud with intense amniacal odour¡

fumes in air; flamle

(b) Boiling-point: 0
56-57 C at 760 mu Hg

(c) Mel ting-point: -73. 960C 

(d) Densi ty: d24 O. 832
4

(e) Refracti ve index: 25
1 . 412~

(f) Spectroscopy data: Extensive data have been cciled by

LBrrr & Ham (l96 9) .

(9:) Identity and purity test: Form picrate yellow needles

(rn.p., 1420C¡ crystallized frcm water); fonn oxalate neeles
(m.p., ll50C; deccmsition)

(h) Solubili ty:

sol vents

Miscible with water and virtually all organic

(i) Volatility: Vapour pressure is 160 rr Hg at 200C.

(j) Staili ty : Hydrolyses in aqueous solutions ta gi ve etholame
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1. 4 Techncal products an iiurities

Aziridie is available carrcially in bottles, in 5-, 25- and 55-

gallon steel cylinders and in ta cas (i: Chcal Cay, 1966).
Specifications for cocial aziridine reqe: 99 :rle % miim active
ingredent, 50-150 ff/l sodium, 0.2% by W2ight maim water, and 0.2% by

weight maim non-volatile matter (Denæ & Hart, 1966).

2. Production, Use, Occurence and Analysis

For imrtant background informtion on ths section, se prearle,

p. l7.

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

2 . 1 Production and use

Aziridine was prepared by the dehydrobrannation of 2-brarthylame
by Gariel in 1888. Ccmrcial production by the cycliza,tion of 2-amo-
ethyl hydrogen sulphate bean in Germy in 1938. ln 1963, a US ccan
anounced (and probaly bean on a cccial basis) production of aziridine
by the reaction of arnia and ethylene dichloride (Der & Har, 1966).

Four US producers maufactured 680,000 kg of this chercal in 1964

(Derr & Hart, 1966). It was listed by one maufacturer in anual US

Tariff Cossion production reports over a consecutive four-year period,
appeing last in 1968 (US Tariff Ccssion, 1970). Cuently there is
only one US maufacturer, with an estimted anual production of less th

2.2 million kg.

Aziridine is produced in Euope ¡ hawver, one producer in the Federal
Republic of Gey suspended sales of this chemcal and all deri vati ves
except polyethyleneime in 1973. Ths action was appaently taen as a

resul t of the US Occupational Safety and Heal th Adistration' s inclusion

of aziridie on a list of "occupational cacinogens". Several hundred

thousand kg pe yea of polyethyleneime are presently sold ta the pape

industr¡ thus, smll quantities of aziridine are consu captively in
the maufacture of its derivatives.
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Aziridie has be produced ccrcially in Japan since 1964. Pro-

duction during the period 1970-1974 is estimted to have be 600,000 kg

pe yea; there is curentl y onl Y one producer.

Approximtely 50% of the aziridine produced in the US is polymized to

polyethyleneimne containing less th 1 rr/kg residual monom. Principal

uses for polyethyleneimne are as a flocculant in water treatrnt and in

the textile and pape industries where it is used as a ~t-strengt addi-

ti ve, since i ts cationic nature resul ts in adesion to cellulose caunds
(I:w Chemcal Ccmany, 1966). It has also been used as an adesion pro-
moter in various coating applications and as an interriate in drg, cos-

metic and dye maufacture.

Aziridine is also believed to be used in the production of 2-aziridinyl

ethol and of triethylenerlame (Stecher, 1968) and as an intermediate

and IInanr for oil additive caunds, ion exchage resins, coating resins,

phaceuticals, adhesives, polym stailizers and surfactats (Hawley,

1971) .

ln Japan, aziridine is believed to be used principally in the produc-

tion of polyethyleneime, although it is also us ta produce taurine and

as an intenniate in th production of pesticides and dyestuffs.

2 .2 Occuence

Aziridine is not known to occu in nature.

ln the US, occutional exsure is suject ta Ocpational Safety and

Health Adstration stadads. Thse call for monitaring, control rrthods,
meical sureillance, records an reports and reae tht an Emloyee' s

exsure to aziridine during a 40-hour ~ek not exceed an 8-hour tii-

weighted average of 1 rr/m 3 (0.5 ppn) (US Coe of Federal Relations,
1973) .

ln the Federal Republic of Gey and the Germ D2ratic. Republic
:r exsure ta aziridie is limte to 1 rr/m3 (0.5 ppn), and in the

USSR to 0.02 rrjm3 (Winell, 1975).

2.3 Anal ysis

Several ræthods of anlysis have be describ, includig colori-
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metric estimtion in non-aqueous ræium and in aqueous solution (~5 llg/rn)
by reaction with 4- (4' -nitrobenzyl) pyridine (Epstein et al., 1955;
Preussm et al., 1969) and in air samles (5-10 ppm v/v) (Cramton, 1965;

Salyamn & Popelkovskaya, 1972); and chromtogaphy on silica gel plates

(Sawicki & Sawicki, 1969) and on pape (Fishbin & Cavanugh, 1965).
An automated colorirtric method (Terranova, 1969) , a chramtographic
separation on ion-echage resins (Shiura et al., 1973) and agas

chromtographic method (Di Lorenzo & Russo, 1968) have also ben reported.

3. Biological Data Relevant to the Evaluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity and related studies in animls

(a) Oral admistration

fuuse: Two groups of 18 male and 18 femle mice of the (C57Bl/6x

C3H/Anf)F or (C57Bl/6xA)F strain were given the sam absolute amunt1 1
of 4.64 mg/kg bw aziridine by stomch tub daily fran the 7th to 28th day

of age. Subseqently, the substace was fed at a concentration of l3 mg/kg
of diet thoughout the observation period of 77 or 78 wes. Th total
numrs of mice with tl:nrours were 16/l7 males (15 with hepatoms, l5 with
pulnar tumurs) and l5/l5 femles (ll with hepatoms, l5 with pulmnar

tumurs) of the (C57Bl/6xC3H/Anf)F straini l6/l6 males (9 with hepatars,
1

12 with pulnar tumurs) and ll/ll femles (2 with hepatos, LO with

pulnar tumurs, 2 with lymhoms) of the (C57Bl/6xA)F strain. The
1

numr of hepatams and pulnar tumurs cained was significantly
greater than that in controls (P=O.Ol) for all 4 groups of mice. The

incidences of hepatams in male and femle controls of the tw strains ære

8/79 and 0/87 in (C57Bl/6xC3H/An)F mice and 5/90 and l/82 in (C57Bl/6x
1

AK)F mice. The respetive incidences of lung tuurs were 5/79, 3/87,
1

lO/90 and 3/82 (Innes et al., 1969; National Technical Inforntion Service,

1968) .

(b) Subtaeous and/or intramscular admistration

Suckling mouse: ln groups of l8 male and l8 femle (C57Bl/6xC3H/Anf) F
1

mice and l8 male and l8 femle (C57Bl/6xA)F mice given single s.c.
1
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injections of 4.64 mg/kg li aziridine on the 7th day of age follow by
observation up to 80 v.s, tumurs develope in 7/l8 males (2 1 yrhans,

2 hepatams, 5 pulmnar tuiurs) of the (C57Bl/6xC3H/Anf)F strain and in
16/l8 males (6 lung tumurs) of the (C57Bl/6xA)F strain. One ferle of

1each strain develope a lung tumur. Th total numr of tumurs in males
of bath strains was significantly greater th tht in controls (P=O.Ol)

(National Technical Informtion Service, 1968).

Rat: A group of 6 male and 6 femle stock alino rats, 80- l20 g,
was given twice weely s.c. injections of aziridine dissolved in arachis

oil (total dose, 20 mgjkg li adstered over 67 injections). Five males
and 1 femle develope sarcams at the injection site with 355-511 das.
Of 19 control rats treate with arachis oil, L/LO males develope a sarca
at the injection site (568th day) and 1/9 femles develope a fibran at
the injection site (643rd day) (P-cO. 05 J. Fourteen controls died between

209-676 days. An additional group of 6 male and 6 femle rats received

twice weely s.c. injections of aziridine in water (total doses, l2 and

10 mgjkg li in males and femles, given over 59 injections). One male

develope a tuiur describe as a transi tional -cell cacinan in the kidney
(456th day) and 2 ferles develope sarcans at the injection site (166th

and 447th days) (Walpole et al., 1954).

3.2 Oter relevant biological data

Aziridine is toxic to mice, the Le being 3.93 rr/l (observation
50

tir, lO days) for anims exse for 10 miutes (Silver & McGrath, 1948),

and to rats and guea-pigs, the latter being rrre sesitive. The Le
50

after 3 hours in rats and guinea-pigs was abut 250 rr/l in air; exsure

to 25 mg/l caused deaths with 4-8 hours due to lung injur and necrosis

of kidney tubular epithelium (Canter et al., 1948). Th oral ID was. 5015 mg/kg li in male albino rats (Sm et al., 1941) and the LD by skin
50

contact was l4 mgjkg l: in guea-pigs (Carter et al., 1948). Chges

in bloo vessels, destrction of lyrhatic follicles, necrosis of sr:nnto-

genc epithelium, degeneration in th liver, kidneys and myocdium and

extracapillar glomonephritis have be obsered. Daily inlation in
ai of 0.01 mg/l for 4 hours for 1.5 IInths caused catahal bronchitis,
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dimishig of lymhatic elemts in lymh glands and degenerative changes

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

Abut half of 0.30-0.42 II/kg bv iiC-aziridine adistered intraperi-
toneall y to rats was excreted in the urine. A srll amunt of aziridine
was excreted as such in th urine, but the major portion of the excreted

radioactivity was found as a num of unidentified products. Thee ta
five percent of the activity was exired as CD , and l-3% was exired

2
probaly as aziridine. Raioactivity was widely distributed, with sor

accuulation in the liver, intestines, caecu, spleen and kidneys (Wright

& Roe, 1967).

ln Neurospora crassa, aziridine produced lea mtats, mtats with

non-polarized canlemtation patterns, mtats wi th fOlarized cclemn-
tation patters, non-cæilerting mtats and mutiloc deletions (Ong

& de Serres, 1973). ln Saccharomyces cerevisiae, it induced mitotic

recanination (Zinrm & von Laer, 1967) and gene conversion (Zímnn,

1971) .

ln Drosophila melanogaster it induces bath transmssible translocations

and se-lined recessive lethls (Alexander & Glanges, 1965¡ Srám, 1970) ,

and it causes speific locs mtations in silkrm (Bombyx mori) (Inagaki

& Oster, 1969).

ln baley aziridine induces a high freqency of chlorophyll-deficient

mutations (Nawar et al.., 1971) and a wide distribution of eceriferwn

mutations (von Wettstein et al.., 1968).

When rabbits were inserated with spermtozoa which had ben treated

with aziridine in vitro., only 40% of erryos were viable relative to the

numr of corpora lutea., in capaison to 78% in controls (Nuzhdin &

Nizhnik, 1968).

Acute toxic effects of inled aziridine vapours in ma ære first

reported by Danehy & Pflaum (l938). Cases of accidental exsure to

aziridine and N-ethyl aziridine vapours involving a febrile or afebrile

reaction, conjunctivitis, respiratory tract irritation, oeem and
albumuria have also ben reported (Weightm & Hoyle, 1964). Aziridine
also causes burs on the skin.
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3.3 Observations in ma

No data were available to the Working Group.

4. Coents on Data Reported and Evaluation 1

4 .1 Animl data

Aziridine is carcinogenic in tv strains of mice followng i ts oral
admistration, producing an increase incidence of liver-cell and pulmnar
tumours. Subtaeous injection of single doses in suckling mice produced
an increase incidence of lung tumurs in males. ln one exirnt in

rats it increased the incidence of tumurs at the injection site follCMing

its subtaeous injection in oiL.

4 .2 Hl. data
No case reports or epiderological studies were available to the

Working Group.

ISee also the section, "Animal Data in Relation to the Evaluation of

Risk to Ma" in the introduction to ths volume, p. l5.
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2- (1 -AZIRIDIN) ETOL

l. Chercal and Physical Data

l.l Synonym and trade nams

Chem. Abstr. Re. Serial No.: l072-52-2

Chem. Abstr. Nam: 1 -Aziridineethol

ß-Hydroxy- 1 -ethy laziridine; N- (ß-hydroxyethy 1) aziridine;

hydroxyethyl) aziridine; N- (2-hydroxyethy 1) ethylenime;
ethy 1) ethy lenime; 1 - (2-hydroxyethyl) ethylene

N- (2-

2- (hydroxy-

1 . 2 Chemcal formula an molecular weight

H2C~
N-æ2. CH20H

HC/
2

C4H9NO fuI. wt: 87.1

1. 3 Chemcal and physical propeties of the pure substace

(a). Description: Colourless liqud

(b) Boiling-point: 40-450C at
o

l54-l56 C at 760 mm Hg

f . . d 25Re ractive ln ex: ~

1.9-2.5 mm Hg;
o

69-71 C at l6 mu Hg;

(c) 1. 453 ;
26~ 1.447

(d) Reactivity: Hydrolyses ta give dietholamne
1.4 Techncal products and inuri ties

No data wee available to the Working Group.

2. Production, Use, Occuence and Anal ysis

For lirtt background infonntion on ths setion, se prearle,

p. l7.
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2 . 1 Production and use

2-(l-Aziridinyl)ethol can be prepaed by the addition of aziridine to

ethylene oxide (Wilson, 1949). According to industr sources, it has be

produced carcially, only in the US, since abut 1965. Production by one

carany in 1973 was abut 45,000 kg.

2- (1 -Aziridiny 1) ethol is reported to be used camciall y in the US
in the rrification of latex polymers for coatings, textile resins and

staches. It is also used by maufacturers of rrified cellulose products

such as pape, ~ fibres and fabrics.

It has ben tested as an insect chEmsterilant (Borkovec et al. -' 1968),
but it is not used ccercially for ths purse because of problem

associated with its application to insects, its toxicity and environmental

effects.

2 .2 Occuence

2-(l-Aziridinyl)ethol is not known to occu in nature.

2.3 Anal ysis

Chcmtographic separation on ion-exchange resins (Shia et al.-,

1973) and its detennnation by gas-liqud chrantography (Zager et al.-,
1969) have' been describ.

3. Biological Data Relevant ta the Evaluation

of Cacinogenic Risk to Ma

3.1 Cacinogenici ty and related studies in animls

Subtaeous and/or intramscular adstration

!-use: Thrty 6-8-W2ek old femle ICR/a Swss mice w:re gi ven wel y

s.c. injections of 0.3 m: 2- (l-aziridinyl) ethol in 0.05 TI tricaprylin
for 75 weeks, th duration of th exrirt. After 21 weeks, when the

first tUIur occued, 26 mìce væe alive and ia mice had develope tumurs

at the injection site describe as lymhosarccs (5), fibrosarccs (4)
and an adenosarcam (l). No b.urs at the injection site occured in 30

control mice treated with the vehicle for up to93 W2ekS (Van Duuren et

al. -' 1971).
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3.2 Oter relevant biological data

Single doses of 40-50 mgjkg l: 2- (l-aziridinyl) ethol given intra-

venously to cats caused death in so animls withn 2-4 hours (Zager et
al. ~ 1969).

Single oral doses ranging frcm 125-1000 mgjkg l: produced liver necro-

sis in rats. Oral admnistration of 10 mgjkg bw to rats for 5 days caused

depletion of the bone marow and atrophy of the lymph nodes, thymus and

spleen (Zager et al. ~ 1969).

2-(l-Aziridinyl)ethol induced sex-linked recessive lethls ln

Drosophila melanogaster (Filippova et al. ~ 1967).

3.3 Observations in ma

No data were available to the Working Group.

4. Ccnts on Data Reported and Evaluationl

4. 1 Animl data

2- (l-Aziridinyl)ethol is carcinogenic ln rrce, producing malignant

tumurs at the site of its sutaeous injection in the only available
study.

4.2 Hum data

No case reports or epidemological studies were available to the

Working Group.

lSee also the section, "Animal Data in Relation to the Evaluation of

Risk to Ma" in the introduction to ths volume, p. l5.
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AZIRIDYL BENZCXUlNONE

1. Chencal and Physical Data

1. 1 Synonym and trade nams

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

Chem. Abstr. Nam:

para-benzoqinone
2, 5-Bis (l -aziridiny 1) -3, 6-bis (2-rnthoxyethoxy) -

Benzoqinone aziridine; 2,5-bis (l-aziridinyl) -3 ,6-bis (2-methoxy-
ethoxy) - 2, 5-cyclohexadiene- l, 4-dione; 2, 5-bisaziridinyl - 3, 6-bis-

(methoxyethoxy)quinone; 2 ,5-bisaziridinyl-3 , 6-bis (2-methoxyethoxy)-
quinone; 2, 5-bisrthoxyethoxy- 3, 6-bisethy leneimo- l, 4-benzoqinone;
3, 6-bis ( S-rnthoxyethoxy) -2, 5-bis (ethylenimo) -para-benzoqnone;
2, 5-rnthoxyethoxy- 3, 6-bis (ethy lenimno) -l, 4-benzoqinone

A 139; Bay A 139; Bayer A l39; Bayer E 39; Bayer E 39 Soluble;
E 39 Soluble

1.2 Chemcal fonnla and molecular weight

~ /CH2CH3.O.CH2.CH2.O /N 1

i'CH,H21'N 'O.CH2.CH2.O.CH3

H2C/
C16H22N206 MJl. wt: 338.3

1.3 Chemcal and physical propeties of the pure sustace

(a) Description: Grey needles fran petroleum ether

(b) M2lting-point: 79-80. SoC

(c) Staility: Unstable in water or polar solvents

1.4 Techncal products and imuri ties

No data were available to the Working Group.
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2. Production, Use, Occurence and Anlysis

For importat background informtion on ths section, see prearle,

p. 17.

2. 1 Production and use

Aziridy 1 benzoqinone can be prepaed by the addition of 3, 6-dichloro-
2,5-di(1-aziridinyl)-1,4-benzoginone to the sodium salt of ethylene glycol

monanthyl ether (Farbenfabriken Bayer AG, 1958). It has been produced for

research purses onlYi however, it has reportedly been used clinically
for the treatmnt of hum cancer (Anon., 1959).

Ths chemcal has also been tested as an insect chemsterilant (Crstal
& LaChce, 1963), but it is believed tht problem associated with its
application to insects, its taxicity and possible environmntal effects

have prevented i ts use in ths way on a cocial basis.

2 . 2 Occuence

Aziridyl benzoqinone 1S not known to occu in nature.

2.3 Anal ysis

An autamte colorimetric rrthod using 4- ( 4 ' -ni trobezy 1) pyridine for
the detennation of a numr of aziridine cxunds has been proposed

(Terranova, 1969).

3. Biological Data Relevant to the Evaluation

of Cacinogenc Risk to Ma

3. 1 Cacinogenicity and relate studies in anllls

Intrapeitoneal admnistration

MJuse: Four groups each of 15 mae and l5 fenle 4-6 wek old A/J
mice were injecte with 0.2 ml of an aqueous solution of aziridyl bezo-

quinone 3 ties pe we for 4 ~eks (tatal doses, 0.47, l. 87, 7. 5 and
30 ff/kg l:). The exrimt was teated at 39 weeks and lung tumurs

wee found in 18/29 (62%), 8/22 (36%), l6/25 (64%) and 24/28 (86%) treated

mice, canared with 39.5% and 31.4% of 385 male and 392 feme vehcle-
injected controls. The nurrs of hmg tunurs per nouse were 0.50 and 0.36
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in male and femle controls, comared wi th O. 8, 0 . 4, l. 4 and 2. 9 in the
four treate groups. ln these exrirts aziridyl bezoqone was reported

to be abut 12 tims less potent th uracil mustad on a molar basis

(Shimin et al. -' 1966). (Tuur incidences were signficantly different fran
those in controls (P.(O. Ol) at the lowest and tw highest dose levels.)

3. 2 Oter relevant biological data

Aziridy 1 bezoqinone induced a high freqency of chrarsam abrra-
tions in freshl y-prepared cultures of hum leucoces (Bee & Obe, 1974;
Obe, 1973).

3 . 3 Observations in ma

No data were available to the Working Group.

4. Coents on Data Reported and Evaluation 1

4 . 1 Animl data

Aziridyl bezoqinone 1S carcinogenic in mice following its intra-
peritoneal injection, the only species and route tested, producing an

increase in the incidence of lung tUIurS.

4 .2 Hum data

No case reports or epidemological studies wee available to the

Working Group.

ISee also the section, "Animl Data in Relation ta the Evaluation of

Risk to Ma" in the introduction ta ths volum, p. l5.
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BIS (1 -AZIRIDINY) MJRPHOLlNOPHOSPHIN SULHIDE

1. Chercal and Physical Data

1. 1 Synonym and trade names

Chem. Abstr. Reg. Serial No. : 2l68-68-5

Chem. Abstr. Nam: 4-(Bis (l -aziridinyl) phosphinothioylJrnrpholine

N, NI -Diethy lenemrpholinophosphiothioic diamde ¡ N -' NI -diethy lene-

NI - (3-oxapentathylene) phosphorothoic triamde¡ diethylene oxapeta-
ræthylenethophosphoramde¡ morzid; opspa; N- (3-oxapentamthylene)-
NI, Nil -diethy lenethophosphoramde; thoirpholidophosphoric diethylen-
imde

1.2 Chemcal formla and molecular weight

s
l- Il /CH2
o N - P-N 1
\- L 'CH 2

/N,H 2C CH 2

C8H16N30PS

.ML. wt: 233.2

1.3 Chemcal and physical properties of the pure substace

(a) Description: Whte crstals

(b) M=lting-point: 75-770C

(c) Solubili ty: Slightly soluble in water; ver soluble in bezene,
toluene and hot petroleum ether

(d) Reactivity: Boiling for 1 hour in 1 N Hei leads to a quantitative

release of morpho line with a yield of phosphate limted to LO%,

which indicates tht the morpho line side chain is released TIch

more readil y th are the aziridine rings (Maller & Heidelbrger,

1957b) .

l.4 Technical products and imuri ties

No data were available to the Working Group.

55



2. Production, Use, Occurence an Anlysis

For importat background informtion on ths section, see preale,

p. l7.

2.1 Production an use

Bis(l-aziridinyl)morpholinophosphine sulphide (opspa) ca be prepaed
by the reaction of morpholine with PSCl3 in the presence of triethylamne,

followed by reaction of th product (N-(3-oxapentathylene)-N'-,N"-dchloro-
thophosphoric acidJ with aziridine in the presence of triethylame
(Parker et al. -' 1952).

Opspa has been produced for research purses and has been tested

clinically as an antieoplastic agent (Anon., 1959). It has also be
shown to be effective as an insect chemsterilant (Klasen ?3t al. -' 1968;
Larecque, 1961; Smth et al. -' 1964), but it isbelieved tht problem
associated with its application to insects, its toxicity and fOssible

environmtal effects have prevente its use in this way on a ccrcial

basis.

2.2 Occurence

Opspa is not known to occu in nature.

2.3 Anal ysis

The stadard titration rrthod for the determation of intact aziridine
rings can be used for estimtion of ths chemcal (Heidelbrger & Baum,
1957). For deterations in biological fluids, the procure for the
estimtion of al lating agents based on a colour reaction wi th 4- ( 4 ' -
nitrobezyl)pyridine could be used (Trut et al. -' 1963). With ths

rrthod the limt of detection is less th 1 lJg/ml (Teranova, 1969).

3. Biological Data Relevant to the Evaluation

of Cacinogenic Risk ta Ma

3.1 Cacinogenici ty and related studi~s in anls

Intrapei toneal admistration

fuuse: Four groups each of 15 male and l5 ferle 4-6 æe old A/J
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mice were injecte with opspa dissolved in water 3 tirs per v.ek for 4

wees; anls were killed 39 v.eks after the first injection (total
doses, l. 9, 7.5, 30 and l20 mgjkg b,). Th numrs of suri ving animls
at tht tim were 28, 28, 30 and 24; an II (39%), l6 (57%), 13 (43%) and

20 (83%) of these had develope tumurs, the average numrs of lung tilurs

pe mouse being 0.4, 1. 0, 0.6 and 2.0. ln 385 male and 392 femle vehicle-

injected controls, 39.5% of males and 31.4% of femles develope lung

tumurs, wi th averages of 0.50 and O. 36 lung tilurS per rruse. ln these

expiments opspa was reported to be 125 times less patent than uracil
mustad (Shim et al... 1966). (Tlur incidences were significantly

different frcm those in controls at the highest dose level (P~O. 001) and

at the 7.5 mgjkg b, dose level (P.cO. 02) . )

3 . 2 Oter relevant biological data

Acte toxicities for different spcies have be report; rrnkeys,
dogs and rats were more sensitive to the drg than mice (Sclidt et al...

1965a,b) .

ln mice treated with 14C_ or 3 2p_ lablled opspa, the canpound was

metalized by desulphuration to the corresponding phosphoramde, bis (l-

aziridyl)irrpholinophosphie oxide; and SO was converted to morpholine

and to inorganc phosphate (Mal 1er & Heidelbrger, 1957b). The principal
excretion route was via the urine, in which 50-75% of the radioactivity

appeared during the first 24 hours; only smll amunts were exired as
carbon dioxide or voided with the faeces (Ma 1er & Heidelbrger, 1957a).

'Iice as much morpholine was excreted in the urine after oral as coed

to Lp. admistration of opspa (Heidelberger & Baum, 1957; Maler &
Heidelbrger, 1957b). ln rats, unchaged opspa was foud in trace amounts

only in urine and tumur tissue (Maller & Heidelbger, 1957b).

Adstration 0:E cound SKF 525A (ß-diethylaroethyldiphenyl-

propylacetate) to rats prior to an injection of opsp inited its degra-
dation; thus, increased amunts of unchaged drg apped in the urine,

plasm and liver (Naller & Heidelberger, 1957b).

ln rats there was no evidence of selective localization in norml

or in transplantale tumur tissues. Tissue fractionation studies
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demnstrated tht the major pat of the radioactivity present in liver
and tumur tissue was in the aqueous and lipid fractions; sem material

was bound to proteins, and smll quanti ties W3re found in the crude nucleic

acid fraction (Maller & Heidelbrger, 1957a).

ln ma, absorption of 32P-opspa fran the site of its Lm. injection

was very much faster fran a saline vehicle than frcr a corn oil vehicle.

Excretion was principally via the urine: after 3 days abut 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 norml tissues or in tumur biopsy sarles (Maler
et al. -' 1957).

3 .3 Observations in ma

No data were available to the Working Group.

4. Cots on Data Reporte and Evaluation1

4.1 Animl data

Bis(l-aziridinyl)morpholinophosphine sulphide is carcinogenic in mice

followng its intrapeitoneal injection, the only spies and route teste,

producing an increase in the incidence of lung tuurs.

4 . 2 HlO da ta

No case reports or epidemological studies W3re available to the

Workig Group.

ISee also th section, "Anim Data in Relation to the Evaluation of
Risk to Ma" in th introduction ta ths volum, p. 15.
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2-METHIRIDIN

l. Chemcal and Physical Data

1 . 1 Synonym and trade nars

Chan. Abstr. Re. Serial No. : 75-55-8

Chem. Abstr. Name: 2-Methylaziridine

2-Methy lazacyclopropae¡ methy lethy lenimne ¡ propy leneime ¡

1,2-propyleneime¡ propylenime¡ 1,2-propylenime

1.2 Chemcal fonna and moleclar 'iight

H2C æ-æ3\/ '
N

,

H

C3H7N MJl. wt: 57. 1

1.3 Chemcal and physical properties of the pure substaæ

(a) Description: Colourless, oily liquid with odour like aliphatic
amnes¡ fmis in air¡ flaile

(b)

(c)

Boiling-point: o
66-67 C at 760 mm Hg

-650C

(d)

Mel ting-point:

De . d25si ty: 4
Refracti ve index:

0.802

25~ l.409(e)

(f) Spectroscopy data:

Ham, 1969).

Extensive data have been capiled (Der &

(g) Solubility: Miscible with water¡ soluble in ethol

(h) Volatility: Vapour pressure is ll2 rr Hg at 2üoC,

(i) Staility: Polymrizes easily¡ hydrolyses in aqueous or

hydrochloric acid solutions to give methylethanolame

(j) Reacti vi ty: Reacts wi th carbony 1 counds, qunones and
sulphonyl halides
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1 . 4 Technical products and lluri ties

High-purity 2-iæthylaziridine (inited with soium hydroxide) is

available in the US in 1-55 gallon dr, in l27 kg cylinders and in ta

car or tan trck quantities (Anon., undçited).

2. Production, Use, Occurence and Anal ysis

For Í1rtat background informtion on ths section, see preamle

p. 17.

2. 1 Production and use

2-~thylaziridine can be prepared by the addition of hydrogen chloride

to l-amo-2-propanol to form 2-chloropropylamne hydrocoride, which is

thn treated with sodium hydroxide (Schaefer, 1955). It is rnufactured

comrcially by canining 1,2-dichloropropae with amnia at elevated
terperatures (Dermr & Hart, 1966).

ln 1965 there were tv US rnufacturers of ths chemcal (Dermr &
Hart, 1966); howver, at the present tim, it is maufactured in carrcial

qutities by only one US maufacturer, and separate production data are

not available. According to industr sources, 2-ithylaziridine was

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

2-~thylaziridine is appaently used in the US exclusively as an inter-

meiate, since no evidence was foun of its use in the Ilnomic forme

Reactions wi th ths chencal fall into tw general groups: as a secondar

ame yielding N-sustitute propylene imes in whch the ring is intact
and as a cyclic amne involving ring opeing reactions. Its main use is in

the moification of latex surface coating resins to inrove adhesion.

Polymers moified with 2-mthylaziridine or its derivatives have been use

in the adhesi ve, texile and paper industries, because of the substantive
bonding of imes to cellulose derivatives. 2-~thylaziridine has been

used to moify dyes for spcific adhesion to cellulose, and derivatives

have also ben used in photogaphy, in gelatins and in synthetic resins.
ln the oil additive industr, ths chemcal and its derivatives have been

used as moifiers for viscosity control, high pressure perfonnce and
oxidation resistace. Oter uses have been in flocculants used in petroleum
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refining, as a IOifier for rocket propellant fuels, in fibre IOification

and in imne derivatives for use in hum meicine and agricultural chemcals
(Anon., undated). Its ma use in Japan was probaly in the treatmnt of

pape .

2.2 Occurence

2-M=thylaziridine is not know to occu in nature.

The US Occupational Safety and Health Adistration stadards for

occuational exsure to skin contanants reqire that an erloyee' s
exsure to 2-rthylaziridine not excee 5 m:/m3 (2 ppn) in air (US Code

of Federal Relations, 1973). A simlar theshold limt value has been

estalished in the Federal Republic of Gerry (Anon., 1974).

2.3 Anal ysis

Gas chramtoaphic analysis (Di Lorenzo & Ruso, 1968) , th-layer
chramtography (Sawicki & Sawicki, 1969) and chromtogaphic sepaation of
2-methylaziridine on ion-exchage resins (Sh.a et aL. ~ 1973) have

be describe.

3 . Biological Data Relevant ta the Evaluation

of Carcinogenic Risk to Ma

3. 1 Cacinogenici ty and relate studies in animls

Oral admistration

Rat: A group of 26 mae and 26 femle Chles River m rats, 6 wees

of age, received 20 mg/kg l: 2-rthylaziridine in water by gavage twæ

weely for 28 wes. Twenty-eight tumurs were found with 60 wes in

22/52 animls: 3 glians, 3 ear-duct sqarus-cell cacinans, 2 intestinal

adenocarcinans and 6 leukaeras occued in males; and 10 breast tururs

(mainly adenocarcinoms), 1 glian and 3 miscellaneous tum:mrs (not specified)
occured in femles. ln another group of 26 male and 26 ferle rats given

LO IT/kg l: for 60 wes, 45 tumurs ~re found in 37/52 anls: 4 glicms,

3 ear-duct squs-cell cacinans, 2 intestinal adenocarcinoms, 4

leukemas and 4 miscellaneous tumurs (not specified) occured in males;
and 20 breast tumurs, 2 glians, 3 ea-duct sqaius-cell cacinams and
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3 miscellaneous tumurs occurred in femles. One pi tui tar adenom was

observed anng 6 male and 6 femle controls killed after 61 weeks (Ulland

et ai.~ 1971).

3 .2 Oter relevant biological data

The toxicity of 2-methylaziridine is simlar to that of aziridine. ln

rats, the oral LD has ben reported to be 19 m:/kg &¡ their eXfsure by
50

inhalation to 500 ppn (1.2 m:/l) in air for 4 hours resulted in the death

of most animls (Cater et al. ~ 1948).

3 .3 Obserations in ma

No data were available to the Working Group.

4. Ccmts on Data Reported and Evaluation 1

4.1 Animl data

2-M2thylaziridine is carcinogenic in rats following its oral admnistra-

tion, th onl y speies and route tested, producing a variety of malignant

tumurs.

4.2 Hum data

No case reports or epidemological studies were available to the

Working Group.

1 See also the section, "Animl Data in Relation to the Evaluation of

Risk to Ma" in the introduction to ths volum, p. 15.
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TRS (AZIRIDIN) -para-BENZQdUINE

l. Chemcal an Physical Data

1.1 Synonyn and trade nams

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

Chem. Abstr. Nam:

1,4-dione
2,3, 5-Tris (l -aziridinyl) -2, 5-cyclohexadiene-

l, 1 ' l" - (3, 6-Dioxo- l, 4-cyclohexadiene- l, 2 , 4-tri Y l) trisaziridine;
'lIB; triaziquinone; triaziquone; triethyleneimobezoqinone;

triethy lenimobezoqinone; 2,3, 5-triethy lenimo- l, 4-bezoqnone ;
2,3, 5-tris (aziridino) -l, 4-bezogone¡ 2 ,3,5-tris (aziridiyl) -1,4-
benzoqnone ¡ 2,3, 5-tris (1 -aziridiyl) -para-benzoqnone ¡ tris-
(ethy leneimo) bezoqinone; 2,3, 5-trisethy leneimobezoqinone;
trisethyleneimoqinone; 2,3, 5-tris (ethy lenimo) bezoqone ¡
2,3, 5-tris (ethy lenimo) -l, 4-bezogone; 2,3, 5-tris (ethylenimo) _
para-bezoqinone

Bayer 323l; Oncovedex; Prenimn; Rier 601; 10257 R.P. ¡ Trenln

l.2 Chemcal fonnla and moleclar v.ight

o
JI /CH2,.N., ,

1 CH2/CH2N,I
CH2

C12H13N3 O2

Il
o

.ML. wt: 231.2

1.3 Chemcal and physical properties of the pure substance

(a) Description: Pule neeles fran ethyl acetate

(b) tælting-point: l62.5-1630C

(c) Solubili ty: Sparingly soluble in cold water; soluble in
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acetone, bezene, chloroform, ethyl acetate, rrthol and wa
acetic acid

l.4 Techncal products and .iuri ties

Tris (l-aziridinyl) -para-bezoqinone (triaziquone) is available in
dr fonn in amules containg 0.2 rr and as an oily suspesion in
enteric-coate capsules containg 0.5 mg (Blacow, 1967).

2. Production, Use, Occurence and Anal ysis

For i.rtat background informtion on ths section, se preamle,

p. 17.

2 .1 Production and use

Triaziquone can be prepared by the addition of 2,6-dimthoxy-l,4-

bezoqone to aziridine (Gauss & IXgk, 1961). No indication was found
that it is produced in coercial quantities in the US, although it has

been produced for reseach purses. It is maufactured in the Federal

Republic of Gerry.

Triaziquone is use in the treatmt of neoplastic diseases. The oral

dosage varies from 0.5 mg/day to 1 rr/week; the Lv. 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 tururs. Triaziquone has ben gi ven intra-

peitoneally at a dosage of l-4 mg every 4 days, and also intrapleurally

(BlacCM, 1967).

Ths chemcal has been tested in the US as an insect chemsterilant
(Borkovec et al. -' 1968) , but it is believed tht probler associated with

its application to insects, its toxicity and environmtal effects have
prevented i ts use in this way on a ccrcial basis.

2.2 Occuence

Triaziquone 1S not known to occu in nature.

2 .3 Anal ysis

The colorimtric estimtion of triaziquone in urine, bloo and tissue

exacts or hrnenates using 4-(4'-nitrobenzyl)pyridine has been describ
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(Obrecht et al. -' 1967) i an autanted colorirtric ræthod using the sam
canun has also been describ (Terranova, 1969).

3. Biological Data Relevant ta the Evaluation

of Cacinogenic Risk to Ma

3.1 Cacinogenici ty and relate studies in anlils

(a) Intravenous admistration

Rat: Forty-eight male BR 46 rats, 100 days old, v.re injected intra-

venously once weekly with 0.03 irjkg l: triaziquone (7% of the ID ) for 52
50

wees (total dose, 1. 56 mgjkg l:). After 16:!3 months, ll/45 (24%) animls

ha develope malignt t1.urs at various si tes, an beign tUIurs \\re
found in 4/45 anlils. The malignant tUIurS were 5 sacas of the
abanal cavity, 1 lung squs-cell cacinan, 1 liver-cell cacinan,
1 haemgiosarcam of th salivar gland, 1 haemgiosarca of the kidney,
1 ear-duct cacinai and 1 subutaeous sarcan. The begn tuurs \\re

2 adenams of th bronchus and 2 sutaeous fibrans. After 23:!5 months,
4/65 control rats had develope maignant b.miours (3 :r sacas and
1 phaeohranam) and 3 animls had benign b.urs (2 thyms and 1
ma fibram) (Schl & Osswld, 1970). (P~0.02).

(b) Intravenous and intraperitoneal admistration

Rat: Fort y male BR 46 rats, lOO days of age, v.e injecte intra-

venously once weely with 0.03 irjkg l: triaziquone for abut 25 v.s.

Thereafter the sam dose was adnistered intraperi toneall y for another
33 weeks (total dose, 1. 74 mgjkg l:). After 16:!2 months, 8 anls

develope malignt tumurs: 3 abanal sarcas, 1 reticuosarcotosis,

1 myeloid leukema, 1 fibrosarca of the ribs, 1 lung carcincm and 1

carcinam of the kidney. Four anlils had ænign tumurs: 1 an adenæi
of the kidney in addition to a fibrcm of the skin, 1 an adenan of the
bronchus, 1 a fibran of the skin and 1 a thym. Anng 50 control rats,
1 thyr occured with a period of 26 months (Schmähl, 1967).

3.2 Oter relevant biological data

Klamrth & Kopun (197l) reported alkylation of DNA in vitro by
triaziquone.
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ln Saccharomyces cerevisiae, triaziquone increased the gene conversion

freqency by 100 tis as capaed to th spntaeous background at 32%

inactivation (Zirrm, 1971). ln Drosophila melanogaster injected with

triaziquone, the freqency of se-chrcmsor loss and of the formtion of
se-lined recessive leths increase significantly (Mollet, 1973¡ Vogel,

1973). Chcmsan abrrations in eryoblasts resulted in micronuclei in
young pol ychrantic eroctes: in Chnese and Syrian golden haters,

mice, rats and guinea-pigs a dose of 0.062 mg¡kg l: resulted in a 5-10

tims higher freqency of micronuclei th in controls. Simlar results

were obtained with 4 rhesus monkeys injected with 0.062 and 0.125 mgjkg b.

(Matter & Sclnd, 1971) and with ICR mice (von I.ebur & Schrd, 1973).

Lp. injection of triaziquone into male mice (RÖhrborn, 1965) or femle

mice (Machemr & Hess, 1973¡ RÖhrborn & Berang, 1967) resulted in an

increased freqency of danant lethls. Th doses ranged fran O. l25-

0.25 mg¡kg l:¡ these were with the range of the clinical dose.

Hur leucocs treate with triaziquone in vitro shoæd a significant
increase in the freqency of several different tys of abrations (Obe,

1968). The lowst effective dose for the induction of charsan abrra-
-10

tions was 2.8 x lO mol/l (Kauf et al., 1973).

3 .3 Observations in ma

Thee patients, one with an adenoarcinc: of the colon with rrtastases
to th lung, one wi th a ma carcinan wi th rrtastases to the 1 ymh nodes

and one wi th a squs-cell cacinc: of the bronchus wi thout rrtastases,

were treate with triaziquone for 52, l7 and 4~ months, respectively. ln

one case androgens were gi ven also. I.ucopaenia was evident in all thee

cases, and at autopsy, 10 months to 4! years after the end of treatrnt,

atypical reticulum-cell growt describ as "neoplastic reticulosis" ~re
foun in the bone maow, splee and lymph noes (Terbrggen, 1965).

Treatrt of a myosarco with triaziquone for l! years was associate with
the later occurence of a monocic leukaema¡ a cose of radiation had
ben given also (Wildhck, 1970).
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4. Corrts on Data Report and Evaluation1

4. 1 Animl data

Tris (aziridinyl) -para-bezoqone is cacinogenic in rats followg
its intravenous injection and also its intravenous follov by intraperi-

toneal admistration, prcxucing a variety of malignt tururs.

4.2 Hum data

Th four available case reports provide insufficient evidence on

which to assess the carcinogenici ty of ths ccund.

1See also the section, "Animl Data in Relation ta the Evaluation of

Risk to Ma" in the intrcxuction ta ths volum, p. 15.
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TRS (l -AZIRIDINY) PHOSPHlNE OXIE

l. Chemcal and Physical Data

1 . 1 Synonym and trade names

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

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

Aphoxide; APO; EN-249l5; phosphoric acid triethylene imde; TE;
TEA; tepa; triaziridinylphosphie oxide; N,N'-,N"-tri-l,2-ethe-
di y Iphosphoric triamde i triethy lenephosphade; N, N' -' Nil -triethy lene-
phosphoramde; triethy lenephosphoric triamde; N -' N' ,N" - triethy lene-
phosphoric tri amde ; triethy lenephosphorotriamde; triethy lenepyro-
phosphoramde; tris (aziridiny l) phosphie oxide

SK- 3818

l.2 Chemcal forma and irleclar weight

o
H2C, Il CH2
(N- P-N/J

H2C/ l 'CH2
,/N,H2C CH2

C6Hi2N30P

.Ml. wt: l73.2

1.3 Chemcal and physical propeties of the pure substace

(a) Description: Colourless crystals; very hygroscopic

(b) M=l ting-point: 4loC

90-9loC at 23 rn Hg(c) Boiling-point:

(d) Spectroscopy data: The infrared spectr has been reported

(Spell, 1967).

(e) Solubility: Ver soluble in water, ethol, ether and acetone

(f) Stability: Stable in aqueous solution at low temature, but

rapidly degraded by boiling. At an initial pH of 6.8 and
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tematures of 3, 25, 50 and lOOoC, the half-lives of 0.3%

solutions of tris (l-aziridinyl)phosphie oxide (tepa) in te:r of

ime function were ).200, 3l, 7 and .(0.1 days, respctively. The
rate of degradation of tepa was pH-dependent: it was relatively

stale at pH 9 but degaded rapidl y at pH 4 (Beoza & Borkovec,

1964) .

For long-ter storage, tepa has ben suspeded in sesar oil
under unspecified conditions; however, soe degradation was note
after 22 IInth (Thersch, 1957). Storage has reen achieved

using anydrous polyethyleneglycol (Nakabyashi, 1960).

(g) Reactivity: Deccmses in acid solution with the formtion of
aziridine¡ NM spctroscopy revealed other deccmsition products
which were attributed to the opening of aziridine rings rather

than to cleavage of P-N bonds. Duing slower degradation in
alkaline solution, aziridine itself was not observed (Beroza &

Borkovec, 1964). Rig opening has also be observed on reaction

with carboxylic acids (Broc, 1963, quoted in Derrr & Ham, 1969).

1 . 4 Technical prcxucts and imuri ties

No data were available to the Working Group.

2. Prcxuction, Use, Occurence and Anl ysis

For importat background informtion on ths section, see preale,

p.17.

2.1 Production and use

Tepa can be prepared by the addition of aziridine to phosphorous

oxychloride (Bestian, 1950). It has been estimted tht approxitely

400,000 kg of the chemcal were consum in the US in th late 1960' s for
flam-retardant treabnt of milita cotton. Its use in ths application

was termnated when the sole US ccrcial maufacturer discontinued pro-

duction for economc reasons (Lyons, 1970).

Industr sources report that several hundred kg per month of tepa wee

maufactured by one coany in Japan in the late 1960's and ealy 1970's,
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all of whch was appaentl y exrted to the US for use in tetile appli-

cations. Tepa is produced in the Federal Republic of Gey (Chemcal
Informtion 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 anlls

and hums, i t was never extensi vel y used in cancer therapy due to the
discovery of an eqally effective but less toxic sulphur analoge, tris-

(l-aziridinyl) phosphine sulphide (Smth et al., 1964).

Al though tepa was shCM to be effective as a chemsterilant for a

variety of insects (Smth et aL., 1964) , problem associated with its
application to insects, its toxicity and environmtal effects have pre-
vented i ts use in ths way on a carrcial basis.

Tepa has ben used as an acaricide, in the pennent press treatrnt of

cotton (Lyons, 1970), in tetile dyeing, in polymer stailization, as a

photoraphic emulsion hadener (Stecher, 1968) and as a moifier to increase

specific adhesion to cetain sustrates (Denn & Hart, 1966). It has
also been used to imart peDTent flam resistance ta cotton fabrics by
reaction with tetrakis (hydroxythyl) phosphonium chloride (Drake et aL.,

1961) .

2.2 Occurence

Tepa is not known to occu in nature.

2.3 Analysis

A ti tration procedure base on the reaction of the aziridine groups

with thosulphate has be used for the determation of tepa in solution
(Allen & Se, 1955). Colour reactions using 4-(4'-nitrobenzyl)pyridine
have also be used (Epstein et al., 1955; Preussm et al., 1969;

Terranova, 1969). The sepaation of tepa from prepaations of pulverized

insects prior to its detertion by colorirtric procedures has been

achieved by the use of colums containing anydrous sodium sulphate an
silica gel (Collier & Tardif, 1967).

Solvent systems suitale for use in the identification of urinar

metalites by paper chramtogaphy have been reported (Craig & Jackson,
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1955; Nadkar et al., 1957). Th-layer system on plates of silica
gel have been develope; those spots containing aziridine fuctions have

ben identified using 4-(4'-nitrobezyl)pyridine (Beroza & Borkovec, 1964)

an 4-pyridiealdehyde-2-bezothazolylhydrazone and 4-pyridinealdehyde-4-
ni tropheny lhydrazone, sensi ti ve to O. 2 and 1 lJg, respecti vel y (Sawicki &
Sawicki, 1969).

A spectrophotofluorirtric method, suitale for determnations in

0.05-0.2 llgjm boy fluid, has been used ta de termne tepa in the presence

of tris (l-aziridinyl)phosphine sulphide in extracts of biological tissues

and fluids. Separation is based upon the differential solubili ty of these

two phosphoramdes in benzene during the extraction of aqueous sarles

(~llett & Woos, 1960).

NM spectroscopy has proved useful in studies of the degradation

products of tepa. The intact caund has a characteristic doublet signal,
and singlets are not obsered until P-N bonds have been broken (Beroza &

Bôrkovec, 1964).

fure recentl y, gas chrantographic proures have provided rrthods of
anal ysis sensi ti ve to 0.1 ng. Retention tirs for tepa have been reported
(Bown & Beroza, 1970) , and a proceure directly applicable ta rrtholic

extracts of insect tissues has been describ (Seawright et al., 1971).
A useful micro-test (not specific for tepa) , sesitive ta 1 llg, ca be made

by reaction wi th thosulphate in the presence of a mied indicator solution,
follow by the addition of sulphuric acid (Beroza & Borkovec, 1964).

3. Biological Data Relevant to the Evaluation

of Cacinogenic Risk to Ma

3.1 Cacinogenici ty and related studies in animls

Oral admistration

Rat: Six groups of weanling male and feme Fischer rats v;e given

daily doses of O. OOl -0.3 Ir tepa in steid susping vecle* by gavage

*NaCl, Na carboxythylcellulose, Polysorbate 80, bezyl alcoholand
water
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on 5 days pe we for 1 year. Th average suval tis ~re 240 and

500 days for the ~ highest dose groups and 560 days for the other treated

groups. Of 58 treate animls, 34 develope tUIurS: 1 adenocarcinan,

1 fibrosarca and 6 fibroadencms of the rn glan, 10 interstitial-

cell tUIurS and 1 mesothelicm of the testis, 1 fibram and 1 fibrosarcc,

1 lung adenam, 1 hepatam, 2 bronchi adencms, 2 squaius-cell carci-

nans of the ear, 1 skin papillan, 3 1 ymhans, 2 others and 1 basal-cell

carcinam of the lip, whch was the only tuur observed at the area of
application. ln 653 controls, only 56 tuurs were obsered at sites other
th the testis; the incidence of intersti tial -cell tuurs of the testis

was 25/26 in males examned at 600 days; ma fibroadenans wee in-

freqent, being found mostly in old femles (5/160 in rats killed betw
531 and 600 days) (Hadidian et al., 1968).

3.2 Oter relevant biological data

ln rats, th LD by oral admistration ls 37 mg/kg lM (Stecher,
50

1968) and by skin application, 87 rr¡kg lM. ln th rabit, the maimum
tolerated single dose was 5 ir¡kg lM when given intramscularly and

0.5 mg¡kg lM orally (Schmdt, 1954).

After i.p. admistration of 32p-tepa to mice, radioactivity was not

localized selectively in anyof the tissues examed. Duing the first 24
hours after treatmt sa 60-75% of the dose was excrete via the urine,

comed with only 2-5% in faeces. ln urine, 80% of the radioactivity was
identified as inorganic phosphate, the reminder as an inidentified meta-
bolite which could be hydrolysed ta give organc phosphate (Nadami et
al., 1957).

ln rats, 80% of the radioactivity in bloo was associated with haem-

globine Duing the first 24 hours 89-90% of th radioactivity was excreted

in the urine; h~ver, in contrast with the iiuse, 50-70% of the urinar

radioactivity was preset as unchaged tepa (Craig & Jackson, 1955).

The patte of metarlism in dogs is essentially simlar to that
describ for rats. Reovery of unchaged tepa in urine was abut 25-30%

of the dose over the sam periode Tissue distribution studies shaw tht
retetion was unifonny low, with the exception of bone maow in whch
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selective uptae resulted in a concentration six ta te tis tht found
"-

in other tissues (Mellett & WOs, 1960).

Sher rats were treate i.p. with 5-l0 rn¡kg l: on the llth day
of pregancy: the higher doses were taxic to the mothrs and cause sa
foetal resorptions and decreased foetal and placental weight. At doses
tolerate by the mothers may resorptions were observed¡ but, in contrast

with the effects of tris(2--thyl-l-aziridinyl)phosphie oxide, no malfor-

mations were seen (Kimrough & Gaes, 1968). Freshly-prepared suspensions

of 5 mg¡kg li tepa in sesam oil given intramscularly to Wista rats on

the 4th and 5th, 7th and 8th or llth and 12th days of gestation caused

resorption of almst all foetuses (Thersch, 1957).

Tepa induces back-mutations of an auxotrophic strain of Schizosaccharo-

myces pombe (Zetterberg, 1971) , danant lethls in MUsca domestica (LaChce

& Leopold, 1969) and damnant lethls, se-lined recessive lethls and

Y-Il-III chromso transloctions in Drosophila melanogaster (Srám, 1972).

Freqencies of danant lethls wee signficantly increased in the
progeny of male Swiss mice given i.p. injections of tepa at doses ranging

fran 0.156-20 mgjkg li (Epstein et al., 1970). Srâm et al. (1970a) obtained

simlar results in AjL and C57BL/6J mice. CD rats given an i.p. injection

of LO mgjkg bw tepa had chrcrtid abrrations in 87.5% of bone-maow cells

(Adler et al., 1971).

Induction of transmssible translocations has ben found after single
Lp. injections of tepa in male Swss albino (Epstein et al., 1971) and

AjL mice (Srám et al., 1970b). A high freqency of charsor abations
was observed in vitro after treatmt of hum leuco cultures with
tepa (Chg & Klassen, 1968).

The metalism of tepa in ma is simlar ta that describ for miæ

(Nadkar et al., 1959).

3.3 Observations in ma

No data wee available ta the WOrking Gro~p.

80



4. Ccts on Data Reporte and Evaluation

4.1 Animl data

Tris (l -aziridiny l) phosphie oxide produced a low incidence of benign
and malignt tmnurs in rats following its oral adistration, the only

spcies and route tested. The available data are insufficient for evalua-
tion of the carcinogenici ty of this cound.

4.2 Hum data

No case reports or epidemological studies \\re available to the

Working Group.
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TRS (l -AZIRIDINY) PHOSPHIN SULHIDE

l. Chemcal and Physical Data

1 . 1 Synonym and trade names

Chem. Abstr. Re. Seri al No. : 52- 24-4

Chan. Abstr. Nar: l, 1 ' ,l "-Phosphiothoy lidynetrisaziridine

Thiophosphadei thotepai thotriethylenephosphoramde i tri -
aziridinylphosphie sulphide¡ N,N' ,N"-tri-l,2-ethediylphosphoro-

thoic triamde¡ N~N' ,N"-tri-l,2-ethediylthophosphoramde¡ tri-

(ethyleneimo) thophosphoramde ¡ N ~ N' ,Nil -triethy lenephosphorothoic
triamde¡ triethylenethophosphoramde¡ N~N' ,N"-triethylenetho-
phosphoramde ¡ triethy lenethophosphorotriamde ¡ tris (ethy lenimo) -

thiophosphate

Girostan¡ Oncotepa¡ 'IPA¡ Tespame¡ Tho-TE¡ Tho-TEAi
Tifosyl¡ TSPA

1.2 Chemcal fonmla and molecuar weight

H2C, W /~H2
f N-P-N 1

H2C/ L 'CH2
N

H2C/ 'CH2

C6Hi2N3PS

l-l. wt: l89. 2

1.3 Chemcal and physical propeties of the pure sustanæ

(a) Description: Whte, crystalline solid

(b) M2ltig-point: 5L.50C

(c) Solubility: 19 g/lOO ml water at 250C¡ freely soluble in

ethol ¡ soluble in ether, bezene and chlorofonn

(d) Staility: Dilute aqueous solutions (O. l%) are stale foro 0months at terratures J:low 20 C¡ for 45 heurs at 30 Ci for

2 hours in the presence of oxgen, cabon dioxide or light¡ and
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for 30 miutes when exsed ta W- light; boiling for LO miutes

inactivates 35% of the agent (Lidaks et al., 1959). Unstale

at pH 4.2; its destrction is therefore to be excte in the
hum stcch (Mellett & Woos, 1960). ln dilute solution at
pH 1 hydrogen sulphide is release (ti, approx. 3 hours)

2"

(Benckhuijse, 1968).

1.4 Technical products and imuri ties

Tris (l-aziridinyl) phsphne sulphide (thiotepa) is available in 15 :r
vials containing 97-102% active ingredient. It can also be obtained as a

sterile miture for injection containing 1 pat thotepa, 5.3 pas sodium
chloride and 3.3 pats sodium bicarbonate; in ths form, th product contains

95-110% of the lablled amunt of active ingredient (15 rr) and is available

as a pcer in amules (US Phacopeial Convention, Inc., 1970).

2. Production, Use, Occurence and Anlysis

For important background informtion on this section, see preamle,

p. 17.

2 .1 Production and use

Thotepa can be prepaed by the addition of trichlorophosphie sul-
plude to aziridine and triethylame (Kuh & Seeer, 1954). There is only
oneproducer of thotepa in the Unite States, and so production data are

not reported. Industr sources report that one Japaese maufacturer

fornrly produced smll quantities for trial purses. This chemcal ls
maketed as an antineoplastic drg in Belgium and SVden (Société Suisse

de Phacie, 1973).

The only known ccmercial use for thotepa in the US is as an anti-

neoplastic agent, and investigation of its use in the treabnnt of leukaema
ls believed to have be the first trial in cancer therapy research (Shay

et al., 1953). ln 1957 it was listed as a ccnly used alklating agent
for cancer therapy (Endicott, 1957) , but by 1973 only 3 kg were used for

antineoplastic purses ln the US. The most consistent resul ts wi th ths
drg have be obtained ln the treatment of the following tuurs: adeno-
carcinam of the breast, adenocarcincr of the avar, rnlignat lymphors
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(giant follicuar 1 ymha, 1 ymhosarca, reticulum-cell sarcc, Hodgkin' s

disease), bronchogenc cacinan an Wilm' 5 tuur (Meical Ecnancs Co.,

1974¡ Wright et al. -' 1958). Reared initial dosage in adults is 60 mg,
with maintece dosage adjuste ta patient reqerts (Meical Econancs
Co., 1974). Thotepa has also l:en us in caination with rælphalan

(Kremtz & Ryan, 1972).

Thiotepa was teste extensively for use as an inter:iate in the

maufacture of polymric flame retadants for cotton (Reves et aL., 1957) ¡

but it has probaly not ben used cacially in this way in either the
US or the OK.

Thiotepa has been shaw ta l: an effective insect chemsterilant

(Knipling et al., 1968¡ Patterson et al., 1971; Smth et al., 1964;

Whte, 1966) , but problems associate with its application to insects, its

toxicity and environmtal effects have prevented its use in ths way on

a comercial basis.

2.2 Occuence

Thiotepa is not knaw to occu in nature.

2.3 Anal ysis

A variety of procedures are available for the d.tennnation of thotepa
in extracts of boy fluids and tissues. ColoriItric determations using
4-(4'-nitrobenzyl)pyridine have l:en describ (Butler et al., 1967;

Epstein et al., 1955; Klatt et al., 1960; Tan & Cole, 1965¡ Trut et
al., 1963) , and the use of Dragendorff and Nessler reagents has be reported
(Buchkova et al., 1972). Oter rrthods of analysis include a sensitive

spectophotofluorirtric procedure (range, O. 05-0.2 llgjml boy fluid)
(Mellett & WOs, 1960) ¡ paper chramtography (Bater et al., 1960;

Craig et aL., 1959); th-layer chrantoaphy (Benckhuijsen, 1968¡

Mirki & Khlamv, 1965) ¡ titration employing thosulphate (Allen &
Seam, 1955¡ Raine, 1962) or thocanate (Ozolins & Egerts, 1968) ¡ an
electrocemcal procedures (Inin et al., 1968¡ Nangniot, 1966). Th

most sensitive rrthods are gas chromtogaphic technques, capale of
detectig subng quantities, whch wee develope in order to follow the
absorption and retetion of thotepa in insects during studies related to
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th use of the drg as a chersterilant (Bc & Beoza, 1970 ¡ Sewright

et aL., 1971). Ion-ex:chage chrantoraphy procures, whch may be fXten-

tially useful in the identification of irtalites, have also be describ
(Plapp & Casida, 1958). Thotepa may also be assayed by proton magne tic
resonance (Cates, 1973).

3. Biological Data Relevant to th Evaluation

of Cacinogenic Risk te Ma

3.1 Cacinogenicity and relate studies ID animls

(a) Intraperitoneal admistration

MJuse: Thee groups of 20 male an femle Ale mice, 6-8 wes old,
were treated with thotepa in tricaprylin intrapeitoneally thice væekly

for a total of 12 injections. After 24 væs, tatal doses of 19, 47 and

94 mg¡kg l: had produced 0.70, 0.74 and 1.50 lung adenaTs fer Iluse in

ll/20, 20/20 and 16/20 mice, respectively. ln controls, 28% and 20% of

77 males and 77 femles had develope lung tturs with freqencies of

0.24 and 0.20 lung tlurs per mouse. ln these tests thotepa was 20 tis

less active on a molar basis th uracil mustad (Stoner et al., 1973).

(b) Intravenous admistration

Rat: Thotepa was admstered ta 100-day old BR 46 rats at 7% of
th LD (1 mg¡kg l:) once væekly for 52 væeks. Maignant tuurs develope

50
in 9/30 (30%) treated anirls: 2 sarcas of the alanl cavity, 1

lymphosar~, 1 sean, 1 haemgioedothelian, 1 fibrosarcan of the
,

sali var gla.d, 1 sarcom of the ma gland, 1 pheohranan and
1 myelosis¡ 5/30 (17%) had beign tt.urs. ln controls, malignant tumurs

wee found in 4/65 (6%) an.is: 3 sarcas of th ma gland and 1

pheochranam¡ and beign tumurs were seen in 3/65 (5%) animls
(Schm & Osswld, 1970) (P':O. 01).

3.2 Oter relevant biological data

The LD
50

or La. route

in rats was abut 9 mg¡kg l: when given either by the Lv.

(Bone et al., 1962). Th oral ID in mice is 46 IT¡kg l:
50

(Stecher, 1968). Pentobabital given concattatly reduce the ID of
50

thotepa in mice (Muson et al. ~ 1974).
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ln mice, thotepa is rapidly rrtalized to tris (l-aziridiyl)phosphine

oxide (tepa): with 30 minutes only tepa and inorganic phosphate were

detected in the urine an plasm. The mouse is exceptional in its ability

to degade the drg caletely to inorganic phosphate (Craig et al., 1959).

ln rats, thotepa was evenl y distributed thoughout the organs, but

the highest proporton was found in the liver (Craig et al., 1959). Most

of the drg and its principal metalite, tepa, are excreted in the urine

during the first few hours (Bone et al., 1962) , but a ~all fraction of

radioactivity was retained in bloo haerlobin after 9 days.

ln rabbi ts and dogs the main urin rætali te was tepa ,and onl y

trace arunts of inorganic phosphate være found it the urine (Craig et al.,

1959; Mellett et al., 1962).

Thotepa was teratogenic in pregant mice injected intraperitoneally
with single doses of 0.5-30 ffjkg l: on various days of gestation. The

miimum teratogenic dose was 1 ffjkg bw; after admnistration of 10 m:/kg

l: all foetuses were malform (Tanimura, 1968). After rats were given

5 mgjkg bw thotepa, gross developntal abnormlities and skeletal defects

were observed in foetuses (Muhy et aL., 1958).

Thotepa increased the freqency of inerite recessive lethls in

Drosophila melanogaster (Lüers & RDhrborn, 1965). Treatment of mee
CF mice with single Lp. injections of 5 or LO IDjkg bw thotepa induced

a high freqency of dant lethls (Mach & Hess, 1971). Insemation

of ferle rabits with sperm treate with thotepa in vitro led to a high

increase in th freqency of dant lethls (Nuzhdin & Nizhnik, 1968).

Treatrt with this chemcal of cutured hum lymhocyes resulted in a

significant increase in th freqency of chransan abrations (Bohkov &
Kuleshov, 1972; Haml et aL., 1966).

ln ma, 50% of an injection of i 4C-thotepa either intravenously or

locly into th tiur, was excretein the first 6 hours, and by 48 hours

only low levels pesiste (Batem et al., 1960). Absorption of an orally

adrstered dose of 14C-thotepa was variable: less th 1% of the
injecte dose was recovered as unchaged drg in the urine (Mellett et al.,

1962) .
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The major metalite of thotepa, tepa, has also be teste for

carcinogenicity in exrirntal animls (se p. 75).

3. 3 Observations in ma

At least 9 cases of acute leuka (7 myeloblastic, 1 myelcinoc,
1 eryorakocic) have be reporte in patients with malignancies
of the ovar, breast or lung who had been treated with thiotepa for l3-60

months (Allan, 1970; Gafield, 1970; Greenspa & Tug, 1974; Kalow
et al., 1972; Perlm & Walker, 1973; Rufner, 1974; Solann & Firat,

1971; Sypkens-Smt & Meyler, 1970). ln 6 of the cases, thiotepa was used
with oth chemtherapeutic agents and/or radation. Th interval betwee

first admistration of the drg and diagnosis of leukaema was 30-84 months.

The occurence of tw cases of acute leukaema aIng 400 patients with
ovarian cancer describ by Greenspan & Tug (l974) suggests an increased

incidence of acute leukaema among ~n wi th ovarian cancer gi ven chemo-
therapeutic regims whch include thotepa.

4. Coents on Data Reporte and Evaluation 1

4. 1 Animl data

Tris(l-aziridinyl)phosphie sulphde is cacinogenic in mice followg
its intrapeitoneal injection an in rats followg its intravenous injection,

producing a dose-relate increase in the incidence of lung tuurs in mice

and a variety of malignt tuiurs in rats.

4.2 Hl. data

Reports of 9 cases of acute leukera followng previous therapuetic

use of thotepa suggest an association, but they provide insufficient

evidence on whch to assess the carcinogenc risk of this ccund.

1See also th section, "Animl Data in Relation ta the Evaluation of

Risk tD Ma" in th introduction to ths volur, p. 15.
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2,4, 6-TRS (l -AZIRIDIN) -s-TRlNE

1. Chemcal and Physical Data

1. 1 Synonym and trade names

Chan. Abstr. Re. Serial No. : 51-18-3

Chan. Abstr. Nam: 2,4, 6-Tris (l-aziridinyl) -l, 3, 5-triazine

EN 25,296; M-9500; R-246; SK-ll33; 'l; TE; tretae;

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

triethamlame; 2, 4, 6-triethy leneimo- 1,3, 5-triazine; triethy lene-
rælame; 2,4, 6-triethylenimo-s-triazine; 2,4, 6-tris (l' -aziridinyl)-
1,3,5-triazine; 2,4, 6-tris (ethyleneimo) -s-triazine; tris (ethylene-

imo) triazine; 2,4, 6-tris (ethylenimo) -s-triazine

Persistol; Persistol Ho 1/193; Triarlin

l.2 Chancal formula and molecuar væight

CH 2 CH 2/1 I~H2C-N N N-CH2

YuNyN

/N,
H2C - CH2

C9H12N6

M)1. wt: 204.2

1.3 Chemcal and physical propeties of th pue substace

(a) lÈscription: Colourless crystals fran chlorofonn

(b) M=lting-point: l390C (decansition); unstale on heatig, has

no sha rrlting-point, althugh it has ben given a rrltig-point
of l50-l520C with decansition. At L600C, it initially rælts,

th rapidly polymerizes ta a whte solid (Goldenthl et al., 1958).
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(c) Spectroscopy data: Àma 226 nm ln chlorofonn is used ta
identify the corund (Nadkarni et al., 1954). Details of its
infrared spectr are given by Spell (l967).

(d) Solubility: At 260C th solubility in water was 40%; in

chlorofonn, 28%; in methylene chloride, 20%; in methol, 12.5%;

in acetone, 10.6%; in dioxane, 9.6%; in ethanol, 7.7%; in
bezene, 5.6%; in dimthyl cellosolve, 4.9%; in methyl ethyl
ketone, 4. 7%; in ethy 1 acetate, 4.5 % ; in carbon tetrachloride,

3.6% (iVystrach et al.~ 1955).

(e) Stability: Stable at low temperatures, but polyrrizes readily

on heating. An aqueous solution can be kept for several months

at 40C in sealed ampoules without appreciable deccmsition
(Hendr et a L. ~ 1951). Studies at 250C in buffers at pH 7.5,
5. 0 and 3. 0 showed tht there is almst inediate degradation at

pH 3. 0; even at pH 5. 0, degradation was rapid; but at pH 7.5

there was very li ttle degradation even after 24 hours (Beroza &

Borkovec, 1964). Recrystallized fran chlorofonn and stored as a

solid, it has be found to be stale in air at 50C or 250C or

under nitrogen at SoC for at least 48 days; no polym fonntion
was detected. Storage of th solid at 750C led to polymrization

at a rate of approximtely 0.25% pe day (Wystrach et aL. ~ 1955).

1. 4 Technical products and imurities

2,4, 6-Tris (l -aziridinyl) -s-triazine ('l1.) was available in the US in
the fonn of tablets containing 5 mg (.rneical Ecncrcs Co., 1974). ln
Euope i t was also available as 5 mg talets (Bundesverbad der Phan-
zeutischen Industrie, 1974), as enteric-coate talets containing 2.5 mg

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

2. Production, Use, Occurence and Anal ysis

For important background informtion on ths section, see preamle,

p. 17.
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2.1 Production and use

'l1 can be prepaed by the addition of cyanuric chloride to aziridine
(Wystrach et al., 1955).

The sole maufacturer of 'I1 in the US began ccrcial production in

1954 (Council on Drugs of the Amrican rt:ical Association, 1963) i however,

by 1973, less than 1 kg of ths chemcal was maufactured, and according to

the producer its production has been discontinued. ln Euope 'I1 was sold
by at least two coanies, but it has now be withdrawn fran the maket.

It is believed tht TEH has been maufactured in Japan on a labratory scale

for testing as a pharceutical intenniate and as a cross- lining agent.

The onl y known cæircial use for 'l'EH in the US was as an antieoplastic

agent (Anon., 1959). It was reportedly most effective in the treabTnt of

leukaemas, paticular 1 y of chronic 1 ymhocic leukaema and chonic myelo-
cyic leukaema, and of malignant 1 ymhors , especiall y Hodgkin' s disease
and lymphosarcor (Rudles et al., 1958). The recarended dosage \vas

2 .5-5 mg twice weekl y, ini tially for four wes (Anon., 1972).

TEH has also been use in the maufacture of resinous products and

textile finishing agents (Dennr & Ham, 1969), and as a m:ifier for ærtin

adhesives (Dermr & Har, 1966).

It has also been teste as an insect chemsterilant (Snth et al., 1964) 
,

but it is believed tht problem associated with its application to insects,

its toxicity and environmental effects have prevente its use in ths way

on a carercial basis.

2.2 Occurence

TE is not known to occu in nature.

2 .3 Anal ysis

TE can be anal ysed colorimtrically using 4- (4 ' -ni trobenzyl) pyridine
(Epstein et aL., 1955¡ Preussr et al., 1969¡ Trut et aL., 1963).

The aziridine groups present in TE ca be estimted by using an excess
of thiosulphate in an acid solution and back-titratig with base (Beoza &

Borkovec, 1964). An alternative titrimtric method has ben describ by
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Schlitt (1963) using potassii. thocante in rrthol and addig stadard
para-toluenesulphonic acid wi th irtholic KOH as titrant.

TE ca be sepaated by th- layer chantogaphy, e.g., using a
chloroform:acetone solution (1:1), Rf 0.34 (Beroza & Borkovec, 1964).

Alterative syste are describ by Nadkari et al. (1954) using pape

chramtography with eithr n-butaol saturated with 1% ainia solution or

an acetone:water system (3:2 v/v), in whch 'l had Rf values of 0.64

and 0.85, respetively. A numr of additional solvent syste for pape

chramtogaphy and a method for sepaation by ion-exchage chramtogaphy

are describ by the sam authors in a later pape (Goldenthl et al. ~ 1958).

3. Biological Data Relevant to th Evaluation

of Cacinogenic Risk to Ma

3. 1 Cacinogenici ty and relate studies in animls

(a) Skin application

MJuse: Tw groups of LO male stoc albino S mice, 7-9 ~eks old,
were treate with either a single application of 0.24 mg 'l1 (as a 0.08%

solution in acetone) or 15 wely applications of a 0.04% solution of 'Il
(total dose, 1. 8 mg); none of the mice develope skin tl.lirourS during ths
treatm::mt. When anims v.re treate with a single application of 0.24 or

0.5 mg TE and were also given weekly applications of 0.3 ml of a 0.5%

solution of croton oil in acetone for 20 wes, stating 3 v.eks after
the application of '.l, 5/10 and 3/7 suiving mice develope a total of
l8 and 7 skin papillans. Fifte wely applications of a 0.04 % solutiop

of TE (total dose, 1.8 mg) in conjunction with 22 wely patings with
croton oil, the first application stating 3 days after the first appli-

cation of m,i, resulte in the appeance of 22 skin papillan in 7/10

mice suri ving one v. after the last application of croton oil. Croton

oil alone produced 3 tururs in 1/20 controls. Te mice treate with TE

and crotan oil were examned 22-35 v.eks after the croton oil treatmnt

had ended, and 7/10 anls had lung tururs: a total of 63 adencms were

foun. Of 15 control mice treate with croton oil alone for up to 72 weeks,

5 had lung tururs, with a total of 27 lung adenomas (Ro & Salam, 1955).
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(b) Subtaeous and/or intramscular admistration

Rat: Repeated s.c. injections of TE in arachis oil into stock rats
(total dose, LO mgjkg bw) produced local sacams in ll/l2 treated animls,

with an induction tim of 240-450 days. ln an exriment under the sam
conditions using inred Wista rats, 5/12 rats develope local sarcans,

with an induction time of 438-506 dayS¡ 2 of the se animls also develope

hepatams and 2, ovarian tururs. No control data were reporte (Walpole,

1958) .

(c) Intraperi toneal admistration

MJuse: Ten 3-month old male A mice received te doses of 0.0075 mg
TE by Lp. injection on alternate days, and suiving animls ~re killed
100 days after the first injection. Punar adencms occured in 8/l0
treated mice, with an average of 2 tuurs per mouse. Of l5 untreated
controls killed at the sar tim, one had 3 lung tumurs and anothr,

1 lung turur (Hendr et al., 1951).

'Io groups of 9 and 28 virgin femle A mice, 3 Irnths old, were given

single Lp. injections of 0.05 mg 'l.1. or tw injections of 0.05 mg TEM in

o . 1 ml water. Eighteen weeks after the sta of treatrt 7/9 animls

given a single injection had pulmna tururs, with an average of 1.44

tumurs/mouse¡ in the group given tw injections, 24/28 mice develope lung
tururs, with an average of 2.64 tumurs/mouse. Th lung tumur incidence

in untreated control fenles was 3/20 (average, 0.l5 tuurs/mouse) (Shiin,
1954) .

A group of ll3 lO-~ek old ferle RF mice was given 4 i.p. injections

of 1.5 mgjkg lM TE in salin at l4-day intervals. Th average surival

tim was 427 days, caned with 632 days in controls. Of 99 treated mice
suriving 30 days or more, 33% develope thync lymhcms, 53%, pu1na
adencms and 52%, ovarian tururs (not spified), coared with LO%, l5%

and 20% in l12 controls, respectively (Conklin et al. -' 1965). (Thse
results were significant (P-(O.OOl) for all tumur tys: 33/99 versus
ll/ll2 for thymc 1 ymphcms, 52/99 versus l6/ll2 for pulInar adenams
and 5l/99 versus 22/112 for ovarian tururs. J
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3 .2 Oter relevant biological data

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

Followg i.p. admistration ta mice of T. lablled with 14C in the

triazine ring, most of the activity was excreted in urine withn 24 hours;

the principal metablite was cyanuric acid (Nadari et al.", 1954). ln

mice injected intraperitoneally with 9 mg¡kg hw TEH in whch the aziridine

rings were lablled with 14C, abut 70% of the admstered radioactivity

was excreted in urine withn the first 24 hours, and 16 radioactive iæta

lites were found; only one, creatinine, was identified. Followng its i. v.
injection in mice at a dose of 0.8 mg¡kg li or in Osborne-lændel rats at

doses of 0.11 and 0.l3 mg¡kg li, TEH disappeared rapidly fran the bloo:

with 10 miutes the level had fallen to less than LO% of the original
activity (Goldenthl et aL.", 1958).

Thiersch (l957) foun 78% foetal resorption in rats after treatmt

with tw doses of 0.3 mg¡kg hw, and 100% resorption with tw doses of

0.5 mg¡kg bw given on either the 4th and 5th days or the 7th and 8th days

of pregancy. Treatnnt at a later stage (days II and 12 of gestation)

resulted in a lCMer incidence of foetal resorption (16%). 'l produced a

decrease in placental weight, and cranial maformtions w=re observed in

sa suriving foetuses. A single injection of 0.55 rr¡kg lM to rats on
the 12th day of pregancy caused 50% foetal resorption, generally'a decrease

in foetal size and chaacteristic abno:rlities such as sydactylous fore-

paws and sor encephaloceles (Muhy et al.", 1958).

TE1 reacts with the N-7 of guanine in DN (Tansz, 1970). It induces
point mutations in the purle adenine genes (ad-3A and ad-3B) of Neurospora

crassa and interstitial deletions of these tw loci (l-1alling & de Serres, 1969).

l t caused reversions of base-pair substitution mutations in bath Sa lmone L la

typhimurium and Saccharomyces cerevisiae (Brusick & Zeiger, 1972) and

increased the freqency of se- lined recessi ve lethls and chansoms Y,
II and III translocations (Watson, 1964).

TE induces dcmant lethls in mae HA/1eR mice (Thyer & Kensler,

1973) and in T-stoc, (lOlxC3H)F and (SECC57BL)F fere mice (Generoso1 1
et al., 1971) after single i.p. injections of 0.02 or 1.6 m:¡kg bw.
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Induction of dominant lethl mutations has also been found to occu after

its i.p. injection in male rats (Bate, 1960) and in male golden haters

(Lyon & Smth, 1971). A high freqency of transmssible translocations was

found anng the male and ferle offspring of male mice injected intraperito-

neally with 0.64 mgjkg b. and 0.8 mgjkg lM TE (Cattanach, 1957). A signifi-

cant increase in the freqency of morphological spcific locs mutations was

found anng the progeny after i.p. injections of 2 rrjkg l: at 24-hour inter-

vals to parent male (10lxC3H)F mice (Cattanach, 1966). TEl1 also increased
1

the miniber of histocomptibility mutations in BA/c and (BA/cxC57BL/6) F
1

mice after i.p. injection of doses ranging fran 2.4-4.0 mgjkg b. (Kohn,

1973) .

TEH induces chromoso abrrations in cutured hum leucoctes

(Haml et al. ~ 1966).

A patient with acute lymphatic leukema was g:iven mil lablled with
14C in the aziridine ring intravenously at a dose of 2 mg, and, as found in

anl studies, over 90% of the radioactivity disappeared fran the bloo

with 5 minutes. ln a second cacer patient with rrtastasizing epidennl
carcinam, 3 mg of the drg were given ora1ly. ln bath cases 25-30% of the

admistered activity was excreted in urine collected within the first 48
hours after treabuent (Nadkari et al. ~ 1961). Urine from cancer patients

treated with lablled TE contained l4 radioactive rrtablites. Approxi-

mately 8% of the radioactivity excreted in the urine was in urea and creati-

nine; no unchaged drg was detected (Nadkari et al. ~ 1959).

ln a reviewof the literature Sokal & Lessm (l960) found thee cases
in whch TE had been given during pregnancy. Tv had Hodgkin' s disease
and the thrd a subcute 1 ymphatic leukema. Ap frcr a depressed whte
cell bloo count found in one child at birt, there was no evidence of any

adverse effect on th infants at birt in one case nor after 5 or 7 years

of age in the other tW cases.

3.3 Observations in ma

No data ~re available to the Working Group.
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4. Conts on Data Report and Evaluation 1

4 . 1 Animl data

2,4, 6-Tris (l -aziridinyl) -s-triazine is carcinogenic ln mice following
its intraperitoneal injection, producing an increase in the incidence of

ovarian, thymc and lung tinurs. It also acted as an initiator of skin

carcinogenesis. ln rats it produced sarccms at the site of its subutaneous

injection.

4.2 Hum data

No case reports or epidemological studies v.re available to the

Working Group.

1See also the section, "Animl Data in Relation to th Evaluation of

Risk to Ma" in the introduction to ths volum, p. 15.

l02



5. References

Anon. (l959) Cacer. Chemcal and Engineering News, Ocober l2, pp. 53-7l

Anon. (l972) Neoplasr therapy. Phaex, Januar, p. 120

Batem, A.J. (l960) The induction of domant lethl rrtations in rats
and mice with triethylenemlame (TE). Geet. Res., l-, 38l-392

Beroza, M. & Borkovec, A.B. (1964) The staility of tepa and other aziri-
dine chensterilants. J. me. Ch., 7..-' 44-49

Blacow, N.W., ed. (l967) Matindale: Th Exa Phacopoia, 25th ed.,
London, The Phaceutical Press, pp. 83l -832

Brusick, D.J. & Zeiger, E. (1972) A cnarison of chemcally induced
revers ion patterns of Salmonella typhimurium and Saccharomyces cere-
visiae rrtats, using in vitro plate tests. Mutation Res., l4, 27l-275

Bundesverbad der Phazeutischen Industrie (l974) Rote Liste, Aulendorfj
wütt., Editio Cator

Cattaach, B.M. (1957) Induction of translocations in mice by triethylene-
melame. Nature (IDnd.), 180, l364-l365

Cattaach, B.M. (l966) Chemcally induced mutations in mice. Mutation
Res., i, 346-353

Conklin, J.W., Upton, A.C. & Chistenbry, K.W. (1965) Futher observations
on late sotic effects of radiantic checals and X-rays in rnce.
Cacer Res., 25, 20-27

Council on Drugs of the Amrican l-Wical Association (l963) Ne and
Nonofficial Drgs, Philadelphia, Pa , Lippincott, pp. 253-255

Dennr, O.C. & Ham, G.E. (l969) Ethyleneime and orner Aziridines:
Chemstr and Applications, New York, Academc Press

De, O.C. & Hat, A.W. (l966) Ires, Cyclic. ln: Kirk, R.E. & Ot,
D.F., eds, Encyclopea of Chcal 'lhnolog, 2nd ed., VoL. 11,
New York, John Wiley and Sons, pp. 526-548

Epstein, J., Rosethl, W. & Ess, R.J. (l955) Use of y-(4-nitrobezyl)-
pyridine as analytical reagent for ethyleneimes and alklatig
agents. Analyt. Cher., 27, 1435-l439

Geeroso, W.M., Huff, S.W. & Stout, S.K. (l97l) Chcally induced danant-
lethl mutations and cell killing in iruse ooes in the advance
stages of follicular developnt. Mutation Res., ll, 41l -420

103



Goldenthl, E.I., Nadki, M.V. & Smth, P.K. (l958) The excretion of
radioacti vi ty follCMing admistration of tri -C 1 4 -ethylenimo-s-
triazine in nonnl mice. J. PhacoL. ex. 'lr., 122, 43l -441

Haml, K.E., Kobe, B., RÖsch, D., Geharz, H. & Meinig, K.-H. (1966)
The action of cyostatic agents on the chansors of hum leukoces
in vitro (prelimar counication). Bloo, 27, 8l6-823

Hendr, J .A., Hanr, R.F., Rose, F .L. & Walpole, A.L. (l95l) Cyotoxic
agents. III. Derivatives of ethyleneime. Brit. J. PhacoL.,
§., 357-410

Kohn, H.I. (1973) H-gene (histoctibility) mutations induced by
triethylenemlame in the mouse. l1utation P.es., 20, 235-242

Lyon, H.F. & Smth, B.D. (l97l) Species ccarisons concering radiation-
induced domant lethals and chansan abrrations. Hutation Res.,
ll, 45-58

Malling, H.V. & de Serres, F.J. (1969) Geetic analvsis of triethvlene
rrlame induced purle adenine mutats (ad-3) in Neurospora crassa.
ln: Starr, R. C., ed., Proceedgs of the International Botanical
Conference, NY, Hafner Service, p. 139

Meical Economics Co. (1974) Physicians' Desk Reference, 28th ed. ,
Oradell, N.J., pp. 872-873

Murphy, M.L., Del Moro, A. & Lacon, C. (l958) Th coative effects of
f ive pol yfunctional alk lating agents on the rat fetus, wi th addi tional
notes on the chick erryo. An. N. Y. Acad. Sci., 68, 762-782

Nadkari, M.V., Goldenthl, E.I. & Smth, P.K. (l954) The distribution of
radioactivity follawing admistration of triethylenimo-s-triazine-C14
in turr-bearing and control mice. Cancer Pes., l4, 559-562

Nadki, M.V., Tram, E.G. & Smth, P.K. (l959) Prelimar studies on
the distribution and fate of m1, TEA and myleran in the hum.
Cancer Res., 19, 7l3-718

Nadkari, M.V., Tram, E.G. & Smth, P.K. (l96l) Excretion and distribution
studies with radioisotope-labled alklating drgs in cacer patients.
Cancer, l4, 953-956

Preussm, R., Schneider, H. & Epple, F. (l969) Untersuchungen zum
Nachweis alk lierender Agentien. II. De Nachweis verschiedener
Klassen alklierender Agentien mit einer lbdifikation der Farbreaktion
mit 4-(4-Nitrobezyl)pyridin (NBP). Arzneimttel-Forsch., 19, 1059-1073

Roe, F.J .C. & Salam, M.H. (l955) Fuer studies on incæilete cacino-
genesis: triethylene rrlamne (TE), l,2-bezanthacene and ß-propio-
lactone as initiators of skin tuiur formtion in the lluse. Brit. J.
Cancer, ~, 177-203

104



Rudles, R.~iJ., Conrad, E.V. & Willard, N.L. (l958) Surrmary of results
obtainEr with TE. An. N. Y. Acd. Sci., 68, 926-936

Schlitt, R.C. (l963) Assay of aziridinyl counds. Analyt. Ch., 35,
l063- 1064

Shiin, M.B. (1954) Pulmnar tumr induction in mice with chemcal agents
used in the clinical maagEment of lymhans. Cacer, 2, 4l0-413

Smth, C.N., Larecque, G.C. & Borkovec, A.B. (l964) Insect chemsterilants.
ln: Smth, R.F. & Mittler, T .E., eds, Anual Review of Èntamlog,
VoL. 9, Palo Alto, California, Anual Reviews Inc., pp. 269-284

Sokal, J.E. & Lessm, E.M. (1960) Effects of cancer chemtherapeutic
agents on the hum fetus. J. Amr. me. Ass., l72, 1765-l77l

Spell, H.L. (l967) The infrared spectra of N-substituted aziridine canunds.
Analyt. Chem., 39, 185- 193

Stecher, P.G., ed. (l968) Thel-rck Index, 8thed., Ray, N.J., H2rck &
Co., p. l073

Thayer, P.s. & Kensler, C.J. (1973) Geetic tests in mice of caffeine alone
and in caination with mutagens. Toxicol. appl. PhacoL., 25, l57-l68

Thersch, J.B. (l957) Effect of 2,4,6-triarno-"S"-triazine (TR), 2,4,6-
"tris" (ethylenimo) -"S"-triazine (Tf1) and N~ NI ~ N"-triethlenephos-
phoramde (TEA) on rat li tter in utero. Proc. So. ex. Biol. (N . Y .) ,
94, 36-40

Tcmsz, M. (1970) Novel as say of 7-alkylation of guanine residues in DNA
application to nitrogen mustard, triethylenerlarne and mitorcin c.
Biochi. biophys. acta, 2l3, 288-295

Trut, R., Delacoux, E., Brule, G. & Bohuon, c. (1963) Dosage des agents
alcoylants dans les milieux biologiques. H§thode utilisant la réaction
colorée avec la y- (nitro-4-bezyl) -pyridine en milieu alcalin.
Clin. chi. acta, ~, 235-245

Walpole, A.L. (l958) Carcinogenic action of allatig agents. An. N.Y.
Acad. Sci., 68, 750-76l

Watson, W.A.F. (1964) Evidence of an essential difference between the
genetical effects of mono- and bi -functional allating agents.
z. VererbungsL., 95, 374-378

"Wstrach, V.P., Kaiser, D.W. & Schaefer, F.C. (1955) Prepaation of ethylen-
imne and triethylenemlame. J. Amr. chem. Soc., 77, 59l5-5918

105





TRS (2-ME 1 -AZIRIDINY) PHOSPHIN OxrDE

l. Chemcal and Physical Data

1. 1 Synonym and trade nars

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

Chem. Abstr. Nar: l,l' 1 "-Phosphiylidynetris (2-rrthyl) aziridine

Ð.f 50,003; MAPO; rrtapoxide; rrtepa; rrthphoxide; rrthyl

aphoxide; tris(methylaziridinyl)phosphine oxide; tris (rrthyl-l-

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

oxide; N~ N' ~ Nil-tris (l-rrthylethylene) phosphoramde; tris (l-mthyl-
ethylene) phosphoric triamde

1.2 Chemcal formla and rrlecar ~ight

H3C H Hi CH3"l 0/C Il /C
J'N-P-N (

H2C/ L 'CH2
/N,H2C-C-H

'CH3

C9H18N3 OP

.ML. wt: 2l5.2

1.3 Chemcal and physical properties of the pure sustance

(a) Description: .Ar-coloured liqud

(b)

(c)

Boiling-point:

Density: d¡5

Refracti ve inex:

o
90-92 C at 0.3 mm Hg; o

l18 C at 1 nI Hg

1. 079

25~ 1.48(d)

(e) Solubility: Miscible with water and organic solvents

(f) Staility: Stale in alkline solutions, e.g., the ti for

50% hydrolysis in 1 N alkali is ). lOO hours. Hc:ver, in acid
solution it is unstale and is rapidly destroyed. Even at a pH

of 5.5-6. 0 ti is abut 6 hours, the ma product being phosphoric
:2
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acid (Plapp et al., 1962). A 0.3% aqueous solution at pH 7.05

will deccmse slowly (ti, ~200 days at 30C, 72 days at 250C,o 2: 0
16.5 days at 50 C and ~O. 1 days at lOO C) (Beroza & Borkovec, 1964).

1.4 Technical products and imuri ties

Tris (2-methyl - 1 -aziridinyl) phosphine oxide (metepa) is available
ccmrciall y in the United States in quar, and in 1-, 5- and 55-gallon

containers. Ccmrcial material contains a miimum of 92 % metepa, as

determed by a reactive ime assay, and no more than 0.5% volatile

material (Anon., undated).

2. Production, Use, Occuence and Anlysis

For imrtant background informtion on ths section, see preamle,

p.

2. 1 Production and use

M=tepa can be sythesized by the addition of phosphorous oxychloride

to 2-rrthylethyleneime in alkaline rrum (Parker et al., 1952).

A US producer first reported ccmrcial production of ths chercal

in 1961 (US Tariff Ccssion, 1962), and in 1972 tv maufacturers reported

production of an unpublished quantity (US Tariff Cæission, 1974). l-12tepa

is produced by one French cany (Chercal Informtion Serices, Ltd, 1975)

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

M=tepa is appaently used in the US exclusively as an intennediate, as

a cross-lining agent for pait, textile and adhesive polymers containing

active hydrogen sites (such as carboxyl, phenol, sulphhydrl, amde and
hydroxy 1 groups). Otr possible uses are as a cross- lining agent for

textile pigmt print system, rur, plastics and wash-and-V,ar cotton

clothng (Anon., undate).

M=tepa is an effective insect chEmsterilant (Borkavec et al., 1968;

Keiser et al., 1965; Guye et al., 1965; Smth et al., 1964; Tbppzada

et aL., 1966) , but it is believed tht problers associate with its appli-

cation to insects, its toxicity and environmtal effects have prevented

i ts use in this way on a corcial basis.
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l"tepa has also been teste as an antineoplastic agent (Goidge
et al., 1963), but it is probaly not used for ths purse.

2 . 2 Occurence

l"tepa is not known to occur in nature.

2 . 3 Anal ysis

Gas chromatographic procedures capable of detecting 1 ng have been

develope (Bowman & Beroza, 1966, 1970), based on the use of a flam-photo-

metric detector, which is highl y sensi ti ve to phosphorous-containing

canpounds. Ths typ of analysis is paticularly useful in biological
expriments: for instace, a simle methanol extract of insect tissue can

be assayed directly, without prelimar purification.

Oter less sensi ti ve anal ytical procedures include the reaction of
aziridine groups wi th thosulphate in acid solution and back-ti trating
wi th base. A method using a potassium thiocanate: para-toluenesulphonic
acid solution to ope the aziridine ring has æen describ (Schlitt, 1963);
it is claÍl to be faster and more easily perforr th tht using
thosulphate. Sanles containing metepa have also been assayed in chloro-

form with stadard perchloric acid in the presence of an excess of tetra-

butylarnium iodide (Jay, 1964).

A thn-layer chrantographic separation system has been develope,

applicable to the sepaation of metepa and its intermiates, using silica

gel plates, in whch the spts are detected colorimtrically using a system

selective for aziridines. l'1R spectranetr for analysis and a colorimtric

method for the microdetection of rrtepa in colun eluates (limt, 5 llg)

are also describe (Beroza & Borkovec, 1964). l-tepa ca be separate frcm

phosphoric acid and the di-or, irno-acid intei:iates by sol vent paition

(Plapp et al., 1962).
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3. Biological Data Relevant to the Evaluation

of Cacinogenic Risk to Nan

3.1 Cacinogenicity and related studies in animls

Oral admistration

Rat: Thee groups of 20 male Sherm rats, 5-6 wes of age, were

given metepa in water by gavage in doses of 0.625, 2.5 and 5.0 rr/kg b./

day for 422, 422 and l55 days. After 422 days, 15 controls an 19, 9 and

8 treated rats were still alive in the respective dosage groups. Thee

lymphatic leukaemas occued in the group given 2.5 rr/kg b./day¡ and in

the group given 5 rrjkg bw/day, 2 lymphatic leukaemas, 1 choroleukaema
and 1 astrocam occured. The first animl ta develop leukaema was 7

rrnths old at the tim of death. Tuurs in the control and lCMest dose

groups were not reported ¡ the spntaneous b.ur incidence in ths colony

was reported to be low (Gaines & Kirough, 1966).

3 .2 Oter relevant biological data

The oral ID 's in male and femle rats were report ta be 136 and 213
S 0

mgjkg bw (Gaines, 1969). The no-effect level in male rats over 84 days

was 2.5 rrjkg bw/day given by stoch tub. ln mice, the oral ID was
50

292 mgjkg bw, the ID followg skin application, 375 ir/kg b. and the s.c.
S 0

ID ,140 mgjkg bw (l'laehashi, 1970).
S 0

Two male white mice Vore injecte intrapeitoneally with 100 mgjkg bw
32P-mtepa. Unchaged rrtepa was found as the major radioactive cxnent

in the bloo during the first 2 hours after treatit but had almst dis-
appeed after 6 hours. J're th half of the radioactivity was excrete

in the urine in the first l2 hours after treatmt: unchged irtepa and
phosphoric acid were the principal lablled canponents. The mice died 5-8

days after injection (Plapp et al., 1962).

Six ferle rats of the Shern strain Voe injected intrapeitoneally

with 30 ir/kg bw rntepa on the l2th day of pregancy. Fort Y of the foetuses

were resorbe, and l6/43 foetuses Vore barn dead. All the neonates (27 alive
and l6 dead) had malformtions, ectrodactylia being found in aii offspring¡

average birt an placental weights were signficantly reduced. ln a
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separate eximt, daily i.p. injections of 1.25 rr¡kg b. given on days

7-l3 of pregancy cause a significant reduction in foetal and placental
weights. ln rnles, irtepa had a sterilizing effect (Gaies & Kirough,
1966) .

Treatmt of male mice with 0.l56-20 mg¡kg b. rrtepa resulted in a
high freqency of damnant lethls (Epstein et al., 1970).

3 . 3 Observations in ma

No data were available to the Working Group.

4. Coents on Data Reported and Evaluation

4.1 Animl data

ln the only available study, tris(2-rrthyl-l-aziridiyl)phosphine oxide

was reporte to have induced leukaema in rats following its oral admis-

tration. The data are insufficient for evalution of its cacinogenicity.

4 .2 Hmn data

No case reports or epidemological studies ære available to the

Working Group.
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BIS (2-CHROEl) ETR

l. Chemcal and Physical Data

1. 1 Synonym and trade nams

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

Chem. Abstr. Nam: l,l '-Oxybis (2-chloro)ethane

Bis (chloroethy l) ether ¡ bis (ß-chloroethy 1) ether ¡ 1 -chloro- 2- (ß-

chloroethoxy) ethane¡ L' ¡ 2,2 '-dichlorodethyl ether ¡ ß, ß ' -
dichlorodethy 1 ether ¡ dichloroether ¡ dichloroethy 1 ether ¡ 2,2 ' -
dichloroethy 1 ether ¡ ß, ß' -dichoroethy 1 ether ¡ di - 2-chloroethy 1
ether; di (2-choroethy 1) ether ¡ di (ß-chloroethy l) ether; dichloro-

ethy 1 oxide; symdichloroethy 1 ether

Chlorex

l.2 Chemcal fonna and molecuar weight

æ2.æ2ci/
o
'" æ2. æ2Ci

C 4H8C120 MoL. wt: l43

1. 3 Chemcal and physical propeies of the pure substance

(a) Description: A colourless, non-flamle liqud

(b) Boiling-point: l76-l780C at 760 nI Hg;o 0
70 C at 15 nI Hg; 82-83 C at 23 nI Hg

o
66 C at l2 nI Hg;

(c) Mel ting-point: -24.SoC

(d) Desity: d20 1. 213
4

(e) Refracti ve index: 20
1. 457~

(f) Solubility: Miscible with rrst organic solvents¡ insoluble

in water

(.9) Volatility: La volatility
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(h) Staility: HydrlYsed slCMly in aqueous d.thylfonnde at

pH 7 (~300C '5.0xlO-1+ nù _1)

1.4 Teclical products and iruri ties

Bis (2-chloroethyl) ether has be available in the United States in
techical and purified grades. Tyica specifications for the cound
l:lt the ma percetage by weight of acidity (as Hei) to 0.005% and

of water to 0.10% (Lurie, 1965). It has been maketed as an enlsifiable

cocentrate and an aerosol as an ingredient of pesticide products: the

cocetrate has be reported to conta 70% bis (2-chorothyl) ether and

coppe choride (1 % rætallic copper) ¡ the aerosol has been refXrtd to
cotain 1. 25% bis (2-chorothyl) ether fonnlated with ß-butox-ß' -thocano
diethyl ether and pine oil (US Environrtal Protecton Agency, 1974a).

2. Production, Use, Occurence and Analysis

For inrtant background infonntion on ths section, see preale,

p. 17.

2.1 Production and use

Bis (2-choroethyl)ether can be prepared by treating ethylene choro-

hydrin with sulphuric acids¡ by saturatig an aqueous solution of ethylene

chlorohydrin with chlorine and ethylene¡ or by chorinating diethyl ether

(Lurie, 1965¡ Ma, 1971). Bis (2-choroethyl) ether was prepared co-
cially in the US as a by-product in the maufacture of ethylene oxide by

the chorohydrin process.

According to industry sources, approxitely 1.8 nullion kg of the

chemcal were sold by one US capany in 1973 ¡ however, since the cxy
discontinued use of the chorohydrin process at tht tir, bis (2-choro-

ethyl)ether is no longer produced for sale in the US in cacial qutities.

'Io US coies produce bis (2-chlorothyl)ether for use with their aw
plants and arng subsidiaries. One of these caies prouces less th
0.5 million kg anualy for use as a solvent and as a chencal interate

in proprieta prcesses. 'Io US cxies have recently investigated the

feasibility of future production of the chemca1. Bis (2-choroethyl)ether
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is prodce in cxcial quti ties by one coy in Japa; hCMever ,

production volur and trade data have not been reported. This chemcal is

also maufactured in the Federal Republic of Gey (Chemca Infonntion
Serices, Ltd, 1975).

Bis (2-chlo:rethyl) ether has been used as a soil fU1gant, as an
insecticide and as an acaicide (Anon., 1975; us Envi:rrital Protection

Agency, 1974a). It has also been used as a solvent for fats, waxes, greases

and celulose esters; as a soouring agent for texiles (Lurie, ;1965); in

pats, varishes an lacqers; as a pat reiver; i. di cleaning

(Rawley, 1971); and ha been reportedy used as an intenate in the

synthesis of rr:rholine and N -substi tuted ir:rholine cx:rrp:nIDds and of

divinyl ether, an anaesthetic. It can be used ta scavenge lead deposits

in gasoline but appaently has neve found ccrcial use in this way.

2.2 Occurence

Analysis of New Orleans' dring-water confii: the presence of

bis (2-choroethyl) ether at thee different plant sites in ooncetrations of

0.7, 0.l2 and 0.16 llgjl (US Environrta P:rtecion Agency, 1974b). It is
believe that chorine, added to purify the drining-water, may react with

hydrocarbons present in the water ta fonn chlorinated deri vati ves, suc as

bis (2-choroethyl)ether (Ma, 1974).

2 . 3 Anal ysis

Gas chtoraphc rrthod have been develope for the detenation
of 34 fUlgants, includg bis (2-choroethyl) ether, with a detectian limt
of 1 llg (Beck, 1965). Bis (2-chorothyl)ether has be deterec in air

by a colori.tric reaction with quoline (detecton lint, 2 llgjl) or with
pyidine and ali in the presence of ames (detection liit, 0.5 llgj1)
(Tupeva, 1969).
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3. Biological Data Relevant ta the Evaluation

of Carcinogenic Risk ta Ma

3.l Carcinogenicity and related studies in animls

(a) Oral admistration

Mouse: 'I groups of 18 male and l8 fe:le mice of the (C57Bl/6x

C3H/Anf)F or (C57Bl/6xA)F strain were given the sar absolute aiunt1 1
of 100 rrg/kg bN bis (2-choroethyl)ether by stanch tub daly from the 7th
to 28th day of age. Subsequently, the chemca was fed at a cocetration
of 300 mg/kg bw in the diet for 80 weeks. Of the (C57Bl/6XC3H/Anf)F mice,

1
l4/l6 maes develope hepatas and 2/l6, lymhams¡ and 4/18 femles

develope hepata. Of the (C57Bl/6xA)F mice, 9/l7 males develope
1

hepatas and 2/l7, pulna. adenans¡ only 1 lyn was obsered

aIng l8 ferles. The incidences of hepatans in mae and feme controls

of the tw strais were 8/79 and 0/87 in (C57Bl/6XC3HjAnf) F mice and 5/90
1

and l/82 in (C57Bl/6xA)F mice. The incidence of hepatos in male
1

treated mice coed with that in controls was significantly different at
the p= O. OL level (Ines et al., 1969 ¡ National Techical Infonntion

Service, 1968).

(b) Skin application

Mouse: A group of 20 feme ICR/Ha SWiss mice, 6 weeks of age, was
given the highest dose J;ssible with miiml cytotoxic effects (1 mg in
O.l ml bezene) once¡ then the turur prortor, phorbol myristate acetate,

was give at 2.5 llg in 100 lll acetone thice weeky staing l4 days after
the prin treatrt (iæan surival ti1, 459 days). Thee mice develope

papilloms within 604 days, coared with 2/20 controls given phrbol
myistate acetate alone (Van Duuren et al., 1972). (P::0.05J.

(c) Subtaneous and/or intramuscular admistration

Mouse: A group of 30 feme ICRHa Swiss rnce, 6 weeks of age, was
given weely s.c. injections of 1 mg bis(2-choroethyl)ether in 0.05 ml

purified paaffin oil for life (mean surival tim, 656 days). Within

685 days 2 mice had develope sarcos at the injection site. No tururs

ocred in 30 cotrols given 0.05 ml purified paraffin oil alone (mean

surival tim, 643 days) (Van Duuren et al., 1972). (P::0.05J.
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3.2 otr relevant biological data

Acte toxic arunts of the COund rapidly peetrateë the ski of
rabbits and caused death within one day (Sr & Carter, 1948). The
single-dose oral LD for rats ha been reported as 75 ir/kg bw (Sr &

50
Cater, 1948), 105 ir/kg lM (Spector, 1956) or l50 m;/kg bw (Hake &

Fowe, 1967), and for mice and rabbits, 136 rr/kg lM and 126 ir/kg bN,

respectively (Spectr, 1956). Guea-pigs exsed to continuous ination

of 500-1000 p¡: in air died after 5-8 hours frci respiratory injuries

(Schen et al., 1933).

Bis (2-chloroethyl) ether vai;rizes to an irritant gas. Brief exsures

to concetrations abve 550 ppn in the air were irritating to the eyes and
nasal passages of hi. voluntees and were considered intolerable. They

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

3. 3 Obserations in ma

No data were available to the V\rking Group.

.4. Ccmts on Data Rei;rted and Evluation1

4. 1 Anim data

Bis (2-choroethyl)ether produced an increased incidence of liver-cell

tururs in mae nuce of two strais following i ts oral admistration.
Its admistration by the subtaneous route in mice produceë a leM inci-

dence of sarcos at the injection site.

4.2 Hum data

No case reports or epidemological studies were available ta th

oorking Group.

1See also the section, "Anim Data in Relation ta the Evaluation of
Risk to Ma" in the introduction ta ths volum, p. l5.
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æIRACIL

1. Chemca and Physical Data

l. 1 Synonyr and trade nams

Chem. Abstr. Reg. Serial No.: 305-03-3

Chem. Abstr. Nar: 4-(Bis (2-ch1oroethyl) amoJbezenebtaoic acid

4- (para-Bis (2-choroethyl) amophenyl Jbutyric acid¡ 4- (para-bis (ß-
choroethyl) amphenylJbutyric acid¡ y-(para-bis (2-choroethyl)-
amophenylJbutyric acid¡ CB l348¡ chlorobutin¡ chorobutine¡

y- (para-di (2-chorothyl) amophenylJbutyric acid¡ para- (di (2-choro-
ethyl) amophenylJbutyric acid¡ para- (N ,N-di-2-chorothyl) ame-
phenyl butyric acid¡ N,N-di-2-choroethyl-y-para-arphenyl butyric
acid¡ para-N ,N-di (ß-chorothyl) amopheny1 butyric acid¡ NSC-3088¡

phenylbutyric acid nitrogen mus tard

Amchorin¡ Choramophen¡ Chloramophene¡ Elcori1¡ Leukeran¡
Leukersan ¡ Linfolysin

1.2 Chemcal foi:a and m:lecular weight

CICH2.CH2 -~
;N-\CH,oCH2.CH,.OOH

Ci CH2.CH2

C14Hl9Cl2N02 fuI. wt: 304.2

1. 3 Cherca an physical propeies of the. pure substaæ

(a) Description: Fine white cistas with slight odu.

(b) Meltig-pJint: 64-670C

(c) Spetrsoopy data: A 30 llg/ml eth1ic solution of choramucil
ha a rrl optical density of 1. 85 at 258 ru¡ in aquus

solution at pH 7 or m:re, a 30 llg/ml solution of the sodum salt
ha a rnii optical density of 1. 55 at 256 ru (Liford, 1961,

1962) .
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(d) SOlubility: Th free acid is soluble at 200C in 1. 5 pas
eth01, 2 pas acetone, 2.5 pas clorofonn and 2 pas ethy1

acetate (British Phaceutica COex, 1973); soluble in bezene
and ether. Insoluble in water, but readily soluble in acid or

alli. The soum salt is soluble in water (Linford, 1961).

(e) Staility: Aqeous solutions of the sodium salt ungo alkali-

catalysed hydrolysis ta the hydrxyl fon, the reaction reqing
30 miutes at 370C and pH l1. 5; no apprciab1e hydr1ysis taes

place within 24 hours at SoC (Linford, 1961).

(f) Reactvity: Hydrolysis in aqueous and aline solution 1eads

to rep1acet of the chorine ata by OH grups te gi ve the

so-called hydroxyl fonn (Liford, 1961).

l.4 Techical proucts and i.uri ties

Choraruci1 is avai1able in USP grade in the fonn of talets oontaing

2 and 5 mg active ingredient (Budesverbad der phzeutischen Industrie,

1969; Dictionnaire Vida, 1975; Kastr, 1974; Pulom, 1968-69; Steinck
et al., 1969). Chorarucil pader, USP, used te fonnate the tablets,

oontains 98- lOl% clorarucil, calcuated on the anydrous basis. Choram-

bucil tab1ets, USP, conta 93- l07% of the lablled arunt of choramucil

(US Phacopeial Covention, Inc., 1970).

2. Prouction, Use, Occuence and Analysis

For i.rtt background infonntion on this section, see prearle,

p. 17.

2.1 Production and use

Choraruci1 ca be prpaed by hydrogenting the mathyl or ethyl ester
of 4- (pala-nitroplenyl)butyric acid in th presence of a catayst. The
resulting para-aIo analog is treated with ethy1ene oxide fo11ow by

chorination. The resulting 4-(para-bis-2- (choroethy1am)phenylJbutyric
acid este is oonver te the free acid by hydro1ysis with hydrocoric

acid (Everett et al., 1953).
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Althugh choramucil talets have men fonnate an maketed in
the us by one ooy since 1957, all chorarucil used in the us is
i.rted fra the United Kigda. Data on the qutity of ÌIrts are not

available, but it is estirted that total us sales of ths chencal arunt
to less th 20 kg anualy. Choramucil is also prouce in ltay
(Chemcal Infonition Services, Ltd, 1975).

It is used in hur meicine as an antieoplastic agent in the treat-

m:t of malignant diseases suc as ly.ocytic leukena, malignt lym-

phs (includg lyrsarcc), giat follicuar lyn and Hogki' s
disease. The drg is adristered orally in doses of O. 1-0.2 m;/kg li
daly for 3-6 week (Huff, 1974). It has also be tested for use in
Ìlosuppressive therapy of chnic hepatitis (Phlippe et al., 1969) and

of rheumtoid aritis (Bal. & Vaugha, 1969).

Veterinar uses of choramucil are reported ta include treatit of

leukenas an, ta a lesser degee, of solid tissue tuiurs (Stecher, 1968).

It has also be investigate as an insec chensteilant.

2.2 Occurence

Choramucil is not know to occu in nature.

2. 3 Anal ysis

Choramucil ha men detened in bloo by a spectrophtatric
ræth based on its reaction wi th 4- (4 ' -nitrozyl) pyridie (Boy land et

al., 1961). A simlar reaction ca be applied for detennations in variolL

biologica fluids and is sensitive at 5 lIgjrnL. Kozlov & Beshtein (1968)

deteced choramucil at conæntrations greate th 3 lIgjrn in saline
solution by reaction with nicotinic acid and bezidie. The substance ca
also be detened in senu or plas at 2 lIgjnù by diect speophoto-
rætric rrsuremt (Liford, 1962). The pure drg rny be assayed by a

titration ræthod (British Phaco:¡ia Cassion, 1973).
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3. Biological Data Relevant te th Evaluation

of Carcinogenic Risk to Ma

3.1 Carcinenicity and related studies in an.is

(a) Ski application

Mouse: A group of 25 S mice received LO weekly sk applications of

chorarucil, 8 at 0.1% and 2 at 0.05% in rrthol (tatal dose, 2.7 rr) .
Thirty days after the sta of treatrt the mice were painted once weekly

for 18 wees with croton oil. Wh the treatmts overlappe choramucil
and croto oil were applied altentely at 3-4 day interals. six y
contrl mice received 18 weely applications of 0.085-0.5% croton oiL. At

the end of the treatmt ll/19 (58%) mice had develope 30 papilloms (2.7

tururs/iruse), cad with 5/53 controls (1.4 tururs/iruse) (P':O.OOlJ;

7/12 mice had develope l3 pulna: adenoms (1.9 tururs/mouse), but ths

incidence was not statistically higher th tht in cotrols. No malignëit
tururs develope in the 6 treated mice kept for longer periods (Salan &

Ro, 1956).

(b) Intrapei toea admistration
MJuse: Grups of 45-60 A/J mice of bath sexs, 4-6 wee old, re-

ceive i.p. injections of chorarucil in a 1% acacia solution or in tri-

capi:lin thice weely for 4 wees (tota doses, 9.6, 37, 150 and 420 rr/

kg hw) . At 39 wees the nurs of surivors were 38/45, 56/60, 47/60 and

30/60, and of these 18 (47%), 48 (86%), 45 (96%) and 30 (100%) had lung

tururs (aden and adenocacinom); there were 0.6, 1.6, 5.1 and 8. 9
tururs pe iruse, respetively. ln 385 male and 392 fere oontrls

reciving vehicles only, 39.5% mae and 31.4% ferle surivors develope

lung bmours within 39 weeks, the numrs of tururs pe iruse being 0.5

and 0.36. The potency of chlorarucil was reported to be abut l/60th tht

of uracil imta on a nolar basis (Shiin et al., 1966).

Two groups of 25 male and 25 femle Swiss mice, 6 we of age, were

given i.p. injections of 1.5 or 3 mg/kg hw thice weekly for 6 rrnth,

fol1owed by observtion for a furer l2 moths, at which tii th animIs

wei: killed. Lung tururs occued in 22/35 maes and in 20/28 feres.

Lymhosarcc were found in 6/35 maes and 4/28 ferles, and ovaian tUIurs
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were found in LO/28 ferles. ln each case the incidence for each turur

typ was reported to be significantly different from tht in controls

(P,O.Ol - P,O.OOl) (weisburger et al., 1975).

Rat: 'Io groups of 25 male and 25 femle Chrles River CD rats, 6

wes of age, were given i.p. injections of 2.2 or 4.5 rr¡kg bw thice
weeky for 6 ITnths, followed by observation for a furer 12 ITnths, at

which ti. the anims were killed. Lyrhans occued in 8/33 maes, an

incidence significantly different fran tht in controls (P,O. 001). No

increase in turur incidence was reported in ferles (Weisburger et al.,

1975) .

3.2 Oter relevat biological data

The i.p. LD for choramucil given as a suspesion in 0.5% carboxy-
50

ræthylcellulose to adult ferle Wista rats was 23 rrg/k.g li (Chaub et al.,
1967). Hebborn et aL. (1965) reported an i.p. ID of 28 rr/kg bw (acute

50
dose) and an i.m. ID of 5 daly injections of 10 mg/kg li (subcute dose)

50
in adult Holzm rats. Severe bone-marow depletion was produced in rats

by i. p. injections of 15 II¡kg bw chloramuciL. 1. v. admistration to
dogs of 4 m:/kg bw caused severe leucopaenia, van ting and diarrhoea by

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

Application of chloramucil ta the skin of mice caused slight patchy

epidenn hyplasia (Salam & Ro, 1956). Repeated i.p. doses given to
mice resulte in testicular atrophy and decreased spenntoenic activity

in 39 week (Shiin et al., 1966).

FollCMing its i.p. injection into rats, the concentration of choram
bucil in bloo seru was maiml in 15 miutes, and the highest concentra-

tions were foun in the liver, kidney and lungs 15-30 miutes after injec-

tion. The drg was detectable up to 8-l0 hours after its admistration

(Teliceas et al., 1971).

When 8 II/kg bw 3H-choramucil were admistered subtaneously to

Yoshida ascites sarca-being rats, the highest tritium concetration

after 1 hour was foi.d in the liveri 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%. ln the bloo,
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radioacti vi ty was associated mainly wi th the plasm, whch had rn
lablling at 6 hours. Afte 24 hours 60% of the admistered activity was

excrete in the urine, and less than 0.2% was found in the faeces (Hill &

Riches, 1971).

Choramucil binds covalently ta proteins, mainly thugh cabol
groups, bath in vivo an in vitro (Linford, 1962; Stacey et al., 1958).

Allation of DNA also occus in vitro (Stacey et aL., 1958). Incorpra-

tion of radioactivity into the DNA and RN of sensitive and resistat

Yoshida ascites cells was mal 12 hours after s.c. injection of 3H_
choramucil in rats (Hill & Riches, 1971).

This chencal was teratoenic when admistered intraperitoneally ta
rats on the 12th Cly of pregancy in roses of 6, 8, 10 or 12 mg/kg li.

Aboi:lities included exencephly, cleft palate and defo:i appedages,

paws an tai1s. Histological extion showed injui to the nervus

syste, nesenchym and liver (Chub et al., 1967; Mury et aL., 1958).

Choramucil induces point mutations in Esaherichia coli Sd-4-73
(Szybalsk, 1958), nutatic gene conversion in the diploid strain D4 of

Saccharomyces cerevisiae (ZiIm:mnann, 1971) and chonsan abrrations of

the chtid typ in short-term cultures of hum peripheral lyrhoces

(Reves & Magoles, 19 74) .

Jaundice was observed in 3/29 patients treated with choramucil

(Robert et al., 1968).

A wa wh beca pregt while recei ving choramuci1 treatit
(6 mg/Cly) had the pregancy teated at 3! nonth; the left kidneyand

ureter were found ta be absent in the foetus (Shotto et al., 1963). 'I

othr ~ trated with chramucil during pregancy (in one case, lO mg/

day for 2 wes at 4! nonth and 10 m~/day for 4 wes at 5-6 nonth; in

the other cae, 378 mg in 22 days at the 7th Irnth) prouced ccnletely
noi:l infants (So & I.ssm, 1960).

3.3 Obserations in ma

A cae of lTe1annocc leukeia was reported in a patient wh had
receive 4-5 mg/Cly ch10ramucil for 40 nonth for the treatit of chnic
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lymhocyic leukaeia (Catovsky & Galton, 1971). 'I simlar cases of

acute leukena occued in patients with chnic lyric leukaema
who had been treated wi th chorarucil for 2 and 3 years; in addi lion,

one patient had received numrous diagnostic X-rays and other radiation
therapy (Mchedan & Heath, 1970). Individual cases of acute nteloblastic
leukaema (Tulliez et al., 1974) , eroleukeia (Laoche et al., 1972),
reticuumcell saroo (Österberg & Rausing, 1970), lyrsarco (Zittaun

et al., 1972) and transitional-cell cacinan of the bladder (Dale & Smth,

1974) have been report in patients with diseases other th cacer sub-

mitted to treatmts including chorarucil.

4. Cots on Data Reported and Evluation

4. 1 Anim data

Chlorarucil is cacinogenic in mice and rats follCMing its intra-
peritoneal injection, producing lyms in rats and lynosarcos,
ovarian tunurs and a dose-related increase in the incidence of lung tuiurs

in mice.

4.2 Hum data

The available case reports in which leukeia and other tuiurs were
reported to have occured in patients treated with choramucil provide
insufficient evidence ta detenre if thre is an increased incidence of

cace following the therapeutic use of ths dig.
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CYCIPHOSPHADE

l. Chemcal and Physical Data

1. 1 Synonym and trade nais

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

Chem. Abstr. Nai: N ,N-Bis (2-choroethyl) tetrahydr-2H- 1,3, 2-oxa-

phosphorin-2-aIe, 2-oxide ITnohydrate

B 518; 1-bis (2-choroethyl) amo-l-oxo-2-aza-5-oxaphsphridine
ITnohydrate; 2-(bis (2-chlorothyl) aroJ-l-oxa-3-aza-2-phosphqyclo-
hexe 2-oxide rrnohydrate; 2-(bis (2-choroethyl) aIoJtetrahydr
(2HJ-l,3,2-oxazaphosphrine 2-oxide monohydrate; (bis (chloro-2-ethyl)-
amo J - 2-tetrahydro-3 ,4,5, 6-oxazaphosphorine- l, 3 , 2-oxide- 2 ITnohydrate;

N,N-bis (2-choroethyl)-N'- (3-hydroxropyl)phosphorodamdic acid
intrailecuar ester monohydrate; bis (2-choroethy1)phosphoraIde

cyclic propanlamde ester ITnohydrate; N ,N-bis (ß-chorothyl) -N' ,0-
propylenephosphoric acid ester amde ITnohydrate; N ,N-bis (ß-choro-
ethyl)-N' ,O-tr.ithylenephsphoric acid ester diamde irohydrate;
CB-4564; cyclic N' ,O-propylene este of N ,N-bis (2-choroethyl) phos-

phroamdic acid irnohydrate; cyclophsphd; 2-(di (2-choroethyl)
aro J- 1 -oxa- 3-aza-2-phosphacyclohexe- 2-oxide irnohydrate; N ,N-
di (2-chorothyl) amo-N ,O-propylene phosphoric acid ester diaIde

rrohydrate; NSC-2627l

B 518; Clafen; Cyc10phsphadum; Cyclophosph; Cyclophsphe;
Cyclophosphum; Cyphspha; Cy; Endoxa; Enxaa;
En-Asta; Enèbxa R; Endux; Geoxal; Mitaxa; ProcX¡
Sexan¡ Sedoxa ¡ Sedux

l.2 Chenca fonna an irlecuar weight

/CH2.CH2CI
N

C ./ 'CH2.CH2CI

p=o H 01 . 2
NH

C7Hl5Cl2N202P .H20

fuI. wt: 279.l
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l.3 Chencal and physical propeies of the pure substaæ

(a) Description: A fine, white, odour1ess or alist odourless,

c:istalline poder with a slightly bitter taste. If the water of

c:istalization is rerved by high vacuum or dIing agents, it

becaes an oil y, half- liqud mass.

(b) ~lting-ix)Ìnt: 49.5-530C, determed on the substance without

previous dring (British Phacopoia Cossion, 1973)

(c) Spectroscopy data: IR spectr (an -l) 3385 (N-H) (in dichoro-
ethane) (Rauen, 1964)

(d) Solubi1ity: Soluble at 200C in 25 pars of water and in 1 par

of ethol¡ also soluble in bezene, chlorofonn, dioxane and

glyco1s¡ slightly soluble in ether and acetane¡ insoluble in
carbon tetrachloride and carbon disulphide (British Phaoopoia
Carssion, 1973¡ White, 1959)

(e) Stabi1ity: Darkens on exsure to light. Aqeous solutions rny

be kept for a ff2 hours at roa terrature, but hydrolysis occus
at terratures abve 300C, with rerval of chlorine atos

(British Pharmceutical Codex, 1973).

l.4 Technical products and imuri ties

Cyclophosphde is available in the US as a USP grade in the fonn of
talets containing 25 and 50 mg active ingredient, and in a c:istalline

hydrate fonn for injection packged in amules in strengths of 100, 200
and 500 mg ta be adnistered after solution in sterile water (Meical

Ecoomics Co., 1974). Cyclophosphade c:ista1ine hydrate USP, used to
fonnate the tablets and injections, contains LOO:!5% cyclophospharde.

The talets contain 100:!10% of the lablled anunt of cyc10phosphde, and
the injection, a sterile miure with sodum choride, contains 100i5% of

the lablled arunt of cyclophospharde (US Phacopeial Convention, Inc.,

1970) .

ln Eupe, cyclophosphde tab1ets are available in 10 and 50 mg
strengt. The crysta11ine hydrate fonn for injection is available in

amules contaiing LOO, 200, 500 and lOOO mg active ingredient, ta be
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adristered after solution in sterile water (Budesverband der ph_
zeutischen Industrie, 1969; Dictionnaire Vidal, 1975; Pullam, 1968-69).

In Japa, tablets containing 50 mg and amules for injection in lOO,

200 and 500 mg strengths are available (JA, 1973).

2. Prouction, Use, Occurence and Analysis

For irrtt background informtion on this section, see preale,

p. 17.

2.1 Production an use

Cyclophosphde ca be prepaed by treating N ,N-bis (ß-chloroethyl)-
phosphande dichloride with propanolame in the presence of trimthylame
and dioxae (Arold & Bourseaux, 1958).

The major producer of cyclophosphamde is in the Federal Republic of

Gerry. San of th production is exrted to the US, where one a:pay

has fonnlated and maketed the drg since 1959. 'ltal us sales are

approximtely 600 kg anually. Cyclophosphade is alse produced in
Finand and in the OK (Chemcal Infonntion Serices, Ltd, 1975) where

production was estirted to have reached a few hundr kg arualy in the

ealy seventies. Cyclophosphade is also rnketed in Japa.

Cyclophosphde is the nost widely used antineoplastic agent in the
treatit of various neoplastic diseases, including maignant 1 yrans,

mutiple Ilelam, leukemas, Ilcosis fungoides, neurblasta, adenoca-
cinan of the oVal, retioblasta, carcinan of the breast and malignant

neoplas of the lung. It has be used in canintion with other agents

ta trt lyroreticuar and sane other ti.urs (Greewald, 1973;

Livingsto & Carer, 1970). The usual initial dose is abut 10 mg/kg li
daly give intravenously for 2-5 days or 1-5 mg/kg l: daily given orally

(Mecal Ecancs Co., 19 74) .

Cyclophosphde is used in hum niicine as an insuppressi ve

agent in a vaiety of non-malignant diseaes, e.g., rheumtoid artitis,

systemc lupus ei:tosus, Wegener' s granulantosis, polYIosi tis, sclero-
den, uveitis, idiopathic pulinar hersiderosis, glanrulonephitis,
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idiopathc nephotic sycm in children, chnic intersti tial pneurnia,
psoriatic aritis, Becet' s disease, pyodenn gangrensum, nwasthenia

gravis, mutiple sclerosis, idiopathc thcypeic purura, macro-
globulinaema an cioglobulinema in SjÖgre' s syndrom, peigus
vugaris and bullous pegoid (Es sig et al., 1974; Meved & Maell,
1974; O'Donohue, 1974; Rus-Dual et al., 1974; Steinrg et al.,

1972). Reently, patients suffering fran chonic hepatitis have also been

treate with cyclophsphde for long periods of tii (Naccarato et al.,
1974). It is increasingly being used as an inunosuppressive agent follow-

ing organ transplantation (Stazl et al., 1973).

Copeative trials with rny hundreds of patients have been conducted

to test its applicability in rhei.toid aritis, nephotic syncì in
children and systemc lupus eremtasus (Anon., 1974; Copeating Clinics
Cottee, 1970; Macky et al., 1974).

Cyclophosphde ha also been tested as an insect cheisterilant
(Iarecqe & Gauck, 1963). The US Depat of Agriculture ha shawn it

ta be an effective agent for the rerva1 of w:l in the chencal shearing
of sheep, and at the tii of prepaation of this rrnogaph, application had

be made ta the US Foo and Drug Adistration for approva1 of i ts use
in ths way.

2.2 Ocrence

Cyclophosphande is not knaw to occu in nature.

2.3 Analysis

Meths for the detenation of cyclophosphde include: one based

on estiition of nitroen, phosphorous or choride content; colorimtric

analysis, based on the intesity of a cobalt thiocanate-cyclophosphamde

colex or by use of 4- (4 '-nitrobzyl)pyridine after hydrolysis; titri-
rætric analysis, after precipitation of the, digested material by quoline
and citric-rrlybdc acid solution; and infrared spetromtr. The method

with the gratest degree of specificity is infrared spetrcmtr based on
the charactristic stretching freqency of the phosphrous-oxygen bod at

9.5 l. (Boughto et al., 1972).
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A gas- liqud chomtoraphc detenation of cyclophsphde in raw
material, talets and drg-ootag vials ready for injecion has been

reported by Boughto et aL (1972). Under the coditions speified by th

authrs, a chomtoram with thee pes is found: th tw major peaks were

idetified by mass sperotry as intact cyclophsphde (the 90% pe,
with a rrleclar ion of 260 mass units) and as dehydrohlogenated cyclo-

phsphamde (the 9% peak, with a rrleclar ion of 224 mass units). Ducan

et al. (l973) describ a wass speranetric method for studying the dis-

tribution of cyclophosphande in hur tissue and l:y fluids. A concen-

tration of at least 1 l1g/ml of boy fluid was reqred in order to obtain
a low-resolution spectru in which the drg could be recized: the

spectru is characterized by a weak rrlecular ion pe at mie 260, with the

most abundat fragmt ion occuring at nVe 211, correspoding ta loss of
the . CH2Cl radical.

3. Biological Data Relevant ta the Evaluation

of Carcinogenic Risk ta Ma

3.1 Carcinogenicity and related studes in anims

(a) Subtaneous and/or intramcular admistration

fuuse: Tw groups of 10 mae and 10 femle 4-24-week old NZB/NZW

hybrid mice, which develop autoime caplex nephitis, were given daily

s. c. injections of 1 IIjkg l: or 8 m::/kg l: cyclophosphade in saline for
up ta 93 weeks; 20 males and 20 fenles were injected with saline alone
and served as cotrols. Fifty percet of ferle controls had died by the

31st wee of th study, capaed with 41 and 60 weeks for those given the

low and high dose levels. Fifty percet of male cotrols had died by 57

weeks, caed wi th 7l and 80 wees for the treated aninls. Tuurs were
observed in treate males after 60 week of treabrt and in ferles after

40 week. Eight maes and 9 ferles given the highest dose level develope
lyrhoreticuar neoplas toether wi th local tururs, including squus-
cell cacin of the skin, lymhos, a rhalosarcc an unclassified

cutaeous tururs. Pulnai aden wee also observed in 4 mice. Of

mice gi ven the lCM dose level, 3 maes and 2 ferles develope tururs, as

did 2 mae and 1 ferle contrls (Waler & l3le, 1973a,b).
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ln a sin1ar exr.it, 6/l0 high-dose treated feies develope

neoplas, maly 1yroreticuar, after 36-64 wees of treatrt, cced

with 0/l6 controls. The average lifespas were 67 weeks in treated anirls

and 48 wes in controls (Waler & Bole, 1971).

A group of 50 ferle NM mice, 65 days old, received 52 weekly s.c.
injections of 26 mg/kg lM (7% of LD ) cyclophosphde (total dose, 1352

50
rr/kg bw); the average lifespa of treated anirs was 630:1130 days. ln

a control group, 3/46 (6%) mice develope stemce11 leukena; no othr
maignant tuiurs were observed. Of the treated mice, 28/46 (6l%) develope

tUIurS: 3 leukaeras, l2 ma cacinans and 1 other ma tuiur,
4 ovarian carcinas, 1 fibrosarca of the thorax, 1 skin carcinan, 2
carcinom at the injection site and 4 lung tururs (Scl & Osswald,

1970) . (P~O. OOlJ.

(b) Intraperitoneal admistration

Mouse: Four groups of l5 male and 15 fem1e A/J mice, 4-6 weeks of
age, were given i.p. injections of cyclophosphde in water 3 t~s ¡:r
week for 4 weeks (total doses, 449, l44, 36 and 9 rr/kg l:). Of 385 male

and 392 ferle controls receiving vehicle, 39.5% male and 31.4% femle

suri vors develope lung tururs wi thin 39 wees, the numrs of tururs
¡:r nouse being 0.5 and O. 36. Suri vors aIng treated anims after 39

weeks were 4/30, 27/30, 26/30 and 30/30, at the respetive dose levels.

The nurrs of rnce with lung tuiurs were 2 (50%; 2.5 tururs/rruse),
20 (74%; 1.3 tumurs/mouse), 11 (42%; 0.6 tururs/mouse) and l2 (40%;

O. 4 tururs/iruse), respeti vel y . ln the sar exrirt, cyclophosphade
was reported to be abut 380 tims less J;tent th uracil mustad on a

1I1ar basis (Shimin et al., 1966). (The incidence of 1ung tuiurs in

treated rnce was significatly greater th that in controls only for those

given the second highest dose level (P~O.OOl). J

A group of 29 dd mice and a group of 25 A mice of ooth sexs, 4-5

weeks old, received i.p. injections of 5 rr/kg l: cyclophosphde in saline
D'lice weely for l5 successive weeks; 20 and l6 control rnce of each strain
were inject with isotonic saline. All mice were observed until natural

death. 'lurs develope in vaious organs in 12/22 dd mice suriving more
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th 48 wees afte the begining of the treabnt; 3/10 control mice

suri ving beyond the sar period also had tururs. Tuurs developed in
6/l6 A mice suriving rrre than 42 weeks, and in 2/l1 control mice. ln dd

mice, the induce tururs were mainly in the lung, liver, testis and
rn gland; in A mice the tuiurs were in the lungs (p~O. 05) (Tokuoka,

1965) .

Tw groups of 25 mae and 25 ferle Swiss mice, 6 weeks old, were

give thice weely i.p. injecions of 12 or 25 rr/kg lM for 6 months and

were obsered for a furer 12 rrnths, at which tim the an.ils were killed.
Lung tuiurs occured in 7/30 males and in lO/35 ferles, an blaooer

papillcms were found in 4/30 males. The incidences of each turur typ

were statistically greater th those in controls (P,O. 05) (Weisburger et

al., 1975).

Rat: Two groups of 25 male and 25-28 fenle Chrles River CD rats

were given thice weeky i.p. injections of 5 or 10 mg/kg l: for 6 IInths
and were observed for a furer 12 rrnth, at which tim the animls were

killed. Mai: carcin occurred in 9/53 feres an in 1/50 males,

and ma adencms occured in 24/53 femles. The resu1ts were statis-
tically significant in treated femles as ooared with oontrols (P,ü.035)

(w=isburger et al., 1975).

Newborn or preweanling rruse: The carcinogenici ty of cyclophosphade

was cæied with tht of urethane by i.p. admistration of isotanic
saline, 0.8, 4.0 or 20.0 rr/kg l: cyclophosphade or 700 rr/kg l: urethe

to groups of 30 male and 30 ferle Chales River CD-l mice within 24 hours

of birt and agai at 3 and 6 days of age. Mice which died during the study

or were sacrificed at 79 weeks were exed grossly an microscopically.
Urethe was found to be highly cacinogenic, but cyclophosphde was
neither leukaerenic nor hepatocacinogenic. The incidence of pulmnar
adenors was slightly but significatly greater th tht in controls in

maes treated with th rnitnn dose of cyclophospharde (4/27 versus 0/28;

P,O.OS) (Kelly et al., 1974).

(c) Intravenous admistration

Rat: Schl (l967) reported an increased incidence of beign and
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malignant neoplasm in BR46 mae rats, 3 rrths old, given 15 m~/kg l:

(7% of the ID ) cyclophosphde intravenously once weekly for 50 wees
50

and observed until deth. The 40 treated animls received a tota dose of

750 mg/kg b, cyclophosphde, and the average obseration t.i of tururs

wa l8 IInths. Tuurs (9 rnÜ.gnant and 5 beign) occured in 54% (l4/26)

of treated anirs and in 2% (l/50) of control animIs (1 beign) (P,O. 001) .

ln ~ further exriits, 65 control mae rats had incidences of 5% (3/65)

beign and 6% (4/65) maignant tururS¡ and 36 mae rats given 52 weeky

i. v. injections of l3 rr/kg bw cyclophosphde had incidences of ll% (4/36)
beign and l7% (6/36) malignant tururs (P;:0.05J. Male rats given 5 doses
of 33 rr/kg l: every tw weeks had incidences of benign and malignant

tururs of 8% (5/66) and 24% (l6/66), respetively (P'O. OL). The average

observation tir of the tururs in treated rats was 16- l8 ITnths, and that

in controls, 23 IInths (Schmi & Osswald, 1970).

A group of 32 male Sprague-Dawley rats, 3 IInths old, received weekly

i. v. injecions of l3 rr/kg bw cyclophosphade (total dose, 670 mg/kg b,) .

A group of 52 untreated rats served as controls. Malignant tururs devel-

ope in l4/32 treate rats within 5l0:!90 days: there were 3 reticuum-cell

sarcas, 6 haemgioedothelian in various organs, 1 neurogenic sarca
of the ræastinum, 1 sarca of the hea and 1 leukema¡ tw rats had

2 malignant tururs each: one had an osteosarcan of the paanasal sinus

and a pheochc:cy, and the other had an angiosarca of the abom
and a pheohrancyta. Of the cotrols, 6/52 develope rnlignant tum:mrs

within 670:!l50 days: 3 reticuum~ll sarcas, 1 pheoorcyto, 1
haemgiosaroo of th lung and 1 sarco of the kidney (Schl, 1974).
(P,O.OOlJ.

(d) Oter exriita system

Pre- and postnatal exsure: A group of' femle Ilce consisting of
tw inred strais was given i.p. doses of 25 mg/kg b, cyclophsphade

evei: 2 wee over 60 weeS¡ the maim surival was 2 years (tatal dose,
750 rr). Five hepata, l2 lung carcinans and 1 skin carcinan occued

anng 33 Ilce suriving after 60 weeks. During the ex.it thse fanes

Y.re ailowed to breed, and the offspring were either treate with 25 rr/kg l:

cyclophosphde ever 14 days (tota dose, 750 mg/kg lM) or left untreated.
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Of treated maes 16 mice surived 60 wees or irre; 2 develope lung

adenors an 3, lung cacinor. Of treated femles 18 suiived 60 wees

or rrre; 1 develope a lung adenar, 4, lung carcinans, 3, hepatas, l,

a skin cacinan and l, a skin sarcx. ln untreated offspring, lung

adenam occured in 4/l6 maes and in 5/12 femes suriving up to 18
rnth; 1 mae and 2 feres develope hepatas; no lung cacins were

obsered. The incidences of lung adenan and cacinans in untreated
femle and mae mice of these tw strains were reported to be abut 9% and

5% (Roschau & Justus, 1971). (No statistical evaluation was posible.)

3.2 Oter relevant biological data

The single i. v. LD has been refOrt to be l60 rr/k li for rats,
50

400 rr/kg l: for guea-pigs, l30 Il/kg li for rabits and 40 rr/kg li for

dos. The single oral LD is l80 Il/kg bw for rats (Broc & Wilms,
50

1958) .

ln mice, rats and dogs the predont haemtologic effec was leuco-
paenia; so depression of the bone rnow and thes was also noted
ÇWheeler et aL., 1962). A single i.p. dose of cyclophosphde causes a

rnked necrbsis of the bladder and of the tubular and pel vic epi thelium in
mice, rats and dos (Carasso & Berino, 1972; Ross, 1967; Philips et
al., 1961); relatively little dage was obsered in liver (Lavin & Koss,

1971), eve after prolonged admistration (Hegewald & Bäenwald, 1972).

Necrosis of bladder tissue is follCMed by a rapid epithelial regenera-

tion of diploid cells and later by the production of tetraploid, octoploid

and occasional hyploid cel1s (Clayson & Coper, 1969; Loer & Cope,
1970). Cyclophosphde induced abnonn mitoses when it was adristered

to rats .iately after patial hepatectany (Mietkiewski et aL., 1973).

ln rats the drg is rapidly absorbe fro bloo, and the speific activity
in various tissues is highest within the first 20-30 IIutes following its
injection. Up ta 75% of injected radioactivity is excreted in the urine

within 5-8 heurs, and the cafOund is rapidly iætalized (Chanuli &
Sivararishnan, 1969; Graul et aL., 1967; 1Vsieno & Pivnyu, 1968).
The phanoologica properties of cyclophsphde differ in neonatal and
adult ferle Swiss-Webste mice: plas radioactivity in neata mice is
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highest 32 llutes after s.c. inje'?tion of the drg, and its ha1f-life is

8.8 heurs; in adults the half-life of plasm radioactivity is only 1.9

hours (Bu et al., 1973).

Cyclophosphade is net an alklatig agent as such, an it regres

irtalic activation in vitro and in vivo (Brock & Horst, 1963). 'Ie

predant site of its activity is the liver, and its activation depeds
on th hepatic rncrosan mied-function oxidase syste, reqring NAPH

and oxygen (Brock & Hohorst, 1963; Cohen & Jao, 1970; Foley et al., 1961;

Sladek, 1971). Simlar reactions may occu in bone marow, kidney and

tumur tissues (Köndo & Muagishi, 1970).

Oter drgs, such as barbiturates or cortioosteroids, have been found

ta affect cyclophosphde irtablism and may oonsequently alter its toxi-

city and cystatic activity (Har & Adamon, 1969; Sladek, 1972).

InteIiates of cyclophosphade fo.i by the mied-function oxidase

system include aldophosphde, which tautanerizes ta 4-hydroxycyclophs-
phamde and is furer convered by a soluble li ver enzy to caboxy-

phosphamde, the major urinar metablite. Of all identified irtalites,

including 4-ketacyclophosphde, only aldophosphade has alkylating and
cytoxic activity (Bake et al., 1972; Hill et al., 1972; Hohorst et

al., 1971; Sladek, 1973; Strck et al., 1971).

Alterntively, it has been suggested tht cyclophosphde is first

converted into 4-hydroxycyclophsphade, which may then break down by

elimation of acrolein from its tautanric fom, aldophsphde, ta yie1d
phosphoramde rntard. ln capetition with this process, the enzyc oon-

version of 4-hydrxycyclophosphde ta 4-ketacyclophosphde by dehydro-

genation and of aidophospharde to carboxysphde by oxidatian may
occu. On the basis of a bioassay invol ving Waler ttlur cells in whole
anirls, Connors et aL. (1974) have clall tht phsphoramde imstad
fOsses ses the cytaxic properties of the active anti-ttlur irtablite.

Reactive cyclophosphade metabli tes have been shaw to cross- lin

nucleic acids; in vitro and in vivo studies indicate tht the major reac.;

tien site is the 7-position of guine (Cabell, 1968; Wheeler, 1962).
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Cyclophosphde is teratoenic in several species, includig mice,
rats, rabbits and chicks. It proouces a variety of ske1etal, soft tissue

and other mafoi:tions an an increased nurr of resorptions; the typ

and freqency of malfoi:tions are strictly dose- and tii-depedent
(Gibson & Beer, 1968; Kreybig, 1965; Singh, 1971).

Placetal transfer of 1ltC-cyclophosphamde has been deinstrated in

mice (Gibson & Becker, 1971) , and a positive correlation between the alkyla-

tion of er.ionic DNA and production of congenital abnormi ties has been

reported by Mury et al. (l973). A simlar correlation has been found for

nuclear-DNA-depedent RN :plymrases in rat en.ios (KÖher & Merker, 1973).

Reactive cyc1ophosphade metalites were bound to DNA, RN and

proteins isolate fran enryos and li vers of pregant nuce, and the exent
of this binding was found to be m:ified by phenobarbital and by 2-diethyl-

amoethyl-2,2-diphenyl valerate (Mury et al., 1973).

Cyclophosphamde induces point mutations in several genes of Eschenahia

coli 343/ll3 after activation by mouse and rat liver fractions (Ellenrger

& Mohn, 1975). ln a host-iriated as say using rats and mice, point muta-

tions in bacteria (Propping et al., 1972) and nutotic gene conversions in

strain D4 of Saccharomyces cerevisiae (Fahig, 1974) were induced. Urinar

rætalites fram cyclophosphade-treated rats induced mitotic gene con-

versions in Saccharomyces cerevisiae D4 (Siebrt, 1974). Cyclophosphade
induces domant lethl mutations in C3H mice (RÖborn & Vogel, 1967) and

recessive lethal mutations in Muller-5 strain of Drosophila melanogaster

(Bertram & Höhne, 1959). Chrarsane abrrations are inuce in hur

peripheral white bloo cells after cyclophosphamde treatmt with a cu-

lati ve dose of abut 10 g over a period of 6 weeks (Bauchger & Schd,
1969) .

Cyclophosphamde can cause sterility in either sex in ma. It ca

dage gei:al cells in prepubrtal and pubal males (Penso et al., 1974)

and accounts for premture ovarian failure in femes (Uldal et al., 1972).

The predant haemtologic effect of this drg is leucopaenia (Bergsagel

et al., 1968). The reported incidence of cys titis in patients treated with

cyclophosphamde ranges fra 4-36% (Beett, 1974).

145



The distribution of cyclophosphde in th boy an i ts :rtalism

appe te be sirlar in ma and anims (Brock et al., 1971). After its
i. v. injecion the drg is rapidly absorbe from the bloo: in patients
receiving 6-80 rn/kg lM/day of radio-lablled cyclophsphde Lv., the
radioactivity was distributed rapidly ta all tissues: its half-life in

the plas was 6.5 hours; 68% of the injected labl was exrete in the

urine wi thin 4 days; no radioacti vi ty was found in the exired air or in

the faeces (Bagley et al., 1973). Ten to l4% of the drg is excreted

unchanged (Bolt et al., 1961; Cohen et al., 1971); 56% of the reactive

rrtabli tes were bound to plasm proteins. Cyclophosphde and several
of i ts iætabli tes have also be found in bile, nu1k, sweat, saliva,

ærebrospinal fluid an synovial fluid (Ducan et al., 1973; Wiernik &

Duca, 1971). The iætalism of intravensouly adnistered 14C-cyclo-

phsphde an the rate of excretion of its irtalites shCM large indi-
vidual variations (MJuridsen et al., 19 74) .

The drg is Ilst taic ta the hum foetus during the first 3 rrths,
and cogenita aborri ties have been detected after i. v. injection of
large doses to pregant \Ven during ths period of pregcy (Greeng &
Tana, 1964; Toled et al., 1971).

3. 3 Observations in ma

At least 10 cases of malignant tururs have been reported in patients

treated with cyclophosphande for non-malignant disordes, and in 8 of

these it was the only chertherapeutic agent admistered. The condition
oost corrm:mly treated was the nephrotic syndrane, an th duration of cyclo-

phosphde therapy (when stated) was 3-24 rnths with an interal of 2
rrnths ta 3 or rrre yeas between the stat of treatmt and diagnsis of

the turur. The 8 tunurs cxrised 2 caes of reticulumæll sarca
(Fosdick et al., 1969; Tanenaum & Schur, 1974) and one case each of

chnic lyicyic leukera (Fosdick et al., 1969), Hokin' s disease

(Camro et al., 1974), cervical cacer (Basur et al., 1973), malignant

iæ1anan (May et al., 1972), astrocy (Cairon et al., 1974) an g1io-
blasta (Starzl et al., 1973). ln the two other cases a transitional-ce11

carcinan of the bladd (Dale & Smth, 1974) and a reticuumcell sarco

(Worr1edge et al., 1968) develope after cyc1ophosphde and ch10ramucil
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chemtherapy; in the latter case the patient was treated for autairune
haemlytic anaema, which may have æen the first maifestation of the

reticul1.cell sarcom. ln addition, there have been l6 reports of second

prir tUIurS following cyclophosphamde therapy for the treatmt of

malignant diseases; in 6 cases cyclophosphamde was the only chemtherapy

used, and in 5 cases irradiation was also adnistered (Dale & Smth, 1974;
Greenspan & Tug, 1974; Karduner et al., 1974; Mundy & Baikie, 1973;

Okano et ai., 1966; River & Schorr, 1966; Sypens-Smt & Meyler, 1970;

Wort, 1971). The duration of treatmt with cyclophosphade in these

cases was from l-48 rrnths or rrre. The 6 second prir tUlurs which
follCMed chertherapy wi th cyclophosphamde alone were 3 carcinors of the

bladder (Dale & Smth, 1974; Worth, 1971), 2 cases of acute leukaema,

bath in myelom patients (Kach et al., 1974), 1 reticuum-cell sarcom

(Mudy & Bakie, 1973). Two cases of plas-cell reticulosarco involving

non-lynhoreticuar tissues were see in patients with myelom receiving

cyclophosphamde therapy only (Holt & Robb-Smth, 1973) 1.

A curent prospective study of patients wi th non-malignant disorders

and who were treated with irosuppressive drgs (Doll & Kinlen, 1970)

has so far produced no evidence of an increased incidence of malignant

disease in patients treated with cyclophosphamde (Camron, 1975).

1Note by the Secetariat:

Prior ta publication of ths volum an aricle appeared describing
five furer cases of bladder cacer in patients with ltelom or Hodgkin' 5
disease who had been treated with cyclophosphde only in four cases, and
with cyclophosphamde plus choramucil in one case, for 3-6 years (Wall,
R.L. & Clausen, K.P. (1975) Carcinor of the urinar bladder in patients
receiving cyclophosphde. New Engl. J. Med., iii, 27l-273J.
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4. COIts on Data Reported and Evaluation

4.1 Anim data

Cyclophosphade is carcinogenic in nuce an rats following its
intrapeitoneal injection, in rats following its intravenus injection and

in mice following its subutaneous injection, in doses simlar to those

used in clinical practice. It produced mainly lung and lymoreticular

tururs, and also tUIurs of the li ver and reproductive organs, sarcaus

and squarus-cell carcincms of the skin.

4.2 Hum data

The available case reports in which tururs were reported ta have

occred in patients treated with cyclophospharde provide insufficient
evidence to detere if there is an increased risk of canær following

the therapeutic use of ths drg, wi th the possible exception of cancer

of the bladder.
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MAa.STIN (DIHYRCRIDE)

1. Chemcal and Physical Data

Maamustine (free base)

l. 1 Synonym and trade names

Chem. Abstr. Reg. Serial No.: 576-68-l

Chem. Abstr. Nam: l, 6- Bis (2-choroethy lamo) -l, 6-dideoxy-D-maitol

l,6-Bis (choroethylamo) -1,6-bis-deoxy-D-rnital¡ 1,6-bis (choro-
ethy lamo) -l, 6-dideo-D-mai te ¡ l, 6-bis ( (ß-choroethyl) amo J-
1,6-dideoxy-D-maital¡ maitol mustard*¡ maitol nitrogen mustad*

1.2 Chemcal fo:ra and moleclar weight

CH2 .NH.CH2 .CH2 .Cl

1

HOC
1

HOCH

1

HCOH

1

Hcæ
1

CH2 . NH. CH2 . CH2 . Cl

CiOH22Cl2N20 4 MoL. wt: 305

1.3 Chemcal and physical properties of the pure substaæ

(a) Description: White c:rstas

(b) Melting-lXint: 2780C (decxlXsition)

(c) Solubility: Slightly soluble in water, ethol and pyridie

l.4 Techical products and i.urities

Maanustine is not produced a:ciall y.

*This nam 1S also freqently used for the dihydrochloride salt of
maanustine.

157



Macttine diydrochloride

l. 1 Syym and trade nas
Chem. Abstr. Re. Serial l'.: 551-74-6

Chem. Abstr. Nam: l,6-Bis (2-choroethylamo) -1,6-dide-D-

maital dihydrocloride

BC¡ 1,6-bis (choroethylamo) -l,6-didea-D-rnite¡ l,6-pis (choro-

ethy lamo) -l, 6-dideoxy-D-mai te dihydrochoride ¡ l, 6-bis (ß-choro-
ethy lam) - 1 ,6-dideo-D-maitol dihydrocoride ¡ i, 6-di (2-choro-
ethy lamo) -l, 6-dideoxy-D-maitol diydrchloride ¡ l, 6-dideoxy- 1,6-
di (2-chorothylamo) -D-maitol diydrochoride¡ disylnitol¡

rnital mutad*¡ maitol nitroen mutard*¡ maogranl¡

rnanustine* ¡ maustine hydrocoride ¡ NSC 9698

Deranol ¡ Degranl Chioin
l.2 Chenca foi:a and nolecuar weight

+

~2 . NH2 . CH2. CH2Cl

HOC
1

HCC1 . 2Cl
HCOH

1

HCOH

1

CH2 . NH2. CH2 . CH2Cl
+

CiOH24Cl 4N20 4 MoL. wt: 378.1

1.3 Chenca and physica1 propeies of the pure substace

(a) Description: White crystas fram 80% etho1

(b) Me1ting-point: 239-24loC (dea:sition)

*Ths na is also used for the free base"
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(c) Optical rotation: (cd~O + 18.460 (1.8% in wate)

(d) ldetity test: A test is given in British Phaceutica Coex

(1973) .

(e) Solubili ty:

in ethl;
Soluble in water (l pa in 2); slightly soluble

insoluble in chorofonn and ether

(f) Stability: Aqus solutions decapose ta D-rnitol and

C1CH2CHl;¡HCH3 within 24 hours at 250C (Narbutt-M=ring, 1972).

l.4 Techical products and imurities

Maanustine diydrchloride is available in Euope in the fom of
talets contaiing 50 I1 active ingredient and in anules for intravenous

injecion oontaiing 50 I1 (BlaCC, 1967; Dictionnire Vidal, 1975;

Pulan, 1968-69; stein et al., 1969).

2. Production, Use, Occurence and Anal ysis

For Ï1rtt backround inoi:tion on ths section, see preale,

p. 17.

Maanustine

2.1 Pructon and use

Maanustine cabe prepaed by treating l, 2,5, 6-dianydro-3, 4-0-
isopropylidine-D-meital with aziridine. The ethyleneino derivative is
th treated with hydrochloric acid ta yield niamustine dilydrochoride,

which is conver ta matie by reaction with soium hydrxide

(Varha et ai., 1957).

It has be teted as an antineoplastic agent, but it is not believed

to be produced cccially.

2.2 Occuence

Maustie is not kn to occu in nature.
Maanustine dilydrchoride

2.1 Proucion and use

Maantine dilydrochoride ca be prepaed by trating 1,6-ditosyl-
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2,3,4,5-di-0-methy1ene-D-rnitol with ethanolame ta yie1d 1,6-di(ß-
hydroxyethy1am) -1, 6-dideoxy- 2,3,4, 5-di -0 -methy lene-D-maital . Chlori -
nation of the prouct with thiony 1 chloride gives maanustine dihydro-
choride (Toldy & Vargha, 1959).

This chemcal is produced in Hungar and is used in hur meicine for

the treatmt of rnignant neoplasm, including breast and ovarian cacer,

clnic leukaemas, lymor and myelams. It is adnistered intra-
venously thee tirs ¡:r week in doses of 1 mg/kg li dai1y until a total

dose of 500-l000 ff has be given (Brulé et al., 1973). It is also

available in tablet form for oral adnistration.

ln Euope, studies have been made in lalratory anims on the

irunosuppressive effects of rnomustine dihydrochloride for skin-grafting
and kidney transplants (Mackiewicz et al., 1969; Nerth et al., 1967);

hCMever, it is not know whether this chemcal is sold ccrcially for use

in this way in hum meicine.

2.2 Occurence

Maomustine diydrochloride is not known to occu in nature.

Maustine an maanustine diydrochoride

2.3 Analysis

The dihydrochoride ca be estimted in bloo by reaction with 4-

(4'-nitrobezyl)pyridine (NBP) at levels of 0.1-0.2 ~les/ml (KÖrös et al.,

1964). A method of ths typ applicable to various biological fluids has
been describ by Truut et al. (l963), and a simlar c010r.itric method

ha be used for detetion in various tissues (Majtseva & MJskvitina,

1974). As 1ittle as l8 llgjrn rnanustine was detecte using a 2% spray

of NEP in acetane on silica gel plates (Sawick & Sawicki, 1969). Reactions

of maomustine with various indicatar dyes were taulate by Palyi (1962);

phol red was found te be the oost sensitive.
Pape (Palyi, 1962) and cellulose MN300 (Narbutt-Meing, 1972) have

also been used as chantoraphic ræia. A titration nith for detening

the purity of the dr is given in the British Phaceutical Coex (1973).
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3. Biological Data Relevat to the Evaluation

of Carcinenic Risk ta Ma

3. 1 Carcingenici ty an related studies in animls

(a) Intraperi toeal admistration

fuuse: Groups of 30 AJ mice of bath sexes, 4-6 week old, received

i.p. injections of rntine dihydrochoride in water thice weely for

4 weeks (total doses, 2.2, 9, 36 and 144 mg/kg 00). At 39 wees, 29, 24,
30 and 22 of the mice were suriving, and l2 (4l%), 2l (87%), 22 (77%) and

20 (94%) had lung tururs, with 0.6, 1.8, 1.4 and 2.4 tunur noules per

nouse, respectively. ln 385 male and 392 ferle control mice receiving

vehicle alone, 39.5% (mae) and 31.4% (fere) of the surivors develope

lung tuiurs by 39 weeks, with 0.5 and 0.36 lung tururs pe nouse, res-

petively. ln the sar exirt, the FOtency of maantine dihydro-

chloride was reported ta be 40 tirs less than tht of uracil musta on

a molar bais (Shir et al., 1966).

A group of LOO male and 100 ferle C3 nûce received Lp. injections of

2.5 n~/kg 00 rnanustine dihydrochoride weely for 52 wees. Lympltic
leukema occued in 25% males and 23% fenes, and other leukenas were
observed in 7% males and 4% feres. Oter tuiurs (unspeified) occured

in 18% maes and 2l% feres. ln 200 oontrls of bath sexes given 52

weeky injections of saline, the incidence of lynhatic leukena was 3.3%

and thse of other leukenas and other tururs 0.5% an 9%, respetive1y

(Némth, 1967).

(b) Intravenous adistration

Rat: Fifty 100-day old male BR46 rats were given maustine
diydrchoride (4 mg/kg hw) by Lv. injecon once weey for 52 weeks.

AIg 37 surivig rats, rnlignt tuiurs wee obsered in 5 (14%) and

beign tururs in 2 (5%) rats. Thee beign and 3 naignant tunurs occed
in 85 cotraIs (3.5%) (Schl, 1970). ln an aJst identica exiit,

48 mae BR46 rats, 100 days of age, were given 4 mg/kg hw rnanustine

diydrochoride by Lv. injection once wee1y for 52 wee. Aing 37
suriving rats, 2 (5%) develope beign tururs and 4 (11%), ma1ignant
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tururs. Arg 65 ootr1s, 3 (5%) and 4 (6%) deve10pe beign and malig-

nat tururs, respectively (Scl & Osswald, 1970). (In neithr study

was the turur incidece in treate an.Is statistical1y different fran
tht in ootrls (P/0.05). J

3.2 oter relevant biological data

The Lp. ID for maustine dihydrocoride was 56-160 m:/kg li in
50

rats, depedig an age an strai (Jeney et al., 1968; Raczyska-Bojanowska

& Gasioroska, 1966; Zsebk et aL., 1965). The Lv. LD was 56-80 mg/kg
50

bw in rats and 90, 50 and 50 mgjkg bw in mice, rabbits and dos, respectively

(Némth et ai., 1958; Scherf et al., 1970; Schl, 1970; sch &
Osswd, 1970). Ruidic (l962) reported an s.c. ID in mice of l20 rr/kg bw.

50

The principal taxic effect of maanustine dihydrochoride is bone-
rnrCM aplasia (Néth et aL., 1958; Ruidic, 1962); it is also irun-

suppressive (Scherf et aL., 1970; Schl, 1971; Whiteuse et al., 1972),
causes taic liver dage at high doses (Lapis et ai., 1958) an decreases

re fuctions (Bi:ov, 1972). Maustine dihydrocloride prevente

mitasis in the intestin rncosa and in the ea skin but not in th comea
epithelium (Hadnagy et al., 1959).

Maanustine dihydrocloride, 1ltC-lablled in the ethy1an chin, was
distributed heteogenusly in the organs of 6-wee old Wista rats following
its Lv. injection at a dose of 100 Iljkg bw. After 30 nWutes, 2. l% of

the app1ied radioactivity was found in the liver and 3.1% in the kidney.

After l2 heurs, these values had fallen to 0.28% an 0.21%, respetively;
63% of a dose of 8-15 mg/kg bw was excreted in the urine. No activity was

detect in b100 ser after 6 heurs (Zsebk et al., 1965).

Liver RN of rnustine dihydrocoride-treate rats contained an
unidentified boun produc in the ion-exchge chtoaphy profiles of an
Hel hydr01ysate (Raczyska-Bojanwska & Gasiorowsk, 1966). Incution of

the diydrchride wi th DNA at ro terature for 50 nWutes changed the

'n point witlut chging the hypchcity of the DNA (Jeney et al.,

1969) .

Matie diyd.chloride given ta rats on the 13th day of pregancy
was not teratoenic, but the foetuses were only abut haf the norm size
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at birt (vo Kreybig, 1970).

M.ustine diydrodioride induces chsa abrations in a

fibrosarco rat cell line BG (Ria & Garzicic, 1970), in cultured
2

ht. peipleral lyrcytes and in emi:onic fiboblasts (Bochov &

Kuleshov, 1972¡ Maeva et al., 1972).

ln ht.s, approxitely 50% of a single dose of 1 mg/kg li mao-

rntine was rerved fra the bloo within 20 miutes (KÖrös et al., 1964).

3.3 Observations in ma

No data were available to the Working Group.

4. Cots on Data Reported an Evaluation 1

4.l Aniil data

Maanustine adnisteed as the diydrchoride is carcinogenic in
mice follCMing its intraperitoneal injection, producing an increased

incidence of leukena and a dose-related increase in the incidence of
lung tuiurs.

4.2 Hum data

No cae report or epidenological studies were avai1able ta the
WJrking Group.

lSee also the secton, "Anii Data in Relation ta the Evaluation of

Risk ta Ma" in the intrcxuction ta ths volum, p. 15.
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MEHA, MEPHA & MEFI

l. Chemcal and Physica Data

Melphaan

1.1 Synonyr and trde nars

Chem. Abstr. Re. Serial No. : l48-82-3

Chem. Abstr. Nar: 4- (Bis (2-choroethy 1) amo) -L-phenylalanine

L-3-tpara-(Bis (2-chorothyl) aIo)phenylìalanine; CE 3025; para-
di (2-chorothyl) an-L-phenylalanine; para-di (2-choroethyl) amo-
phenylalanine; rælfalan; NSC-88-6; phenylalanine mutad*; L-
phenylalanine mustard; phenlalanine nitren muta; sarcolysin*;

L-sarcolysin; sarcolysine*; L-sarcolysine; L-sarkolysin; SK-l5673

Aleran

1.2 Chemcal fonna and irlecuar weight

COOH
1 -\ /CH2.CH2CICH.CH2 0 N
l 'CH2.CH2CI
NH2

C13Hl8Cl2N202

MoL. wt: 305.2

1. 3 Chemcal an physical propeies of the pure subtace

(a) Description: Whte, odourless poer

(b) Meting-point: Pue subtace, 1770C (deCOsition); cistals

fram ræthanl, aOut l820C (dec:sition)

(c) Optica rotation: (a)~2 +7.5° (1.33% in 1 N 1£1)

or -32.50 (0.67% in ræthol)

*Ths nar is also used for melan, which is a racec miure of
the D an L isarrs, nephan and mephan.
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(d) Spctscopy data:
at pH 7

À. 260 ri¡ El = 560 in aquus solutionma 1
(e) Identity test: 'I colour tests are given in the British

Phacopoia (British Phacopoia Cassion, 1973).

(f) Solubility: Soluble in methanol (1 pa in l50) and in ethol,

propylene glycol, dilute mieral acid and ali solutions and

2% cabothylcellulose¡ practica1ly insoluble in water¡
insoluble in chlorofonn and ether

(~) Stability: HydrolYses in solution: ha1f-1ife, 12.5 hours in

isotoic saline at 200C and 1. 8 hours at 37°C (Weae, 1964).

ln 0.001 M NaCl (10 iig/ml) calete hydrolysis at 370C taes
place in 3 hours, and at 1000C in 5 miutes (Chirigos & Med,
1964). Solutions at 40C retained full activity for rrre than

24 hours (Espiner et aZ., 1962).

1. 4 Techical proucts and irurities

Melphlan is available in the us as a USP grade in the fonn of talets

cotaiing 2 rr active ingredient (Kastlp, 1974). Melphlan poder USP,

used to foi:ate the talets, cotains 93.0-l00.5% melphlan, calculated

on the dried basis (US Phacopeial Covention, Inc., 1970).

ln Westen Eupe, melphalan is available in tablets containing 2 and
5 rr and as injections eqvalent ta LOO rr anydrous active ingredient in

1 ml solvent an 9 ml diluet (Bundesverbad der phzeutischen Industrie,

1969¡ Dictionnaire Vida, 1975¡ Pulam, 1968-69).

Medphan

l.l Synonym an trade nams

Chem. Abstr. Re. Serial lb.: 10345-94-8

Chem. Abstr. Nam: 4- (Bis (2-choroethy 1) amo) -D-pheny1alanine

(+) -3-ipara- (Bis (2-choroethyl) amo)phenylì alanine¡ D-3-ipara- (bis-
(2-chorothyl) aro)phenyiìalanine¡ CB-3026¡ para-di (2-choroethyl)-
aro-D-phenylalanine¡ ræalan¡ NSC-350S1¡ D-phenylalanine mustard¡

D-sarcolysine
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1.2 CheJcal fonna and rrlecar wei~ht

See i:1phan.

1. 3 Cherca an physica propeies of the pure substace

(a) Description: White cistas fram rrth01

(b) Melting-i;int: Atut l820C (deCOsition)

(c) Optical rotation: (CI)~1 -7.50 (1.26% in 1 N Hei)

1. 4 Techcal products and .iurities

Mepha1an is not maufactured corcia1l y.

Melan
1. 1 Synonyr and trade nas

Chan. Abstr. Reg. Seial No.: 531-76-0*

Chan. Abstr. Nar: 4-(Bis (2-choroethy1) am)-DL-phenyla1anine

3-tpara-(Bis (2-choroethyl) aro)pheny1ìa1ane; DLr3-tpara-(bis-
(2-choroethy1) ar )phenylìalanine; CB-3307; para-di (2-choroethyl)-

am-DLrphenylalanine; i:rfalan; NSC-142l0; phenylalanine nnstard**;

DL-phenylalanine mutad; sarcolysin**; DLrsarco1ysin; sarcolysine**;

DL-saroolysine

Sarcoclorin

l.2 Chemca foi:la and rrlecuar weight

See i:lph1an.

1.3 CheJcal and physical propeies of the pure substace

(a) Description: Needes fro meth1
(b) Me1ting-r:int: 180-1810C (decaposition)

*Merpha1an was original1y allocated the Chan. Abstr. Re. Serial No.
51-87-6; this has now been deleted, and the correct num is 531-76-0.

**Ths nam is also used for i:lphalan, the L-isoric oonstituent of
mehaan, a DL-racerc nuure.
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(c) Optical rotation: Optically inacti ve

1.4 Teclica prcts and :iuri ties
Althugh it is believed to be makete in the USSR, no data were

available.

2. Production, Use, Occuence and Anlysis

For ÌIrtant background infonntion on this section, see preamle,

p. 17.

Melphan

2.1 Prouction and use

Melphaan ca be synthesized by treating para-nitro-L-phylalanine
ethyl ester with phthalic anydride and then with hydrocoric acid to
yield para-nitro-N-phthoyl-L-phenylalanine ethyl ester. Ths product is

then hydrgenated and trated with arnia and ethylene oxide ta give para-
di - (2-hydroxethyl) an-N-a-phthoyl -L-phenylalanine ethyl ester. Chori-
nation with phosphorous oxchoride follCMed by hydrolysis yields :rlphalan

(Begel & stock, 1954, 1962).

Melphaan is produced in the OK by one c:y, whch exrts so of

its production ta the us and other countries. It is also produced in Italy

(Chercal Infonntion Serices, Ltd, 1975). The aiunt exrt to the us

is not kn, but it is estirted tht tota anua us sales of :rlphan

for use in hur rcicine are approxirtely 5 kg.

Melphalan is used in hum ræicine for the treat:t of various rnlig-

nant diseases, especially of mutiple iielar, maignant iælanar and
adenoccino of the ovar. The drg is usualy admistered in doses of
2-15 rr daly for a period of 2 or 3 wee (British Phacopoia Cossion,
1973) .

2.2 Occurence

Melphalan is not know ta occu in nature.
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Mephalan

2.1 Prouction and use

Mephalan can be prepaed by treatig para-nitro-D-phenylalanine ethyl
ester with phthic anydride and then with hydrocoric acid ta yield para-
ni tro-N-phthoyl -D-phy lalanine ethyl ester. This is hydrogenated and

treated with elnia and ethylene oxide to give para-di (2-hydroxyethyl)-

amo-N-a-phthloyl -D-phenylalanine ethyl ester. Chorination with phos-

phorous oxychoride followed by hydrlysis yields rnphlan (Bergel &

Stoc, 1954, 1962).

Mephan has been tested as an antineoplastic agent in animls in the
us and in Euope ¡ hCMever, irlphaan and rnan have been studied rrre

exensively and have found use in hum rricine (White, 1960).

2.2 Occurence

Mephalan is not knCM ta occu in nature.

Mealan
2.1 Production and use

Merpalan was synthesized in the OK according ta the rrthod describ

for irlphaan. At the sai tii, workers in the USSR synthesized iri:halan

by treating acetado-para-amobezylmlonic ester with ethylene oxide and
then with thony 1 choride ta gi ve acetamdo-para-di (2-choroethy 1) aIO-
bezy lnonic ester, which was converted te melan by prolonged heating

with hydrocoric acid (Laionov et al., 1955).

Mei:an has been tested c1inical1y as an antineoplastic agent in
Eupe an Japa (Whte, 1960) and is used as such in the USSR.

2.2 Occuence

M:rpalan is not k: ta occu in nature.

Mephan, irphan and ræan
2.3 Anysis

The thee stereoisos react simlarly with 4 (4 '-nitrobezyl)pyridine¡
this ca be used for their detention in plasm and urine and is sensitive
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down to 5 llg/IT (Trut et al., 1963). The meth has been used to follow

the reaction of phenylalanine mutads with bloo in vivo and in vitro
(Klatt et al., 1960). Rections with 2-nitroindan-l,2-dione (Kozlov &

Beshtein, 1968, 1970), sodium tetraphenylbrane (De Carevale-Bonino

et al., 1971) an para-N ,N-d.thylamobezaldehyde (Kozlov & Bernshtein,

1968) have also been used ta detei:e phenylalanine mutads. W-spectro-
photat:i (Belousova, 1961), spectrofluorat:i (detection limt, 0.05 iig/

IT) (Chirigos & Mead, 1964) and titrirt:i (British Phacopoia Cassion,

1973) can be used to detee the pure ccunds in aqueous solution.

Phenylalanine mustards and their hydrolysis products have been sepa-

ated by gas-liqud chtoraphy of th trirthlsilyl derivatives (Garas

et al., 1970) and by twdisional th-layer chamtoraphy on Kieselgel
G (Walthier & Jeney, 1968).

3. Biological Data Relevant to the Evaluation

of Cacinogenic Risk ta Ma

3. 1 Cacinogenici ty and related studes in animls

(a) Skin application

l\use: Twenty-five S mice were given 10 weekly applications of a

0.1% w/v solution of mephalan in rrthanl (total dose, 3 rr). Thirt days

after the sta of treatit, croton oil was applied once weekly for 18

wees. When the treatmts overlappe mephlan and crotan oil were
applied al tematel y at 3-4-day interals. By the end of the crotan oil

treatmt 4/22 suriving mice had develope a total of 8 skin papillor¡

and of 60 mice receiving various croto oil treatrts 5/53 surivors had

develope a tota of 7 papilloms. (P?0.05J. At ths tir 18 of the sur-
vi vors in the ex:ita group were killed, and 13 were found to have

develope a tata of 47 pulnai adenoms (3.6 pe nouse) ¡ in the control

group LO/L7 mice killed had develope a total of l7 lung adears (l.7 pe

rruse) . ln l/3 of the rerining treated mice, a squus-cell cacinam
of the ski develope 15 wee after the end of the croton oil treatment.

An additional 25 mice received LO weeky applications of a O.Ol-O.l%

w/v solution of melphalan in methol (tota dose, 1.44 ng), followed by
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croton oil treatit as abve. The sam controls as for mephlan were

used. By the end of the treabnt 2/l9 surivors had develope a total of

7 ski papillams. Of l3 surivors killed at this tir Il had a total of
57 pulnar ades (5. 1 pe rruse). In l/5 of the remining treate
anims an undifferentiated skin cacincm develope 3 wees after th end
of treat:t (Salam & Ro, 1956). (The incidence of lung tururs see in

treate anirls was not statistically different fram tht in contrls.)

(b) Intraperi toneal adnistration

l-use: Four groups of 60 A/J mice of bath sexs, 4-6 wee of age,

were given i.p. injections of melphan thice weeky for 4 wees (total
doses, 0.27, 1. 07, 4.27 and 17.1 mg/kg l:). At 39 wees after the first

dose thre were 58, 56, 56 and 41 surivors, respeively, and 44%, 66%,

77% and 98% had develope lung tururs, with averages of 0.6, 1.0, 2.1

and 4.0 tururs pe nouse. ln 385 male and 392 feme cotrols receiving

vecle only, the turur incidences at 39 wee were 39.5% (0.5 tururs/

mouse) for maes and 31. 4% (0.36 tururs/mouse) for feres. ln the sar

exriit the pJtency of rrlphlan was reported to be abut one quer

tht of uracil mutad on a rrlar basis (Shiiin et aZ., 1966).

'Io groups of 25 mae and 25 ferle Swiss mice were given thice

weely i.p. injections of 0.75 or 1. 5 mg/kg bw melphlan for 6 noths,

followe by observation for a furer 12 rrnths, at which tim the animIs

were killed. Lung tururs occured in 11/44 males and 10/23 femles, and

lymhosarcos were found in 13/44 males. The incideces for each turur
typ were significatly greater in all caes th thse in cotrls (P=
0.012, P=O.OOl and P~O.OOI) (weisburger et al., 1975).

Rat: Of 60 virgin feme randa-bred rats given single Lp. inJec-

tions of 10 mg/kg l: rnrpan, 9/33 surivors develope rn fibroade-
ncs betwee l2 and 17 rrnth. Of the cotrols, 30/40 an.ils surived,
and no tururs of ths typ develope. ln the sar exiit 30 rats

recive single doses of 400 rads X-rays, and 8/19 surivors develope

ma fibroadenam (Presnov & Jushkov, 1964).

'T groups of 25 male and 25 fere Charles River CD rats wee given

thice wey i.p. injectons of 0.9 or 1.8 mg/kg bw rrlphan for 6 rrth,
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follow by obseiatian for a furer 12 nonth, at which tii the anirs

ære ki11ed. Peritaneal sarcan occued in 11/20 males and lO/23 ferles,
and these incidences were statistica1y greater th thse in ootrols

(P~O.OOl) (Weisburger et al., 1975).

3.2 Oter relevant bio1ogical data

The various bioccal propertes of phenylalanine mustards, inclu-

dig their effect on the uptake of precusors into protein and nucleic

acids an their action on several enzy acti vities, have been reviewed

(Conrs, 1971; Whee1er, 1962).

The Lp. LD of irrphaan in rats is 23 m:/kg l: (Co, 1957); it
50

also inibits boe-rnow hae.poiesis (Laionov et al., 1955).

': days after i.p. admistration of 15 mg/kg l: ß-14C-rnrplan te

Waler cacin-being rats, the soluble protein fraction of kidney
contaed at 1east thee tiis the specific activity caed ta that of
other tissues (e.g., blcx, liver and Walker cacin), the leve1 corres-
podig to no rrre th 60 llg me1an/g protein (Co, 1957). After

adistration of 3H-rnlph1an ta Walker carcin-being rats, radio-

acti vit Y was found in li ver, splee, kidney, intestie and Walker carciri

and ta a lesser ext in rone maow, mucle, skin, testis and brai, but
not in the DNA fraction of any of these tissues. Approxilte1y 25% of th
adistered radioactivity was exreted in the urine during the first 48
hours (Milner et al., 1965).

Merphalan was teratoenic in rats when given during the first lO days

of pregancy, causing teiation of pregancy and vaious typs of malfor-

mations (Aleksandrov, 1966). It exerts imunosuppressive effects in mice

(Fontain et aZ., 1970; Kazaian, 1970).

M31phan prouces strctural abrrations of the diartid and chcn-

saæ typs in l:me-maow ce1ls of treated Wistar rats (Wantzin & Jensen,

1973) and chamtid-typ abrations in peipheral bloo lymoces taen
from cance patients (Sha, 1971).

Merpalan is mutagenic, inducing streptaicin-indepedet reversions

in strai Sd-4-73 of Esaheriahia aoli (Szybaski, 1958).
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Mter its adistration to cace patients by pefusion, 60% iralan

wa reved fram the bloo with 45 miutes. It reacts rapidly with
hepainized bloo: 40% of the admistered dose ha reacted with 45
miutes at 370C in vitro (Klatt et al., 1960).

DNA sythesis was inibited in the myelar cells of cancer patients

given 2 rr rrlphlan per day (Hiroshi et al., 1972).

3. 3 Obserations in ma

Kachr et al. (l974) and Kyle et al. (1975) have suiized 28 cae

re:¡rts of acute leukema which develope in patients adrstered al la-

ting agents, cxined in sor cases wi th irradiation, for the treatmt of
ITelam. ln 19 cases rrlphan was the only fonn of chertherapy, althugh

in 7 cases (an possibly in 2 others) irradiation was also given. The

dose of rrlphalan was 2-6 rr/day for 15-l02 months, and the leukemas
(ail of ITeloid or nocyic typ) develope l5-114 rrths (meian, 45
months) after diagnosis of ITelam. Another patient, re:¡rted by Holt et

al. (l972), develope a typical myelocc leukema 'Nile in remssion
fran ITelam after having recei ved l. 2 g rrlphlan over a 4-year period.
Thee cases of reticulosarco of a plasm-cell typ involving non-lyrho-

reticuar tissues have also been describ in patients with myelor who

had been treated wi th rrlphaan, al thugh in one case radiotherapy had been
gi ven and in one other case cyclophosphamde had also been admistered

(Holt & RobbSmth, 1973¡ Ievin et aL., 1967¡ River & Schrr, 1966). A

bronchogenic carcin has been reported in a myelor patient treated wi th
rrlphan (Scheidegger, 19 72) .

4. Cats on Data Reportd and Evaluation

4. 1 Anim data

Melphan is cacinogenic in mice and rat.s following i ts intrapei to-
neal injection, producing lymhosarcos and a dose-related increase in
lung tururs in mice an peritoeal sara:s in rats. Merpalan (a miure
of nephalan and melphalan) prouced an increased incidece of ma
fibroadenomas in rats following its intraperitaneal injection in single doses.
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4.2 Hum data

The available ca report suggest tlt th incidece of acute

leuka is increaed in Ilelom patients treate with rrlphlan.
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MUSTA GA

l. Chercal and Physical Data

1. 1 Synyr and trade nams

Chem. Abstr. Re. Serial No.: 505-60-2

Chem. Abstr. Nam: l, 1 '-Thiobis (2-chloroethane)

Bis (2-choroethyl) sulphide; bis (ß-chloroethyl) sulphide; l-choro-
2- (ß-choroethy1thio) ethane; 2,2 '-dichorodethyl sulphide; di-2-

chloroethy 1 sulphide; ß, ß ' -dichloroethy 1 sulphide; Schwefel - Lost;

S-lost; S rntard; sulphur mutard; sulphur rnstar gas; yellow

crss liqud
Yperite

1.2 Chencal foi:a and irlecuar weight

æ2.æ2ci
S/~æ2.æ2Ci

C 4H8C12S MoL. wt: 159.1

1.3 Chenca and physical properties of the pure substanæ

(a) Description: Colourless, ocurless, oily liqud; fonn prisr

on coling

(b) l'lting-point: 13-140C

(c) Boiling-point: 215-2l70C at 760 mn Hg; l080C at 14 nu Hg;

980C at 10 nm Hg

(d) Desity: d¡O 1.274 (1iqud); dl3 1.338 (solid)

(e) Refractive inde: l£0 1. 53l

(f) Solubility: Spaingly soluble in water (0.68 g/l at 250C);

soluble in fat, fat solvents and other con organic solvents
(Seidell, 1941; Stecher, 1968)
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(~) Volatility: Volatile with ste¡ vapour pressure at OOC is
o0.025 nm Hg, an 0.09 nm Hg at 30 C

(h) Staility: Hydrlysed in aqueous solution (t~, 5 miutes at

370C). The proucts of hydrlysis are thodglyool and hydro-

chloric acid (Beenltu, 1935).

(i) Reactivity: Rects with sulphydrl and indaole groups

(Dawson et al., 1959). Its reaction with bleach an chlorine

provides a irthod of decontation.

l.4 Teclical products and i.uri ties

Mustad gas is believed to be prouce in srll qutities by

rnufacturers of labratory chercas.

2. Production, Use, Occuence and Analysis

For .irtant background inforrtion on this section, see preale,

p. l7.

2. 1 Production and use

Mustad gas may have be synthesized by Despretz (Despretz, l822),
but large qutities were not maufactured until World War 1: by 1919,

US production had increased to approxiitely 18,000 kg pe day. At tht

tim mustard gas was synthesized in the US by reacting ethylene with sulphur

IInocoride at 30-350C. ln Genny it was prouced by treating ethylene
first with hyplorous acid and then with sodium sulphide, to yield ß,ß'-

diydroxyethyl sulphde. Ths product was then heated with hydrochoric

acid, yieldig musta gas (Jackson, 1936).

Mutard gas was used as a vesicat in chemcal warare during World

War l and in Ethopia in 1936 (United Nations, 1969). Although no furer

militai use was reported, prouction and stoiling of ths chemcal

cotinue, espeially during World War II (Rose, 1968) an stocks may still

have exste in the US as recetly as 1974 (Anon., 1974).

Mustad gas has been tested as an antineoplastic agent (Huntress ét
al., 1963), but its clinical use as a turur inibitor has been miimaL.

It is used as a rrel crund in biological studes on alkylating agents.
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2.2 Occurence

For son t~ after July 19l7, rrch of the French sail in the region
of battle lines was oontaated with mutad gas (Case & Lea, 1955). The

aveage and ma atnspheric cocetrations likely ta have be prouced
under rnlita. coditions, in th area of falling shells, have been esti-

mate ta be 3 and 5 ppn, respeively (Thorp, 1974).

2.3 Analysis

Gas chtographic rrthod are available for the deteiation of
muta gas (Albro & Fishbin, 1970; Casselm et al., 1973). It can
also be estirte in air at levels of 0.5- 1 llg/l air using detection tubs

cotaining 4-(4'-nitrobezyl)pyridie canplexes with bivalent rrrcu,

nickel and magnesium salts and using purified activated silica gel as

carrier (Kratovil & Mainek, 1969).

3. Biological Data Relevant to the Evluation

of Carcinogenic Risk to Ma

3.1 Cacinogenicity and related studies in anirs

(a) Inhlation and/or intratrachea admistration
.Muse: A group of 40 mae and 40 femle A mice, 2-3 rrnths of age,

was exsed for 15 miutes to vapours fran LOO an3 rrstad gas in an 8-litre

dessicator; 40 mae and 40 fere controls were exsed ta air alone.
Fbur irnth after exsure 30 test and 32 cotrl rnce were killed, and the

incidences of lung tururs were found to be 9/30 and 6/32, respetively.

All other sur ving anirls were killed after II months of exsure, and
33/67 rnce exsed ta mutad gas (including those already rætioned) had
lung tuiurs (unspecified), a:ed with 2l/77 cotrols. The mmibers of

tururs per iruse wer O. 66 in the exsed group and O. 31 in the controls.

The difference in incidence a:paed with tht in cotrls is reported ta be

highly significant (P~O.Ol) (Heston & Levillain, 1953).

(b) Subtaeous and/or intramcuar admistration

Mouse: Thee grups of 2-3-irnth old mice, ccrising l6 C3H mice of

bath sexes, iO fere C3Hf rnce and 30 A rnce of bath sexes, were gi ven 5-6
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wely s.e. injections of 0.05 ml of a 0.05% solution of muta gas in
olive oil and were obsered until natural death (average surival tims,

7 Irnths in A maes to 15 nonth in C3Hf femes). Fibrosarco at the
injecion site were obsered in 1/8 C3H maes, 2/9 C3Hf femes and l/14

A maes 10-14 nonth after the beining of treatnt. Ma tururs

v. also observed in 2 femle C3Hf mice, in 8/8 treated C3H fem1es and in

l/l2 treated A feres; in a concurent study rn tuiurs were reported

to have occured in 2/l00 fere C3Hf contrls, in 7/8 C3H controls, and

in 0/l4 A controls. ln a second exrimt, a rhaosarcan occured
after l5 nonth in l/24 C3H maes, and local sarcas were obsered in
2/38 C3Hf males abut 15 m:ths after the start of treatnt. No subta-

neous sarcos occured in 60 non-injected C3H or C3Hf male controls nor
in mae and feme C3H and A controls injeced with olive oil (Hesta,
1953) . (P~O. 05).

(c) lntravenus admistration

M:use: A group of 15 mae and l5 feme A mice, 2 month old, was
injected intraveusly on altei:ate days with 0.25 ml of a l:lO dilution
of a saturate solution of mutad gas in water (0.06-0.07%) for a tota

of 4 injections. All surivors were killed at the age of 6 irnths, and

l4/15 (93%) treated mice had develope pulnar tururs (2.6 tururs/

mouse), cored with 15/28 (61%) contrls (0.9 tururs/mouse). ln a

second exrimt, in which a slightl y lCMer dose of mustard gas was

admistered intravenously to 24 maes and 24 femes, pulna tururs

wee found in 32/47 (68%) treated surivors (1.09 tururs/mouse) at the age

of 6 irnths, coard with 6/46 (13%) in contrls (0.l3 tururs/rnuse)

(Heston, 1950). (P-cO. OOl).

3.2 oter relevant biological data

Th Lv. LD in rats is 0.7 mg/kg tM (Stecher, 1968).
50

Mutar gas inibited the cacinogenc action of coal-ta on nouse

skin (Belum, 1935).

Fo11CMing Lv. injecion of 5 ID:3/kg tM 35S-1ablled muta gas

rabits, the radioactvity was rapidly diffued thoughout the boy;

one-fifth of the activity was excreted in the urine within 12 hours;

into
abut
excre-
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tion via the bile was noted; and the li ver, lungs an kidneys were the

ma organs in which radioactivity was retaed (Boursnel1 et al., 1946).
ln mice and rats give l-5 mg/kg l: 35S-lablled musta gas by i. v. injec-
tion, very srl amunts of radioactivity were foun in the exired air

(0.05%) and faeces (6%) of rats, the majority of the injecte dose being

excreted in the urine with 72 hours. The main urinar iætalites were
thiodiglycol and conjugates (15%), glutathione-bis-ß-cWorothylsulphde
conjugates (45%), glutathione-bis-ß-choroethylsulphne oonjugates (7%)

and bis-ß-choroethylsulphone and conjugates (8%). Ver srll amunts of

cysteine conjugates were also present (Davison et aL., 1961). Lp. injec-

tion of 1 mg 35S-mutard gas in rats resulted in the urinai e.cretion of

bis-cysteinylethylsulphone and srll amunts (l5%) of thiodglyool iæteÙ-

lites (Robes & Warick, 1963).

Mutard gas reacts in vivo wi th proteins and nucleic acids of the
lung, liver and kidney of A/J mice (Abll, 1964). The pefusion of lungs
isolated fran dos shawed tht eglibrium betwee the bloo and tissues

was reached after 5 miutes and tht l4% of the activity was retained in

th lung (Piernt & Davison, 1962).

Mustard gas, at lCM concetrations, has been shwn ta inibit DNA

synthesis in E. ooZi bacteria (Lawley & Braokes, 1965), in HeL cells

(Crathm & Ros, 1966; Roberts et al., 1971a), in L-cells (Reid &
Walker, 1969) and in HeL and Chinese hater cells (Robes et al., 1971b).

7-Hydraxethy 1 thoethylguine and di (guin-7-y 1) ethyl sulphide have be

identified in the crss- ling of the DNA double helix (Lawley & Brokes,

1965; Reid & Waler, 1969). eell recovei: after enzytically rriated

reival of such cross-lin has been deinstrated in bath bacterial and

malian oell system.
Mustard gas was the first chemcal reported ta induce mutations and

charsan rearangeits in Drosophila melanogaster (Auebach & Robson,

1946) and mutations in speific DNA regions (r-RN cog bb locu) (Fal

& Fa., 1971). It induces chsa abrations in cultured rat lyr-

sarca 0811 lines (Scott et al., 1974); and in a host-iriated assay in
mae BDF mioe, using rnine leukaema L5178Y/Asn - cell line as indicator,

1

it induced bath chsa abrrations and reverse mutations te aspaagine
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inepedece afte single s.c. doses of LOO mg/kg bw. Sinlar resuts

wee obtaed with the sam cell line tested in vitro (Capizzi et al.,
1973). Det leth mutations in adult mae virgin rats were induced

after e.sur ta mustad gas at O.l mgjm3 of air for 52 weeks (Rozmarek

et aZ., 1973).

'l te:o cacer patients given Lv. doses of 5 m: (0.1 mg/kg bw)
35S-lablled musta gas in ethanl excretOO 23% of the radioactivity in

urine within 24 hours and 27% after 48 hours. The urin metal:Üites

were the sar as tbse found in rat and mouse urine, as judged by simlari-

ties in oolum chtoaphic eluat pattems (Davison et al., 1961).
3.3 Obseiations in ma

Case & I.a (l955) exed the nortality reoords fran 1930-l952 of

1267 war pesioners wh suffered fran mutard gas poisoning during 1917-

19l8. The results were capaed with tbse obtained fra two other groups:

(a) 142l war peioners wh suffered fra chonic bronchtis, but wh had
never been exsed ta mutad gas and (b) 1114 war pesioners who were

v.unded but wh had not be poisoned by mustad gas. ln ooth the musta
gas an chnic bronchitis groups an excess nortity was found capared

with tht exte fra the general male population nortlity rates in

England and Wales. Ths wa mainy accounted for by an excess of deaths
from chic bronchtis. Mortlity from cacer of th lung and pleura was

also greate in these two grups and to an eq exent (in bath, 29

observed, caed ta 14 excted) but not in the amputation group (13,
cxed ta l6 exed). There were no significat differences in any of

th the grups betwee observed and exte numrs of cancers invol ving
sites other th the lung and pleura. It was note tht alist a1l of

tbse in the mutad gas group also suffered fran chnic bronch tis, frci
whch thre was a high nortity (217, caared to 21 exct). The

autbrs coclud tht the increased risk of lung and pleural cacer could

not be attributed ta mustad gas poisoning but appered te be associate
in sae way with chnic bronchitis. No aCaJunt oould be taen of srg

haits in ths study. However, it may be relevant tht Dom (1958, quted

in Norm, 1975) has sha tht a significantly higher proportion of me
injured by mustad gas had given up sming before the age of 40. It is
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possible, thefore, tht the presence of a greate proportion of chonic

srkers in the bronchtis group resulted in a greater rrrtality fra lung

cancer due to srking than in the mutard gas group, and that this evidence

was masked by a cacinogenic effect of the gas.

Mortlity records fram 1919- 1955 were exed for 2718 Amican
soldiers exsed ta mus tard gas during 191 7- 19l8, for l855 soldiers who had
pneuria during the influenza epideIc of 19l8 but who had not be exsed
to mustard gas and for 2578 wounded soldiers with no histo:i of mus tard gas

poisoning or of pneuiia. Differences in rrrtlity in the thee groups

were see only in the secnd decade (1930-39) of the follow-up, at which
tin the rntad gas group suffered a higher mortity, mainly fram pneu-

rrnia and tubcuosis. There were 36 deaths from lung cancer (1. 3%) in

the mutard gas group, cxared with 14 (0.8%) in the pnei.nia group and

26 (l%) in the warwounded groupe Differences in the incidece of chonic

bronchitis were noted (65%, 35% and 20% in the rntad gas, pneuria an

wounded groups, respecti vely) and in the proportion of ir wh had stoppe

srking. A a:paison of the mnnbers of death from all respirata:i cances
with the exte nurs, calcuated from US rrrtity rates, shCMed the

f01lowing ratios of observed to excted cases: mutard gas, 39:26 (1.47) i
pneuria, 15:18 (0.8l) i and war-wounded, 30:26 (1.l5). These data suggest

that mustard gas exsure is associated with an increased risk of respirata:i
cancer, but that the exent of the increase is not large (Beeb, 1960).

The results of a furer study involving an additional LO yeas of follow-

up of these grups did not alter the original oonclusion (Norm, 1975).

A strnger association between mutad gas exsure an respiratory
cancer is indicated by the exience of workers in a Japaese factory which

maufactured ths gas frou 1929-1945 and an a large scale in the peiod
1937-1944. Protecive iæsures were neither fully effective nor generally
applied, and the ~rkig envirort attaed mustad gas concetrations of

0.05-0.07 mJ/1. Thefirst suspicion of an increased risk of cancer cam in

1952 fram a death fra bronchial cace of a 30-yea old mae who had been

octionally exsed ta mustad gas for l6 rrnth frou 1941 (Yamda et

aZ., 1953). Four cases of squs-cell cacinats of the lar and one

cacinan in situ affecting th san site were report in Japaese workers
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17-24 years afte occupational exsure te mutad gas for 5-13 years.
Fueire, of 97 death in exsed workers, respirate:i cacer accote

for 60% (12) of deaths fram rnignt tururs (20) in the peiod 1946-1957

(Yamda et al., 1957).

Yarda (l963) exed a series of l72 death in fonn \\rkers in
ths fact:i and foun tht 48 (27.9%) were fram cance¡ of these 28

(l6.3%) were of the respiratary tract and oroph. 'lenty-thee were
exed histologically, and 16 were found ta be squus-cell and 7,
undifferentiated cancers occuring at the f01lowing sites: tongu (l),

sinuses (l), pha (3), lar (6), trachea (l) and bronchus (l1). Of

5030 death in non-exsed initats of the same area, 406 (8.l%) were

fram cacer, of which only 19 (0.4%) involved the respiratory tract.

Exdig the study for the perioc 1952-l967, Wada et al. (1968)
cxpaed the obsered munbers of deaths te thse exted on the basis of

Japaese rrrtlity exrience. AIng 495 workers who had rnufactured

mutad gas, 33 had died fran cancers of the respiratai: tract, cxpaed to

O. 9 exted. Of 960 mae erloyees not engaged in the procuction of the
gas, only 3 were know to have died since 1952 fran respiratory tract

caces, coared te 1.8 excted. Althugh there was evidece of. preferen-

tial reporting of death in the gas-exsed group, the excess of respiratoi:

tract cances in this group was substatial.

Anther study has recently be reported of workers in Gey engaged
in thè production, testig and destrction of mustard gas and nitroen

mutad, may during the period 1935-45. The facti: em10yed 878 workers,
1ess than haf of wha worked in close contact with muta gas, nitrogen
mutard or with a nuure of the two. ln addi lion, there was sor 1imted
exsure in the factry te bronacetane, phosgene, ch10ropicrine and organic

arsenicals. Of tht relatively sml1 population of workers exsed ta the

gas or ta nitrgen rntad and for whc recrds were avai1ab1e, there were

85 deaths in the yeas 1951- 1972 and of these 32 were due te cacer. An

excess of cerin cancers over those exed fran the rrrtity rates for

IDer Saxny was found, but ths was significant only i. the case of branchal
cacinans (il, compaed te 5 exted). It must be noted that the restric-
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tion of the study to workers with available meical recrds raises the
possibility tht th proportion with cancer may have been inflated, since

ræical or autopsy records would rrre likel y have be presei:ed for workers

with cance (Weiss & Weiss, 1975).

4. Ccts on Data Reported and Evluation

4.l Anim data

Mustard gas is carcinenic in mice, the only species tested, following
their exsure ta its vapours or following its intravenous injection,

inducing an increase in the incidence of lung tururs. Following its sub-

cutaneous injection in rtce, it produce a low incidence of sara:s at

the site of injection.

4.2 Hum data

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

toi: tract in me exsed ta mustard gas.
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NITR MlSTAR (HYroRIE)

1. Chemcal and Physical Data

Nitrogen mutard

1. 1 Syonym and trade naIS

Chem. Abstr. Re. Serial No. : 51-75-2

Chem. Abstr. Nar: 2-Cloro-N- (2-choroethyl) -N-rrthylethe

N,N'-Bis (2-chloroethyl)-N-methylame¡ N ,N-bis (2-choroethyl)rnthyl-
ame¡ bis (2-chlorothyl)methylame¡ bis (ß-chloroethyl)methylame¡
chlorame*t ¡ chlonæthe¡ cloram¡ ß, ß' -dichorodethyl -N-
rrthylame¡ di (2-choroethyl) rrthYlaIe¡ 2,2' -dichoro-N-rnthyl-
diethylame¡ HN2*¡ MB¡ rrorethe*¡ N-rrthyl-bis (2-chloro-
ethyl) ame¡ N-methyl-bis (ß-choræthyl) ame¡ rrthyThis (ß-chloro-
ethy 1) ame ¡ methy This (choroethylame) ¡ N-ræthl - 2,2 ' -dichoro-
diethylame¡ rnthyldi (2-chlorothyl) aIe

Carolysin*¡ Emichin*¡ Mutargen*¡ Mutine*¡ Mutagen*¡

Nitrogen mutard*iJ

*Ths nam is also used for the hydrocorid. salt of nitrogen nntad.

tThe ten 1 chloram' or 'chorame' is used broadly ta include all
canp:mnds, bath inorganic and organic, contaiing one or nore chlorine
ato attached ta nitrogen. Spifically, 'chloraIe 1 is used for the
cxund ~Cl and for taluee-para-sulphonsodichloroade trihydrate
(syonym: Chorame T, Choramum).

iJThs nam ha be used for other ames closely related ta nitren
mutardi e.g., tris(2-chloroethyl)aIe, N(CH2CH2Cl)3' also know as RN3¡
trichonæthe¡ 2,2 12" -trichorotriethy laIe ¡ ana. tris (ß-chorothyl) -
ame.
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l.2 Chemca fonnula and nolecuar weight

æ2.æ2ci
H C - N/3 ~

æ2.æ2ci
C5H11 C12N l-1. wt: 156. 1

l.3 Chemcal and physica propeies of the pure substance

(a) Description : Liqud; fait fishy odour

(b) Mel tig-point: -600C

(c) Boiling-point: 0 0
640C at87 C at l8 mu Hg; 75 C at 10 mu Hg;

5 mu Hg

(d) Desity: d25 1.118
4

(e) Identity test:
oFonn crystal1ine picrate (m.p., 132.7 C)

(f) Solubility: Ver slightly soluble in wate; miscible with

dithyl fonnde, carbo disulphide, cabo tetrachloride and

rny other organic solvets and oils

(s) Volatility: Saturated air contains 3.6 irg/l at 250C.

(h) Stabi1ity: Undiluted liqud decses slowly on stadig and

fonn polymic quteia. amium sa1ts which are insoluble in
the free base; reacts rapidly with water

1. 4 Techca products and .iurities

Ni trogen rntad (HN2) is not prouce cocially.

Nitrogen mutard hydrocloride

1.1 Syonym and trde nars

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

Chem. Abstr. Nam: 2-Coro-N- (2-cloroethyl)-N-iæthylethaIe

hydrocoride

Azotopeite; N ,N-bis (2-chlorothyl)iæthYlaIe hydrocoride;
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bis (2-choroethyl)iothylame hydrochoride¡ choram¡ chloraIe*t¡
chorethe¡ chorethzine¡ ß, ß' -dichorodethyl-N-iothylane
hydrocoride¡ di (2-choroethyl)methylame hydrochoride¡ di (chloro-
ethyl) methylame hydrochloride¡ 2,2' -dichloro-N-rnthyl -diethylame
hydrochoride¡ ditan¡ HN2*¡ HN2 hydrochloride¡ MB hydrocoride¡

mechorethame* ¡ mechlorethe hydrchloride¡ N-methylbis (2-chloro-
ethyl) ame hydrochloride¡ rnthylbis (2-choroethyl) ame hydrochoride¡
N-methylbis (ß-chloroethyl) amne hydrochoride¡ rnthylbis (ß-choro-
ethyl) amne hydrocloride¡ N-methyl-2, 2 '-dichorodethylame hydro-
choride¡ methyldi (2-choroethyl) ame hydrochoride¡ rnthyldi (ß-
choroethy l) ame hydrochloride ¡ N- Lost ¡ NSC-762 hydrochloride

Caolysine* ¡ Dichloren¡ Erichin* ¡ Erikhine¡ Erasol¡ Meichlor-
ame¡ Mitoxine¡ Mustagen* ¡ Mustargen hydrchoride¡ Mustine* ¡
Mutine Hydrochor¡ Mustine hydrochoride¡ Mutagen*¡ Nitrogen

mustar* ¡ Nitrogranulogen

l.2 Chemca fonna and rrlecuar weight

/CH2.CH2ClH C - N3 ""
CH2.æ2ci

. HCl C5Hi2C13N t-1. wt: 192 . 5

1. 3 Chcal an physical propeies of the pure substanæ

(a) Description: White, hygroscopic cistals

(b) Melting-point: l09-11loC

*This nam is also used for nitrogen mutad¡ the word 'hydrochloride'
is freqently ontted when the hydrocloride salt is irt.

tThe ter 'chorame' or 'chloroame' is used broadly ta include all
oouns, bath inrganic and organic, containig one or rrre chorine
atan attached ta nitren. Specifically, ' chlorame' is used for the
oound NH2Cl and for taluene-para-sulphonsodchoroamde trihydrate
(synonym: Chorame T, Chloramtm).
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(c) Identity test: As given in the British Phaoopoia (British

Phaooj;ia Cassion, 1973)

(d) Solubility: Soluble in water (l g/lOO ml) and in ethol

(e) Staility: Dry crystals are stable¡ untale in aqueous

solution

l.4 Techcal products and inurities

Ni tren mustard (HN2) hydrochloride is available in the US and Euope

in ¡:wder fonn for intravenous injection. The :pwder is packged in

amules containing 3 or 10 ff of the active ingredent and 90 rr of soum
choride, to be admistered after solution in sterile water (Blacow, 1967 ¡

Caabresi & Parks, 1970¡ Dictionnaire Vidal, 1975¡ Pulam, 1968-69¡

Steinck et al., 1969). HN2 hydrochoride for injecton ootas 100:tLO%

of the lablled arunt of active ingredent (US Phaoopeial Covention,

Inc., 1970), and the material used ta formate the injectons oontains
99:tl.5% of the (X::rrp:mnd on an anydrous basis.

2. Production, Use, Occurence and Analysis

For iirtant background infonution on this section, see preale,

p. l7.

Nitren mustard

2.1 Production and use

HN2 ca be prepaed by treating N-rrthyldietholaIe with thonyl

choride fo110wed by treatmt with caustic so ta release the free are

(Prelog & Stepa, 1935). It is not maufactured in cxcial qutities

in the US or Japa, and no evidence was found tht ths chenca is Ìlrted

by either oountr. There is one proucer in the UR (Chencal Infoi:tion

Services, Ltd, 1975).

HN2 was pi:uced in the past for use as a vesicat in chca warfare.

Al thugh no inlitai use was ruade of the chcal, stackiles rny have
existed in the US as rectly as 1974 (Anon., 1974).

It ha been used as a chencal inteiate, e.g., the hydrchloride

of the aIe oxde produce fro it is re:prted to be useful as an anti-

196



neoplastic agent, but no indication was found tht ths ame oxide is

produced in the us. The only know cccial derivative of HN2 is its

hydrochoride, which has been used in limted qutities as an antieo-

plastic agent.

Laratai: exrirts have been (Xmducte with HN2 for use as a

cross-lining agent in texiles (Robes & Rowland, 1970; Rowland et al.,

1970). ln the USSR it has be tested for use in sizing agents for cotton
yan, in grease for netal cutting, as a fungicide and as an antiviral

aerosol disinfectant (Krerev, 1971¡ Madich, 1970; Osmov, 1968¡
Sloboenyu & Karukin, 1970).

2 . 2 CXcuence

HN2 is not knwn ta occu in nature.

Nitrogen mutad hydrocloride

2.1 Production and use

HN2 hydchoride ca be prepaed by treating N-mathyldietholame

with thionyl choride (Prelog & Stepa, 1935). It has be maufactured
by one a:y in the US since 1950, and, accrdg to industi sources,
1.5 kg of the chencal were maufacted and sold in 1974 in the us. HN2

hydroc,loride is also produced in the OK.

Ths chencal is used in hur rncine as an antieoplastic agent,
either alone, or in cointion with other cheithapeutic agents, in th
treatit of neoplastic diseases, including Hodgkin 1 S diseae, leukaeIa,

generalized lyrhosarco, mycosis fugoides and brchenic cacinan.
It is also used in cotrlling pleural, peitoea or peicarial effusions
due ta rætastatic tururs (Kastrp, 1974). Th drg is admisteed by
Lv. injecion in a single tata dose of 0.4 nq!kg l: or in 2 or 4 daily

doses of 0.l-0.2 nq/kg lM (Meck et al., 1974).

Clinica trials have be conducted ta assess i ts usefuless as an

llosuppressant in the treat:t of rheumtoid aritis (Maaiy &
Mcughlin, 1968), in the treabnt of a variety of other non-rnignant
diseases (Skiner & Schaiz, 1972) and in tissue transplantation studes
(Rusell & Moaco, 1964).
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ln veterinar mecine HN2 hydrocloride is re¡;rted ta be used for

the treatrt of lynsarco and of mast-cell sarco in dos and of

fawl leuksis (Stecher, 1968).

Its use as a chersterilant (Flint et aZ., 1968; La Chance et al.,

1969) and as a cross-lining agent in the maufacture of ion-exchange

fibres (Ruison, 1968) have also been investigated.

2.2 Ocrence
HJ2 hydrocoride is not know to occu in nature.

Nitren rntad and nitrogen mustard hyclchoride

2. 3 Analysis

Free HN2 or its hydrochoride ca be deteied color.itrically by

reaction with 4- (4' -nitrobzyl)pyridie (Fried & Boer, 1961; Obrecht
et aZ., 1964; Tan & Cole, 1965; Truut et al., 1963). DetenIations

of HJ2 hydrochoride have been made using pape and thin-layer chomto-

graphic ræth (Sakurai & lta, 1960; Walther & Jeney, 1968); a fluoro-

rætric ræth for its determation in biological materials, with a sensi-

tivity of 0.02 iig/nù (Mellet & Wos, 1960), and titri.tric meth

(British Phaoopoia Ccssion, 1973) have also be describd.

3. Biological Data Relevant to the Evaluation

of Cacinogenic Risk ta Ma

3.l Carcinogencity and relaæd studies in anirls

(a) Ski application

r-use: Skin application of HN2 hydrochoride in water te "whte"

mice did not inuce ski tururs (Narzzi, 1953).

(b) Subtaneous and/or intramuscuar adnistration

r-use: A g.iup of 20 sto mice was given weeky s.c. injections of

i mg/kg bw HN hydrchloride for 50 wee. Of a total of 10 mice suriving

284-580 days, 6 had tururs: 3 lung CElcinoms, 1 lung adenar, i lyrho-

sarccm in the liver and 1 uterine fibraoma. 'lurs (6 lung adenors
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and 2 hepatos) occred in 8/40 untreate cotr1s kil1ed between 420-540

days of age (Boyland & Horning, 1949). (P~0.05).

Tuurs at the site of injection (sarcos, skin papi1lans and

squus-æll carcinam) develope in 3/15 C3H mice of bath sexes, in 5/2l
mae C3H mice and in 3/37 mae C3Hf mice given 8 weekly s.c. injections of

0.025 rr HN2 hydrchloride in water. No ski tururs appeed in l4 C3H
mice of bath sexes, in 21 male C3H or in 39 mae C3Hf non-treated cotrol
mice (P~O. 001). The incidences of pulnar tuiurs in test grups versus

those in cotrol groups wee 5/15 versus 3/l4 for C3H I1æ of bath sexes,

8/2l versus 5/21 for mae C3H mice and 21/37 versus 6/39 for rne C3Hf

mice. The 47% incidece of puJar tururs in treated rnce was signfi-

cantly greater than the 19% incidece in the cxined cotrls (P~O. 001) .

No difference betwen test and oontrol mice was seen in respet of other

rerte tururs (Heston, 19 53) .

(c) Intraperitoeal admistration

!!use: Four grups of 60 A/J mice of bath sexes, 4-6 \æeks old,

receive 12 i.p. injections of HN2 hydrochoride in water during 4 weeks

(total doses, 3.85, 2l2, 866 and 3369 ltgjkg li). The nurs of I1ce

surivig the 39 weeks of the exirt were 47, 53, 5l and 38 in th four

gruPS¡ a dose-related increase in the numr of lung tururs was obsered.
The incidenæs of lung tuiurs in the four groups were 30%, 40%, 69% and

95%, with 0.3, 0.6, 1.2 and 2.8 lung tururs per lIuse. A srler increase

in the numr of lung tuiurs was seen in four grups of 30 A/J I1ce given

total doses by i.p. injecton in tricaprylin of 46, 206, 828 and 3311 ltg/

kg li HN hydrchoride. The nums of mice suriving 39 wees were 26,
28, 28 and 30, and 46%, 50%, 29% and 63% develope lung tuiurs, with 0.8,

0.6, 0.4 and 1.0 lung tururs ¡:r nouse. The lung turur incidences were

37% (0.48 tuiurs/rnuse) and 27% (0.29) in l57 mae and l82 feme contrl
mice given 12 i.p. injections of water and 36% (0.47) and 32% (0.42) in 55

mae and 53 feile contrl mice gi ve a simlar nurr of injections of

tricaprylin alone and killed at 39 weeks. An incrased incidence of tuiurs
at other sites was not apPaent. ln the sar exirt the potency of HN2

hydrchloride was reported ta be abut one-third that of uracil mus tard on

a mo1ar basis (Shiin et al., 1966). Ths stud cofinn previous results

obtained by Duig (l965).
199



(d) Intraveous admistration

Mouse: A group of 37 mae and feme A llce, 2-3 rrnth old, received

2-4 Lv. injections of L II/kg lM HN hydrocoride in 0.01 nù distilled
water at 2-day interalS¡ 38 cotrols received distilloo water alone.
After l6 week, 29/29 test llce exed ha develope lung tururs (3.5
tururs/iruse), caed with 4/30 cotrols (0.17 tlJurs/nouse) (Hesta,

1949) .

Fuer work by Hesto (1950) revealed a lung turur incidence of LOO%

(9.6 tururs/mouse) in another group of 20 A llce which received 4 simlar
injectons of HN2 hydrochoride (tota dose, O.L rr) and were allaved to
live for LO m:mths¡ the incidence was 62% in 32 cotrols (0.81 tururs/

nouse). After a single injecon of 0.4 rr/kg lM HN2 hydroride, all 9

survors at 10 rrths shaved lung tururs (7.5 tururs/nouse) ¡ lung

tururs occued in 18/3l cotrols (0.94 tururs/mouse).

ln 104 feme RF mice, 10 wee old, injected intravenously with 4
doses of 2.4 II/kg lM HN2 as a O.l% solution in saline at 2-week interals,

with obseration up to 2 yeas, increaed incidences of thync lyram
(21% versus 10% in 112 controls (P~O. 05)) and pul adenam (68% vers us
15% in controls (P~O. 001)) were obsered. The average ages at death were
490 days in treated mice and 632 days in cotrols (Conin et al., 1965).

Rat: A graup of 48 mae BR46 rats, 100 days old, reæived 52 weey

Lv. injections of O.LL II/kg li HN2 hydrocoride (total dose, 5.72 m:/
kg lM). Of th rats suriving at the appeance of the first turur, 7/27

(26%) develope maignant tururs and 5/27 (18%) develope beign tururs,

c.ed with 4/65 (6%) and 3/65 (5%) contraIs. The average obseration

t.i of the tururs was 16 rrth in treated rats and 23 rrths in cotrols.

Th maignt tlJurs occuring in treated rats were 1 lyrtic and 1
ireloid leukaema, 1 reticuumcell sarca, 1 liposarcoi 1 adenoccinam
of the large intestine, 1 sarco of the mainges and 1 haergioedotheli-
om of the saliva gland. ln cotrls 3 rr sarcos an 1 maignt
phaechai, 2 thyr and 1 :r fibrom were obsered (Sch
& Osswaldi 1970). (P~O. 05).
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(e) Oter ex.Ital system

Foetal lung tissue fram BA/ c miæ was exsed te HN2 hydrocloride
at concetrations of l:5xl04-1:5xl06 Riger' s solution for 15-60 miutes

and then :ilanted as a suspesion into the thgh rrcles of young adult

mice of the sar strai. The inlants were exed LO wees to 6 IInths

late and sa were found to oontain typical pular adenams. No ade-
nor appeed in lung tissue :ilants not previously exsed ta HN2 hydro-

choride (Roers, 1955).

3.2 Oter relevant biological data

of HN2 in miæ and rats by s.c. and i.v. injection is abut

The oral LD in mice is 10-20 rr/kg l:, depedig upn
50

whether th anins reæive foo prior to dosing or not (Anslow et aL,
1947¡ Boyland, 1946). The i.v. LD of HN2 hydrochoride in rats is

50
L.l rr/kg lM (Stecher, 1968).

The LD
50

1-4 rr/kg lM.

An i. v. dose of 3 rr/kg lM HN2 admstered to dogs rapidl y disappared
fram the bloo: O.Ol% was found in the urine, and low levels were found ln

the tissues, the highest concetration being in the bone rnCM. A 90%
breakdCM of HN2 occured within 4 miutes of incuation with whole bloo

(M=llet & Wo, 1960). Ishidate (l959) also derstrated the alrrst
i.ate disappearance of 14m3 - lablled HN2 from th bloo of dos gi ven

0.5 rr/kg intraveously over 5 sea:mds or 60 miutes, and a low urinar
excretion of HN2. Miæ given 35 rr/kg lM HN2 hydrochoride intravenously

and exed by autoradiogaphy had significat levels of the cound in
brain, spinal cord, lungs and sulllar glands (Tuaro & Bugini, 1968).
ln rats, 16% of an injecte dose of HN2 was found present in the splee,

lungs, kidneys, liver and bloo, and l7% was excreted in the urine (Obrecht

et al., 1964).

FollCMing its in vivo admistration, HN2 or its hydrchoride is

probably coverted into an ethyleneiinium ion whicl reacts with the guine
residues in adjacet strands of DNA as well as with SR groups (Boyland, 1946¡

Verly, 1964).

HN2 is eii:otoxic in rats when given by i. v. injecion on the 4th day

of pregancy (Broc & Kreybig, 1964); it also causes foeta abonrlities
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in rats (Muy et al., 1958). When inject intrade.lly into coloured

mice, HN2 causes loc greying of har (Boyland & Sargent, 1951).

HN2 induces point mutations in Escheriahia coli B/M12 (Brson, 1948)

and in conidia of strai 5256A of Neurospora crassa (Mdlroy et al., 1947)

and causes choisor abrrations in a variety of plants and mals
(see IDveless, 1966). Inductions by HN2 of domant lethl mutations in

iCRHa SWiss mice (Epstein et al., 1972) and of IUdR-resistant variants in

P388 mouse lyrhc: ælls (Anderson & Fox, 1974) have been reported.

HN2 hydrochloride produces the sar mutagenic effects as HN2: it

induces reverse mutations in Aspergiiius nidula:s (Kovaleno et al., 1969)

and in Escheriahia coli Sd-4-73 (Iyer & Szybalsk, 1958) and visible
recessive mutations an inerited sem-sterility in CB miæ (Falcoer et

al., 1952).

Sokal & æssr (1960) reported on four \\ with Hogki 1 s disease
who were treated with HN2 during the first and thrd (l cae) or secod

and third (3 cases) tr.isters of pregancy. No aborrlities were recrded
in the offspring at 2 IInths, 8l, 7 l and 9! years.

3. 3 Obserations in ma

No data were available to the Working Group. However, see also

mutard gas, p. 181.

4. Cæts on Data Reported and Evaluation 1

4. 1 Anil data
Nitrogen mutard, adristered rninly as the hydrocoride, is cacino-

genic in mice and rats. Following its subtaeous, intrapeitoneal or

intravenous injecion, it produce an increased incidence of lung tunurs

and thymc lyrs in mice¡ it produced a variety of rnlignant tururs
in rats followig its intravenous injection.

lSee also the section, "Aninl Data in Relation to the Evaluation of

Risk to Ma" in the intruction ta ths volur, p. 15.
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4.2 Hum data

No case reports or epidemologica studes refering ta exsures to

nitrogen mustad alone were available ta the WJrking Group.
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NITR: MUSTAR N-oXIDE (HYRORIDE)

l. Chemcal an Physical Data

Nitrogen nntad N-oxde

1. 1 Synonym an trade nas

Chem. Abstr. Reg. Serial No.: 126-8S-2

Chem. Abstr. Nam:

N-oxide
2-Choro-N- (2-choroethyl) -N-rrthyletlare-

2,2'-Dichloro-N-rrthyldiethylare-N-oxide; HN2 oxde mutad; MBO;
rrchorethe oxide; rrthylbis (S-chloroethyl) are-N-oxde;
nitrogen mustard ame oxde; nitrogen mus tad oxde*; nitroen
rrtard N-oxide*; l"; oxy-NH2

1. 2 Chemcal fonma and rrlecuar weight

o æ2.æ2Ci

H C - i/3 "
æ2.æ2Ci

CSHii Cl2NO .rl. wt: l72

l.3 Chemcal and physica propeies of the pure substace

(a) Solubility:

and ether

Soluble in water; spaingly soluble in bezene

(b) Stabili ty: ln the presence of heavy rrta ions i t rny decose
to formldehyde and secnda ames. ln aline solutions (pH 8)
it decoses rapidly, with libation of choride.

1. 4 Techca pructs and imuri ties

Nitren mutard (HN2) N-oxde is not produce c:cially.

*Ths nam is freqtly used when the hydroride salt is iæt.
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Nitren mutard N-ode hydrocoride

1. 1 Syonym and trade na:S

Chem. Abstr. Reg. Serial No.: 302-70-5

Chem. Abstr. Nar: 2-Chro-N- (2-choroethyl) -N-nithylethame-

N-oxde hydrochoride

2,2' -Dichoro-N-rrthyldiethylame N-oxde hydrocoride; nichor-
ethe oxide hydrochloride; nithylbis (2-choroethyl)ame N-oxde

hydrchoride; rrthy This (ß-choroethyl) ame N-ode hydrocoride;
N-rrthy lbi8'(ß-chloroethyl) amne N-oxide hydochloride ¡ N-rrthyl -
2,2' -dichorodethylame N-oxde hydrocoride; methyldi (2-choro-
ethyl) ame N-oxide hydrocloride; nitrogen mutad oxde*; nitrogen
mustard N-oide*; ni trogen mutard N-ode hydochoride; N-Gd-
Lest; NSC-lOl07; SK-598

Mito¡ Mutrn; Nitr; Nitr hydrchoride

1. 2 Cherca foi:a and irlecuar weight

o æ2.æ2Cl

H C - ¡/3 "
æ2. æ2Ci

. HCl C5Hi2C13NO .M1. wt: 208.5

l. 3 Chcal and physical propeies of the pue substaæ

(a) Description: eolourless, odourless cistas

(b) ~lting-point: l09-l100C

(c) Solubility: Freely soluble in water and ethol; slightly

soluble in bezene and ether

(d) Stability: Hydrolyses in alkaine solution (pH 8), much irre

slowly th dos the free bae

*Ths na is also used for the free base.
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(e) Reactivity: Fonn picrate (m.p., l22-124oC) ¡ reaily reduced,

e.g., re1eases iode fror potassium iodde

1.4 Techical products and imuri ties

Ni trogen rntad (HN2) N-oxide hydrocoride is available in Austria
and Japa in the fonn of tablets containing 5 mg active ingrecient and in

aiules for intravenous injection containg 25 and 50 ir (JAP, 1973 ¡

Ste.ick et al., 1969).

2. Production, Use, Occuence and Analysis

For i.rtant background infonntion on ths section, see preanle,

p. l7.

Ni trogen mustard N-oxide

2. 1 Production and use

HN2 N-oxide can be prepaed by treatig 2,2' -dichoro-N-rnthyldiethyl-

ame with hydren pexide and acetic anydride (Sakurai & Izur, 1953).
Although it is believed ta have been tested exrimtaiiy as an anti-

neoplastic agent, this chemca is not rnufactured or Ìlrted in a:r-

cial qutities in the US or Euope.

The only cacial use for HN2 N-oxide is believed te be as a chen-

cal inteniate in the maufacture of HN2 N-oxide hydrocoride, which is

rnketed in Euope and Japan as an antineoplastic agent (JAP, 1973 ¡

Stein et al., 1969).
2.2 Ocence

HN2 N-oxide is not knovv to occu in nature.

Nitrogen mustad N-oxide hydrochoride

2.1 Production and use

HN2 N-oxide hydrochloride can be prepad by treating 2,2' -dichoro-N-

iæthyldiethylame with hydrogen pexide and acetic anydride followd by

hydrochoric acid (Aiko et al., 1952).

ln the US, HN2 N-oxide hydrochloride has never been prouce or
rnketed as a COrcial prouct¡ hCMever, it has be tested for use as an
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antineop1astic agent (Bratzel et aL, 1963) and as an insec chersterilant

(Crystal, 1963; Gauck & Laecqe, 1964). Ths chemcal was prouce in
the Federal Republic of Gey and was used as an antineoplastic agent te
be adistered intravenusly (Stein et al., 1969).

ln Japan HN2 N-oxide hydrochoride has been used in hur ræicine as

an antieoplastic agent for the treatrt of 1ymans and oat-cell carci-
nams of the lung. It is adristered orally in doses of 0.5 ID/kg l:

daly for 5-12 days or intravenously in doses of 0.5-2 m;/kg l: daily

(Brué et al., 1973; JAP, 1973). Studes on the imsuppressive
effects of this chemcal in the treatrt of such diseases as nephotic

syndrome and in ski grafting have men made in tht colUtry (Nakao &

Umtsu, 1967; Shimzu, 1971).

2.2 Occurence

HN2 N-oxide hydrocoride is not know ta occu in nature.

2.3 Analysis

Large arunts (2-10 ID) of HN2 N-oxide hydrochoride can be detenned
using titrimtric methods after reaction with potassium iodide; smler
arunts (0.OL-0.06 ir) were rrasured colorirtricaly after reaction with

potassium iodde (Said et al., 1961). A chcmtographc sepaation tec-
niqu has men describ (Aio et al., 1952).

3. Biological Data Relevant te th Evaluation

of Carcinogenic Risk to Ma

3.1 Carcinogenici ty and related studies in anims

(a) Ski application

MJuse: Thee grups, 6 fene C3H/He mice, 13 Al mice of bath sexes

and 25 ddCF2 mice of bath sexes, 8-l0 wees of age, were given daily ski

applications of 0.05 nù of a l% solution of HN2 N-oxide (probably as the

hydrocoride) in aætone on 6 days per week for 17-20 wees. Of 37 mice

suriving longer th 21 weeks, 9 develope tunurs mtwen 33-74 weeks

afte the star of the exrimt. No tururs were fOlUd in a tota of 46

control mice suriving longer th 2l wees (Matsuyam et al., 1966).
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(since the maim surival of controls was not re:irted and the nurrs
of bath cotrol and treated animls are sm1, this study carot be
evauated. )

(b) Sutaeous and/or intrarcuar admistration
~use: Four weekly s.c. doses of 650 rr/kg bw (50% of the miim

lethal dose) of a 3% solution of HN N-oxide hydrochoride in saline were
give ta mae and femle dd/I suckling mice, 7 days old. Thyrc lymcns
were observ in 27/47 and lung adenoms in 20/47 treated mice suriving

80 or more days. Lung carcinmas and Harderian gland adenors also occued
in 8/38 and 6/38 mice suriving after 180 days. oter tururs occuring

in trated miæ, but not in saline-treated cotrols, tht suri ved 180 or

rrre days included 2 li ver tururs, 2 ovarian tururs, 1 haergior of the
duoenum and 1 forestoch papillcr. ln 69 saline-treated controls sur-
viving 80-450 days, 15 mice died with lung adenors. The average surival
tim in treated mice was 260 days (Matsuyam et al., 1969).

(c) Intravenus admistration

Rat: A group of 55 mae BR46 rats, 60-70 days old, received weely

i. v. injections of 4.2 rr/kg bw HN2 N-oxide hydrocoride for 52 weeks

(tota dose, 218 rr¡k li). Of 44 rats suriving at the appeance of the

first turur, l2 (27%) develope maignant tururs and 2 (4%), beign

tururs, coared with 4/65 (6%) and 3/65 (5%) cotrls, respectively.

Th average obseration tim of the tururs was 16 nonths in treated animls

and 23 rrnths in controls. In treated rats, 3 sarc:s in the aJal
cavity, 7 reticular-ce1l tururs, 1 osteosarco and 1 angiosarco in the
muscle were obsered. Maignant tururs in contrIs inc1uded 3 rn
sarco and 1 phaeochorcy (Sch & Osswald, 1970). (P':O. 01).

(d) Oter eximental system

Thee groups, 51 dt mice, 47 ddN mice and 29 dd nuce, received twice
weekly injections of 5 or lO rr/kg bw or weeky injections of 20 rr/kg bw

HN2 N-oxide hydrochloride in saline for l5 wees, respectively. The injec-

tions were gi ven by the i. p., i. v. or s. c. route in al1 groups. 'Ienty ddN
miæ sered as controls and were not injected. The numrs of tururs
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occuring in treated animIs suriving 26-80 weeks within each giup were

15/21 (7l%), 9/28 (32%) and 4/16 (25%), oonped with 0/l6 contrls.

Tuurs in treate animls were mainly lyrhors, fibrosarcos and pul-

rrar adenoms; 1 haemgiom of th li ver and 1 adenam of the paa-
thyroid gland were also observed (Tokuoka, 1960).

3.2 Oter relevant biological data

The i.v. LD in rats is 60 l1-g/kg l: (sch & Osswald, 1970).
50

After i. v. injection of 5 mg/kg l: l4C-CH3 -HN2 N-oxide in dos,

virtualy no activity was found in th bloo after one hour. ln the urine,

the highest level of radioactivity was found betwee 5 and 20 miutes after
the injection an had declined to zero after 4 hours (Ishidate, 1959).

HN2 N-oxide hydrochoride induces chomtid abrrations in Ehlich-

ascites turur cells grCM in l1use peritoneum (Rieger et aL., 1969), point

mutations in bacteria (Iyer & Szybalski, 1958; Szybalski, 1958) and dom-

nant lethal mutations in mice (Ehing, 1974).

3.3 Obserations in ma

No data were available to the Working Group.

4. Cots on Data Reported and Evaluation 1

4.1 Animl data

Nitrogen mustad N-oxide hydrocloride is cacinogenic in mice and

rats. Following its subtaeous injection in mice, it produced lung

tururs, thync lymans and Haderian gland adenoms; follCMing its

intravenous injection in rats it produced rninly lynoreticular tururs

and sarcos.

4. 2 Hur data

No case reports or epidemological studies were available ta the

V\rking Group.

lSee also the secion, "Anim Data in Relation ta the Evaluation of
Risk ta Ma" in the introduction to this volum, p. 15.
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OESTRIOL MUSTAR

i. Chencal and Physical Da ta

1. 1 Synnyr and trade nas

Chem. Abstr. Reg. Serial No. : 22966-79-6

Chem. Abstr. Nam: Estra- l, 3,5 (10) -triene- 3, l7 ß-diol ,bis (tpara- (bis-
(2-chorothyl) amo Jphenyl ì acetate)

Bis (t 4- (bis (2-choroethyl) amoJbezeneìacetate) estra- 1,3,5 (10) -triene-
3,17-diol (l7ß) ¡ bis (t4-(bis (2-choroethyl) amo)bezeneìacetate) oestra-
1,3,5 (lO)-triene-3,17-diol (l7ß) ¡ bis (tpara(bis (2-choroethyl)amoJ-
phenylìacetate) estradiol¡ bist (para (bis (2-choroethyl) aroJphenyiì-
acetate) estra- 1,3,5 (LO) -triene-3, 17ß-diol¡ bis (tpara(bis (2-chloroethyl)-
amoJphenylìaætate)oestradiol¡ bis (tpara(bis (2-choroethyl)amoJ-
phenylìacetate)oestra-l,3,5 (LO) -triene-3,17ß-diol¡ NSC l12259

1.2 Chemcal foi:ula and molecar weight

oCICHi.CHi.. 10. ~ Il
N -CH2- c-o

CICH2.CHr

o
Il ~O' ~ lH;.CHiCIO-C-CH -NCH3 2 'CH2.CH2CI

C42H50Cl4N204 .ML. wt: 788.7

1. 3 Chencal and physical propeies of the pure substace

(a) Melting-point: 40-650C (freeze-dried)

(b) Spetrscopy data: Àrn 261 nm (in ethol)

(c) SolubilitX: Insoluble in water¡ soluble in dithyl Sulphoxide

and N ,N-dithylfoi:de, but addition of water causes precipi-
tation¡ soluble in bezene, chorofoi:, ethyl aætate and

2-iæthoxethanol
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(d) Staility: Solutions in chloroform, bezene, ethyl acetate and

2-mthoxyethanol shCM no chage in 24 hours.

1.4 Téhrcal prodùcts' an ìmi ties

Cestradiol mustad is not produced camcially.

2. Production, Use, CXcurence an Analysis

For imrtt backgroun infonntion on ths section, see prearle,

p. l7.

2.1 Prcruction and use

Cestradiol mustad can be prepaed by treating ethyl para-amnophenyl-

acetate with ethylene oxide an ethyl alcohol ta yield ethyl para-(N",N-bis-

(2-hydroxethyl)amo)phenylacetate. This is then chlorinate with phosphorous

oxychloride and hydolysed to give para-(N",N-bis (2-chloroethyl)amno)phenyl-

acetic acid. TreatInt of this acid with thionyl chloride yields th hydo-
chloride of para-(N",N-bis(2-chloroethyl)amno)phenylacetic acid chloride,

whch, wh treate with oestradiol, yields oestradiol mustad (Wall et al. '"
196 9) .

Cestradiol mustad is not maufactued in camcial qutitites in

th US, Euope or Japa. HCMever, bath labratory and clincal studies have
be conducte on its use as an antieoplastic agent. Beuse bath oestrocens

and alkylating agents are believed ta produce regessions in ma tumurs
when used sepaately, trial use of this checal, which canines bath steoid

and mustad rnieties, was favoured for advanced breast cacer (Everson et

al. '" 1973¡ Voiim et al., 1973).

2 . 2 CXcuence

Cestradiol mustad is not knaw ta oc in nature.

2.3 Analysis

,Th-layer chrantoaphy and ultraviolet spectrophotatr may be used

for detennnation of th pure canun (Vol1m et al. '" 1973).

¡f'
:¡
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3. Biological Data Relevant to the Evluation

of cacitiogenc Rìsk toMa

3.1 caeitiogert:icity a. related studies in anls

Intrapeitoneal admstration

Mese: Male and femle A/He mice, 6-8 weeks old, recei ved 8 or 12 i. p.
injections of oestradiol mutard in tricaprylin at thee dose levels (total
doses, l. 6, 1. 2 and 0.48 gjkg bw). 'I series of controls wee mantaed:
untreate mice killed at th sam ti as the treated anirls, and controls

whch received th vehcle alone. Th exirts wee tente 24 weeks
afte the first injeciton, and the numrs of treate rnce suriving were

19/20, 19/20 an 15/20 at the thee dose levels, resptively. Iug tuurs

develope in 19/19, 19/19 an ll/l5 mice, wi th 5, 3.6 an 2.8 lung tumurs
pe mouse. Of 77 maes and 77 femles injecte with tricaprylin alone an

suriving 24 weeks, 28% males and 20% femles develope lung tt:urs, with

0.24 and 0.2 lung tuurs pe mouse. In the sa eximnt oestradiol

mustad was reporte ta be abut 25 tis less potet th uracil mustad

on a molar basis (Stoner et al." 1973).

3.2 Oter relevant biological data

Daily doses of 20-80 rnjkg l: oestradiol musta given to dogs for

14 days produced vanting, lymhopaenia and reversible anaeIa at lowr doses,

an,in adition ta thse symtan, convulsions, death an neutrapenia at the

highest dose. Feme dogs show signs of oestrs an enantrial hyplasia¡

degeærative chages in spetogenic cells and squs mataplasia óf the
prostate wee obsered in maes (Schaeppi et al." 1973).

~stradiol rrstad inhited the spcific binding of 3H-oestradiol-l7ß
*

to uteine cytsol receptors¡ th alkylatig moiety, pheste , was witlout

effect. Sucrose gradient anlysis indicate that oestradiol mustad bloced

th formtion of th specific 8S 3 H-ostradiol - 1 7 ß-receptor canlex of

cyoplasm(Everson et aL." 1974).

*
tpara-(bis (2-chloroetiyl) amno)phenyl¡acetic acid, ethyl ester
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3.3 Obseations in ma

No data were available te the Virking Group.

4. Cants on Data Reported an Evaluation 1

4.l Animl data

Oestradiol rrstad is cacinogenic in mice follCMing its intrapeiteneal

injection, the only spies and route teste, producing a dose-relate

increase in th incidence of lung tumurs.

4.2 Hu data
No case reports or epideIological studies were available to the

Workig Group.

1 Se also th setion, "An Data in Relation te th Evaluation of

Risk te Ma"in 'the introduction te ths volum, p. 15.
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PHOXYENZA (HYRORIE)

1. Chemcal an Physical Data

Phenoxbenzamne

1. 1 Syonym and trade nas

Chem. Abstr. Re. Serial No.: 59-96- 1

Ch. Abstr. Na: N- (2-coroethyl) -N- (1 -nthyl - 2-phenoxethyl) -
bezenenthne
N- (2-coroethyl) -N- (l -mthyl -2-phenoxethyl) bezylame; diylin;
dizy lene; N-phenoxisopropyl -N-bezy 1 -ß-chloroethy lane

1.2 Checal fonla and rrleclar weight

~ CHi
\QO.CH,.~

/ NCH2.CH2CI

(QCH,

C18H22ClNO

MoL. wt: 303.8

1.3 Chca and physical properties of the pure sustace

(a) Description: Crstals fran petroleum ether

(b) Meltig-point: 38-400C

(c) Solubility: Soluble in acidified aqueous solutions of propylene

glycl; soluble in benzene, heptae an tricaprylin

1.4 Telmcal prcxucts and.iuri ties

Phenoxbenzame is not maufactued carcially.

Pheaxbezame hydochloride

1. 1 Synonym an trade nas

Chem. Abstr. Re. Serial No.: 63-92- 3
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Chem. Abstr. Nar: N- (2-Cloroethyl) -N- (l-methyl-2-phenoxyethyl)-
benzenemthne hydrocoride

2- (N-Bezyl - 2-chloroethylamno) -1 -pheoxropa hydochloride;
bezyl (2-chloroethyl) (l -mthyl -2-phenoxyethyl) ame hydrocoride;
N- (2-chloroethyl) -N- (1-mthyl-2-phenaxethyl)bezylame hydochloride

Bensylyt NE; Blocadren; Dibnyline; Dibzyline; Phenoxyzamn

l.2 Chemcal fonmla an rrleclar weight

CH3

(QOoCH2. ~
/N-CH2.CH2CI

(Q CH2

. Hei

Ci8H22CINO.HCl MoL. wt: 340.3

l.3 Chcal and physical propeties of the pure sustace

(a) Description: A whte, odourless, almst tasteless crstalline

püer
(b) Melting-poìnt: l37.5-1400C

(c) Spetroscopy data: À 272 nm, El = 56.3;ma i À 279 nm, El = 46.lma 1
(d) Solubility: Spingly soluble in water; soluble in 9 parts ethanol

an in 9 parts chlorofo:i; soluble in 50:50 ethanol:propylene

glycol
(e) Staility: Solutions in 50:50 ethol:propylene glycol are stale

when stored below 250C.

l.4 Tehnca products an imi ties
Pheaxbezamne hydochloride is available in capsules containing 10 mg

active ingrErient (Blacow, 1967; Budesverbran der pha:zeutischen Industrie,
1969; Pullan, 1968-69; Smth Kline & French Iaratories, 1974).

224



2. Production, Use, CCcuence an Anlysis

For imrtt background inormtion on ths section, see prearle,

p. l7.

Phenoxnzamne

2.1 Production an use

Phenoxybenzamne can be prepaed by treating 2-phenoxy- 1 -rthyl ethanol

with thonyl chloride to yield 2-phenoxy-l-methyl-l-chloroethe. Ths
product is then treated with etholamne followed by benzyl chloride to
produce the N-benzyl derivative. Suseqent treatmt with thonyl chloride

yields phenoxybenzamne hydrochloride, which can be neutralized to produce

phenoxybenzamne (Kern & Ullyot, 1954).

2.2 CCcuence

Phenoxybezamne is not knCM to occu in natue.

Phenoxybezamne hydrochloride

2.1 Production and use

Phenoxybenzamne hydrochloride can be prepared by the same method

describ for phenoxbenzamne. Al though i t has been produced an makete
by one canpay in the US since 1953, data on the qutity produced are not

report¡ it is estite tht sales of phenoxybenzamne hydrochloride in

1973 amunted to approximtel y 25 kg. L t is believed that sane of the

production was exrted to Euope.

This chencal has been used in hLn meicine as a long-actig adrenergic

blocking agent: i t is reported to increase peripheral bloo flow, raise skin

teature, relieve causalgic pain and lCMer bloo pressure. L t has been

used to control episodes of hyptension and sweating in phaochrantan
and in the treatmt of peipheral vascular disorders such as Raynaud' s

syndran, acrocyanosis, causalgia, chronic ulceration of the extrem ties,
frostbite segelae and diabtic gangrene. It has been classified by the

US Foo and Drg Adnistration as effec ive for th treatit of phaeo-

chranytan and possibly for peipheral vascular disorders. It is ads-

teed orally, in initial doses of LO mg daily, increasing ta 20-60 mg/day,

depeing on the response of the patient (Meical Econamcs Cay, 1975).
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2 . 2 Occuence

Phenoxybenzamne hydrochloride is not knaw to occu in nature.

2.3 Anal ysis

An IR spectrophotometric method for determnation of the puri ty of

phenoxybenzamne hydrochloride samples is gi ven in the British Pharcopoia

(British Pharacopoia Cæission, 1973). Phenoxbenzamne hydrochloride

can be separated by thn-layer chromtogaphy (Masuoka et al., 1967).

3 . Biological Data Relevant to the Evaluation

of Cacinogenic Risk to Ma

3 . 1 Carcinogenici ty and related studies in animals

Intraperi toneal admnistration

Mouse: Thee groups of 20 A/He mice of bath sexes, 6-8 weeks old, were
given 4 i.p. injections of phenoxybenzamne dissolved in tricaprylin for

total doses of 200, 100 and 40 mg¡kg bw (injection interval not specified) .

Twenty-four wees after the first injection the 7, 14 and 20 suri vors were

killed, and 3, 9 and 9 had lung adenoms and adenocarcinaTs, wi th averages of

0.71, 0.79 and 0.45 tumours per mouse. ln controls, 80 mice of each sex

received 24 weekly injections of tricaprylin. Of the 77 male and 77 femle

surivors in each group, lung tumours were found in 28% of males (average,

0.24 tumours/mouse) and 20% of femles (average, 0.20 tumours/mouse). (The

difference in incidence of lung tumours between treated and control mice was

statistically signficant at the low (P~O. 05) and meium (P~O. al) dose levels. J

ln the sam exrirnt, uracil ITstad was 46 tims more patent than phenoxy-

benzamne on a molar basis (Stoner et al., 1973).

3. 2 Oter relevant biological data

The oral 10 in rats is 2500 mgjkg bw.
50

concentration is lO mg¡kg bw. The oral 10
50

(Eaes & Eltherington, 1965).

ln dogs, the lowest lethal i. v .
for guinea-pigs is 500 mg¡kg l:.

An i. v. injection of l4C-phenoxybenzamne hydrochloride in NM mice

remned in blcx for 40 minut.es. Radioactive material was thereafter found
in brown fat, liver and kidneYi other organs (notaly the heart and central

nervous system) attained relatively higher activity, which persiste for
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4 days.

the bile
32.8% of

Fou hours after i. v. injection of 1 '- C-phenoxybezamne hydrochloride,

fran tw anaesthetized male Sprague-Dawley rats contained 29.3% and

the adistered radioactivity (Masuoka et al." 1967).

3.3 Observations in ma

No data were available to the Working Group.

4. Conts on Data Reporte and Evaluation 1

4.1 An data
Phenoxybezamne is carcinogenic in mice follCMng i ts intrapei toneal

injection, the only spcies and route teste, producing an increased incidence

of lung tlnnours.

4.2 Hum data

1' case reports or epidemological studies wee available to the Working

Group.

1 Se also th section, "Animl Data in Relation to Evaluation of Risk

ta Ma", in the introduction to ths volin, p. 15.
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TRrnROE'I HYRCCRIDE

1. Chancal and Physical Data

1.1 Synonyms and trade nars

Chem. Abstr. Reg. Serial No.: 817-09-4

Che. Abstr. Nam: 2-Cloro-N ,N-bis (2-chloroethYl)ethanne hydro-
chloride

*
RN3 ¡ RN3 hydrochloride¡ NSC-3021l¡ R-47¡ SK-lOO¡ tri (ß-chloroethyl)-
amne hydochloride ¡ 2,2',2" -trichlorotriethy lame hydrochloride ¡

*
trimstine trimstine hydochloride¡ tris (2-chloroethyl) amne hydo-

chloride¡ tris (ß-chloroethyl) amne hydrochloride¡ tris (2-chloroethyl)-
amne monohydrochloride ¡ tris (ß-chloroethyl) amne monohydrochloride ¡

tris-N- lost¡ TS- 160

Ieam¡ Sinlost¡ Trichlonnthne¡ Trillekamn¡ Trirta
1.2 Chemcal fonnla and moleclar weight

æ2.CH2Cl/ciæ2.æ2.N"æ2.CH2Cl

. Hel C6Hi2C13N. Hei fuI. wt: 241. 0

l.3 Chemcal and physical properties of the pure sustace

(a) Description: Whte pcer¡ the free base is a colourless, oily
liqud whch beors yellCM or brow on stading.

(b) Melting-point: l31-132.20C

(c) Solubili ty: Very soluble in water ¡ soluble in ethanol

(d) Volatility: Volatile at roa temature

(e) Reacti vi ty: Fonn picrates

(f) Staili ty: Aqeous solutions deteriorate rapidl y .

*
Ths nar is also used for the free base, trichlorotriethylame.
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1.4 Techncal products and inuri ties

Trichlorotriethylamne hydrochloride is available in Euope in ampoules

for i. v. injection contaning 5 mg active ingredient mixed with 14 mg

citric acid (Bundesverbrand der phazeutischen Industrie, 1969).

2. Production, Use, Cccurence and Analysis

For imrtat background informtion on ths section, see preamle,

p. l7.

2.1 Production and use

Trichlorotriethylamne hydrochloride can be prepared by treating
triethanolamne with thonyl chloride (Ward, 1935).

ln the Federal Republic of Germy trichlorotrietylamne hydrocloride
is used in hum rricine as an antineoplastic agent for the treatmnt of

neoplastic diseases such as lymhoganulan, lymhosarcom, giant follicular
lymham, reticulosarcan, chonic lymhoid leukaema, mycosis fungoides,

bronchial cancer, Hodgkin' s disease, polycytaema vera an carcinans of
the lung. It is admnistered intravenously in doses of 1-5 mg at intervals

of 2-3 days until a total dose of 20-60 mg has been gi ven (Bundesverbrand

der phazeutischen Industrie, 1969). Studies of its use as an antineo-
plastic agent have also ben conducted in the US (Bratzel et al., 1963).

Trichlorotriethylamne hydrochloride has also been tested for use in

the treatmnt of arthitis (Vykydal & Klabusay, 1957) and as a fixing agent

in textile dyes (Lister et al., 1962, 1964). The corresponding free base,

trichlorotriethylamne, is a vesicant but has never æen used in militar
conflict (Witten et al., 1964).

2.2 Cccurrence

Trichlorotriethylamne hydochloride is not knOt to occur in nature.

2.3 Analysis

A colorimtric method in which 4- (4' -ni trobenzyl) pyridine is used as
analytical reagent was applied to assays of various alkylating agents. This
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chemcal may also be detered by th-layer chtoraphy (Epstein et

al., 1955; Petering & Van Giessen, 1963; Sawicki & Sawicki, 1969).

3. Biological Data Relevat ta the Evaluation

of Carcinogenic Risk to Ma

3. 1 Carcinogenicity and related studies in animls

Subcutaeous, intrapeitoneal or intravenous admistration

lvuse and rat: A tatal of 230 SWiss mice and albino rats were

injected s.c., i.p. or i.v. with approximtely 0.5 rr/kg l: trichlorotri-

ethy lame hydrochloride or iæthy 1 -bis (S-chorothy l) ame hydrocoride.
Sa anirs received a single dose, while others received injections
wely for a period of 5-9 months. Fibrosaroos, lymosarcos and
adenocarcinors (unspecified) develope in l5-20% of the treated aninls,

whereas no tuiurs develope in control animls given injections of saline.

The tuiurs usually appeed 4-8 months after admistration of the chem-

cals (Griffin et al., 1950). (No furer details were reported. J

3.2 Oter relevant biological data

Trichorotriethylame hydrochoride is a strong vesicant on skin and
causes conjunctivitis and lung dage. The single i.v. ID for trichloro-

50
triethylame is 0.7 II/kg l: for rats and 2.5 II/kg bw for rabits; in

the case of cutaneous application i t was 7 rr/kg l: for mice, 4.9 II/kg bw

for rats, 19 rr/kg l: for rabbits and 1. 0 mg/kg l: for dos (Anslow et al.,

1947). Proressive anaera, lyrhocytopaenia and bone-rnow dage were
found in mice an rabits following chonic admistration of the hydro-

choride. All coloured mice ShCMed greying of hair (Boyland & Horning,

1949; Friederici, 1955).

Trichlorotriethy lamne hydrocloride induces :lint mutations in auxo-
trphic strains of Schizosaccharomyces pombe (Heslot, 1962) and chomsome

abrrations in exrirtal Walker carcinoma cells (Boyland et al., 1948;

Koller, 1969).

3.3 Observations in ma

No data were available to the Working Group.
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4. Cats on Data Re:£rted and Evluation

4. 1 An:il data

Althugh there is an indication in one study tht trichorotriethyl-

ame hydrchoride is cacinogenic in rnce and rats, the data are in-
sufficient te allCM an evaluation of the carcinenicity of ths chemcaL.

4.2 Hum data

l\ case re¡;rts or epideIological studies were available to the

Vbrking Group.
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URCIL MUSTAR

1. Chemcal and Physica Data

1. 1 Synonym and trade nams

Chem. Abstr. Reg. Serial No.: 66-75- 1

Chem. Abstr. Nar:

dione
5- (Bis (2-chloroeth l) amo J -2 , 4 (lH, 3H) pyrimdine-

5-Arouracil mustard¡ 5-(bis (2-choroethyl) amoJuracil¡ 5-N ,N-

bis (2-chloroethyl)amouracil¡ CB-4835¡ demthyldopa¡ desmthyl-
dopan¡ 5-(di (ß-choroethyl) amoJuracil¡ 2,6-diydrox-5-bis (2-
choroethyl) amopyrimdine¡ EN 50439 ¡ NSC-34462 ¡ SK- 19849 ¡

U-8344 i uramtine

l.2 Chemcal fonnula and Itlecular weight

H
1

ON"',-o
CICH2. CH2, 1 r

/ N Il 'HCICH2.CH2 0

C8Hii C12N302

MoL. wt: 252. 1

1. 3 Chemcal and physical propeies of the pure substace

(a) Description: White, odurless cistals fro rnthol and water

(b) Melting-J:int: Abut 2000c (decxsition)

(c) Spectoscopy data: À-ma 257 nm (O.OlN H2S04 in 95% ethol) i

El = 226
1

(d) Solubilit:': Slightly soluble in rrthol and in acetane (2 rr/

ml) ¡ ve slightly soluble in water¡ practica11y inolub;Le in

bezene and choi:fonn¡ soluble in dithylacetade and 5%

aqueous solutions thereof
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(e) Stability: Uns table in water and acid solutions

l.4 Techical products and imurities

Uracil mustard is available in the US in the fonu of capsules con-

taining 1 mg active ingredent (Kastrp, 1974).

2. Proouction, Use, Occuence and Analysis

For imrtant background infoTItion on this section, see prearle,
p. 17.

2. 1 Production and use

Uracil mutad can be prepaed by treating 5-amouracil with ethylene

oxide to give 5-bis (2-hydrxyethyl)amouraciL. This product is th

treated with thionyl choride, yielding uracil mutad (Lyttle & Petering,

1958) .

Uracil mustad has be maufactured by one cxany in the US since
1962; howeve, on1y 26 g were maufactured and s01d in 1974, and it is

neither .irtd nor exrted by that countr.

Uracil mutad has been used in hum meicine 11 the treatment of
various malignant diseases, including chnic lymhocic leukema, folli-
cuar lymhoms, Hodgkin' s disease, reticuumce11 sarco, lymblastic

lyrhom, mycosis fungoides, chonic myelogenous leukaema, polycyema
vera and carcinom of the ovar and lung (Kastrp, 1974). It is adms-

tered orally in doses of 1-2 ir daily for thee weeks (Go & Gilm,
1970) .

Uracil mutard has been tested in labratory an.ls as an iro-

suppressive agent (Buskirk et aL., 1965; Ka & Bradley, 1968; Nelson &
Bridges, 1965) and agait influenza and vaccinia viruses (Sidwell et aL.,

1968) and cer strais of bacteria (Wacker -et al., 1966). It has also
be tested as an insect cheisteri1ant but has never been made cocial1y
available in the US for ths purse (Fye et aL., 1965).

2.2 Occuence

Uracil mutard is not know to occu in nature.
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2. 3 Anal ysis

Uracil rrsta may be detenOO colorimtrically by its reacton with
8-hydrxyquoline in alaline solution (Anon., 1964) or by reaction with

4- (4 '-nitrbezyl) pyridine in acid solution for its estimtion in bloo
(Klatt et al., 1960; Petering & Van Giessen, 1963). Both Intbs ca
detect abut 5 llg/ml.

3. Biologica Data Relevant ta the Evaluation

of Carcinogenic Risk ta Ma

3.1 Carcinenici ty and related studies in anirs

Intrapeitoea admistration

Mouse: Thee groups of 20 A/He mice of bath sexes, 6-8 week old,
receive 7 i.p. injections of uracil mutad in tricaprylin over a 24-week

peiod (total doses, 40, 20 and 8 m:/kg bw). At the end of ths period

there wee l5, l8 and 19 surivors, respectively, and all develope lung

adenan and adenocarcinans, the averages being 23, l2 and 3. 7 tururs pe

iruse, respectively. ln 80 mae and 80 ferle controls which received 24

weekly i.p. injecions of tricaprylin, there were 77 male and 77 femle

surivors at 24 wees, and 28% maes and 20% feres develope 0.24 and

0.20 lung tuiurs pe rruse, respetively (Stoner et al., 1973).

Mae and fere lVJ rnce, 4-6 weeks old, were given i.p. injecions of
uracil mutad in tricaprylin or in l% acacia solution thice weely for
4 week (tata doses ranged fran 0.l8-l2 rrjkg lM). Th-nine wee after
the first injection, the surivors were killed and exEd for lung ade-
nor and adenocarcinan, and the resul ts are shCM in the follawing tale
(Shiin et al., 1966):
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Tota dose SUivors/ % Mice Me no. of
(ir/kg lM) origin no. with ti.urs pe

of an:Îs tururs rruse

12 28/60 LOO l5.6
9.6 30/30 LOO 20.3
3 52/60 LOO 6.6
0.76 54/60 85 2.0
0.18 55/60 56 0.9

Vehcle (maes) 385 39.5 0.5
Vehicle (ferles) 392 31.4 0.36

Groups of 25 mae and 25 feme Swiss mice, 6 wees old, were given
i.p. injections of 0.12 or 0.5 mg/kg l: thice weely for 6 rrnth, follO'wed

by obseration for a furer l2 rrnth, at whch tin the anirs were

killed. Lung tururs occued in 7/37 males (P=O.l) an in 23/40 feies

(P,O.OOl). Liver tururs occured in 4/37 maes (P=O.018) and ovarian

tururs an lyms occued in lO/40 and 20/40 femles, respeively
(P,O. 001) . Th incideces of each turur typ wee significantly greater

in treated anirls th in CDntrols (Weisburger et al., 1975).

Rat: Tw groups of 25 mae and 25 feme Chles River CD rats, 6
wes old, were given thice weey i.p. injections of 0.l5 or 0.3 mg/kg bw

for 6 rrnth, follCMed by obseration for a furer 12 rrnth, at whch
tir the anirs were killed. Peritoneal sarccs occued in 10/38 maes

and in 8/39 feres (P'O.OOl) i lyms occued in 6/38 males (P,O.OOl)

and in 4/39. ferles (P=0.004) i pacreatic tururs were foun in 3/38 maes
(P=0.005) i ovarian tururs and ma cacinans wee foun in 4/39
(P,O.OOl) and 8/39 (P=0.03) ferles, respetively. The incidences of each

turur typ were significantly greater in treated aniis than in cotrols

(Weisbuger et al., 1975).

3.2 Oter relevant biological data

The oral LD of uracil mustad in Donr rats is 3. 55 ir/kg l:
50

(Chg, 1964). LD 's for nuce and rats of 2-6 mg/kg l: (orally) an 1-3
50

mg/kg lM (intramcularly or intrapeitoneally) were re~rte: by Ballerini
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et al. (1965). Chg (l964) found tht uracil mutard induced extensive

dage in rat bone marow and testis. ln the study of Shimin et aL. (l966)
quted abve, higher doses of uracil mustad caused hepatic changes con-

sisting of ear 1 y ¡;rtal cirrhosis.

2-lI+C-Uracil mutad was admistered at a dose of 4 m: ta 265 Walker
cacinsarca-being Holzm rats. Ina:rpration of the 1 1+ C- labl into
macrarlecules in subllular fractions of various tissues was measured for

6 hours afte adnistration and was generally found to be maiml by 1

hour and to be rrre exensive in RN th in DI' or protein (Byoet &

Buch, 1962).

Adstration of uracil mustar to fenle rats in doses of 0.3 and
0.6 i-/kg l: on the l2th cly of pregancy prouce malfo.rtians in the
suriving offspring at 2l days: exenæphy, retarded an club appe-
dages and deforr paws and tail were see (Chaub et al., 1967).

The reaction os 0.2 l.les/ml uracil mus tard wi th hepainizOO htm
bloo at 370C in vitro was ræasured colorimetrically: abut 50% of the

original dr was no longer detecable after 30 mis (Klatt et al., 1960).

3.3 Obserations in ma

No data wee available to the Working Group.

4. Ccts on Data Re¡;rtOO and Evaluation 1

4.l Anii data

Uracil mutard is cacinogenc in iice and rats following its intra-
peitoeal injection, prcucing a dose-related increase in th incidence of

lung tururs in nuce and a variety of tururs in both nuce and rats.

4.2 Hum data

No cae report or epideological studies were available ta th
WJrking Grup.

1 See also th secton, "Anim Data in Relation ta the Evluation of
Risk ta Ma" in th introducion ta this volUJ, p. 15.
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SEL AN SEL CCMS

A WHO Environmental Health Criteria docent is in prepaation, and

therefore the chemcal and physical data and inforntion on production, use,

occurence and analysis are covered only briefly. As to the biological data,

only those which are strictly relevant to the assesSfent of carcinogenic

risk are mentioned.

l. Chemcal and Physical Data

1.1 Synonym and trade naes

Chem. Abstr. Reg. Serial No.: 778-24-92

C. 1. No.: 77805

l.2 Chercal identi ty and atorc weight

Selenium is an element of Group VI of the periodic tale, lying between

sulphur and tellurium. Its atamc numr is 34 and its atorc weight, 78.96.

Selenium has six stale isotopes wi th mass numrs 74, 76, 77, 78, 80 and 82.

1.3 Chemcal and physical properties of the pure substance

(a) Description: Thee allotropic moifications exist: (l) ITnoclinic
(red) selenium, m.p. 1440C; (2) grey selenium, rn.p. 2170C; and
(3) arrphous selenium, which has thee fonn - vitreous, red

arrphous and colloidal selenium.

(b) Solubili ty: Soluble in cabon disulphide, benzene and qunoline.

Selenium oxide is ver soluble in water, rrthanol, ethanol and

acetone. Sodium selenite and sodium selenate are also readily
soluble in water.

(c) Stabili ty: Oxidized to selenious acid by ni tric acid. Arrphous

selenium reacts with water to give selenious acid. Selenium oxide,

selenites and selenates are easily reduced ta selenium. Sodium

selenide decoses in water.

(d) Reactivity: The most important valencies of selenium are SeII,

seIV and SeVI.
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Selenium oxchloride, SeOl2, a yellowish corrosive liqud,

attacks most metals and is a solvent for sulphur, selenium,

tellurium, ruber, balite, gu, resins, celluloid, gelatin,
glue, asphal t and other materials. Selenium reacts wi th rrtals

to gain electrons and to form ionic selenide CDunds; covalent
ccmunds are formed wi th other elerts.

1.4 Technical products and imuri ties

Selenium is available in ccrcial, high-purity and ultra-high-purity

grades. The comercial grade contains a miimum of 99% selenium and may

contain maim of 0.2% tellurium, 0.1% iron, 0.005% lead and 0.005% copper

as ÌIurities. It is sold as 200-mesh i:der, in lum size and in a size of

interiate coseness. The high-puri ty grade, sold in shotted and fXer

form, is reported to contain a miimum of 99. 99 % selenium. Imuri ties which

may be present at concentrations no greater than 1-2 rr/kg each are iæcu.
tellurium, iron, arsenic and other non-ferrous rrtals undesirable in elec-

tronic and electrostatic applications. Higher a:mcentrations of "inert"

contaants such as sodium, magnesium, calCit:nii, alumium and silicon ca
be tolerated. The ultra-high-purity grade, prepaed only on a labratory

scale, is reported to contain O.OOOl-O.OOl% imurities. Ferros elenium,
containing 57.5% selenium, is also available ccrcially (Elkin & Hargrave,

1968) .

2. Production, Use, Occurence and Anlysis

A review on selenium has been published (Elkin & Magrave, 1968).

2.1 Production and use

Selenium was first isolated frcm pyite by Bezelius (Berzelius, 1817)

as a red sedirnt in sulphuric acid. No nearly all selenium is obtaned

as a by-product of the electrol ytic ref ining of coppe, in which coppe-
refiner slirs are treated with sulphuric acid to dissolve the copper as

copper sulphate. ln one method used corrercially in the United States, de-

copperized slirs are smelted in a rota kiln with sodium bisulphate, and

selenium dioxide is volatized and collected in a scruber-Cottrell systEm.

A srll amunt of selenium is recovered in the maufacture of sulphuric acid.
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Puified selenium may be obtained by dissolving the dioxide in water and

precipitating selenium with sulphur dioxide (Elkin & Magrave, 1968).

World production of selenium in 1973 was estimted to have ben l.l

million kg (Baltrusaitis, 1974; US Bureau of Mies, 1974); 80% of ths was
produced in Canada, Japan and the US.

Conercially produced counds include selenium dioxide, sodium
selenite, sodium selenate, selenic acid, selenium oxychloride, cadmum

sulphoselenide and selenium diethyldithiocarbamte (Elkin & Margrave, 1968).

Selenium is used ln the maufacture of glass to impart rOO and bronze

colours or tints, and to neutralize undesirable green colours produeed by

iron impurities. The glass container industr consumes 0.11-0.l4 million

kg of selenium anually (Baltrsaitis, 1974; Elkin & Magrave, 1968).

ln the paint, plastics and ceramcs industries, cadmum sulphoselenide

pigmts are used to produce eolours ranging fran yellow to maoon
(Elkin & Magrave, 1968).

Because of i ts sani -conducting properties, selenium has been used in
the maufacture of rectifiers for electronics applications. ln reeent years,

silicon has replaced selenium ln high-voltage industrial rectifiers, but

selenium rectifiers are still ln demd for hcme-entertirint eqipnt
(Baltrusaitis, 1974). It is also used in photoelectric eells for instruents

such as photaneters, colorimeters, "electric eyes Il and photographie exsure
meters (Elkin & Magrave, 1968); and selenium-coated photoreceptors are
used more and more freqently in dr photocopiers (Baltrsaitis, 1974).

Selenium is used as ah addi ti ve to imrove the machinabili ty and to
reduce the porosity of steels (Baltraitis, 1974). It is also used as an

additive in bath natural and synthetic rubers to increase the rate of

vulcanization and to improve the ageing and mehanical properties of
sulphurless and low-sulphur stocks (Elkin & Magrave, 1968).

Selenium sulphide is the active ingredient in several pharceutical

and cosrtic products, including a prescription drg for the treabnt of

dandrff and a non-prescription dandrff shampo, which are used for the

treatmnt of superficial skin mycosis (Baltrusaitis, 1974; Elkin &
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Magrave, 1968). Approximtely 200 kg of ths cound are believed ta be
const:d anuall y in these products.

Selenium and its canunds are also used as catalysts, e.g., in labra-

tory determations of ni trogenous materials and as oxidizing agents in the
synthesis of certain organic chemcals such as cortisone and niacin (Elkin &

Magrave, 1968), and as reducing agents. Selenium diethyldithocarbamte
has also be reported to have been used as a fungicide (Innes et al., 1969).

ln 1974 the US Foo and Drug Admistration approved the use of sodium

selenite or selenate in the feeds of SWlne, turkeys and growing chickens up

to 16 weeks of age; the pennssible levels are 0.1 rr/kg in swine and

chicken feeds and 0.2 mg/kg in turkey feeds (Anon., 1974). The purse of
these additives in feed is to prevent selenium deficiencies, which ca
result in decreased growt rates, disease and death (Anon., 1973). The

nutri tional value of the selenium found in trace amounts in the hum diet
has also been studied (Higgs et al., 1972).

ln veterinar medicine, selenium salts have been used in conjunction

with vita E to prevent muscular dystrophy. Sodium selenate has been

admistered to prevent exudative diathesis in chicks, white muscle disease
in sheep and infertility in ewes. It is reported to prevent pneurnia in

premture lams and calves and to control hepatitis in swine (Elkin &
Magrave, 1968).

2.2 Occurence

Selenium is widely distributed thoughout the environmt, occuring in
air, water, soil, vegetation and foo.

It occus in rrtal sulphide deposits tht are mied primily for
copper, zinc, nickel and sil ver. The buring of coal represents the
principal source of environrtal contamation with selenium counds:
estimtes of the aIunt of selenium released anually ta the atisphere
ln the US in this way are of up to 4 million kg.

Selenium is present in the major ocans and ln inland waters; as a

result, it occus in drining-water.
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Its presence in soil in varing concentrations contributes to its

occurence in may plants sane of whch absorb and accuulate large amunts
of this elemt. Selenium ca occu in pape and paper products and is

subsequently released to air upon their incineration.

Due to its widespread occurence, it is found ln animls and foos.

Major dietar sources of selenium are mets, fish, dairy products, cereal

products and bread.

2. 3 Analysis

A wide variety of techniques have been successfully anloyed for the

analysis of selenium in atmspheric sarles and in coal, fuel, oil, petrol,

biological materials, water sedimts and soil samles. These include

neutron activation analysis (limt of detection, O.Ol lJjl of air)

(Hashimto & Winchester, 1967); gas absorption followed by spectrophoto-
metr (Kawamura & Matsumto, 1965) (limt of detection, 150 ngjg coal)

(Weaver, 1973); flameless atamc absorption (limt of detection, less than

10 llgjl water) (Baird et al., 1972); atomc absorption spectrc:etr
(limt of detection, 1. 3 mgjkg) (Kirkbright & Ronson, 1971); spak source

mass spectrantr (von Leden et al., 1974); fDlarogaphy (limt of

detection, 0.2 llgjl-2 g biological sample) (Christian et al., 1965);

emssion spectrantr (limt of detection, 0.02 llgjg fuel oil) (von Leen
et al., 1974); X-ray fluorescence (Brar et al., 1970); gas chomatogaphy

(Burgett, 1974); and high-pressure liquid chamtography (limt of detec-
tion, 0.5 mgjl) (Wheeler & Lott, 1974). A critical evaluation of analytical

methods for the determtion of selenium was made by Shendrikar (1974).

The best methods are neutron activation analysis or fluoromtr. Sub-

microgram amunts of selenium in a large num of biological sarles have

ben detered fluorc:etrically (Watkinson, 1966) , and this rrthod is

being adopted for use as a standard ffthod by the AIrican Association of

Agricultural Chemsts. A moification of the official ffthod for estimting

selenium in plants was reported by Olson et aL. (1975).

Selenium can be detenned spectrophotantricall y or fluorantrically

as the selenodazole cxplex, following wet oxidation (Hoste & Gills, 1955).
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3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Ma

The problem of selenium and cacer has been reviewed (Anon., 1970;
Scott, 1973; Shapiro, 1972).

3.1 Carcinogenici ty and related studies ln animls

Oral admistration

Adistration of either sodium selenite or sodium selenate inJ!louse:

drinking-water (to give concentrations of 3 mg/l selenium) to tw groups of
abut lOO Swiss mice of bath sexes had little effect on grCM rate. Of 88

treated mice examed, 13 (15%) had tumurs, coared with 23 (19%) aIng ll9

controls. ln the selenium-fed mice, there were 8 "lymphom-leukaemas" , 4

lung adenocarcinams and 1 osteosarcoma. ln the controls there were 2
Il 1 ymhom- leukenas" , 7 lung cacinoms, 1 carcinom of unCM origin
an 13 beign tumurs of breast, ovar and other tissues. All of the tururs
occurring in the selenium group were malignt, while only 10/23 of the

tururs occuring in control animls were malignant (Schroeer & Mitchener,

1972) . (The higher incidence ofmalignancy in the selenium groups was

not signif icat. J

Two groups of l8 male and 18 femle mice of the (C57Bl/6xC3H/Anf)F
1

or (C57Bl/6xA) F strain were given daily doses of 10 m:/kg bw ethyl
1

selenac (selenium diethyldithiocarbamte) by gavage, starting when the

animls were 7 days of age, until they were 28 days of age. Subseqently,
ethyl selenac was given at a level of 26 ng/kg of diet, and feeing was

continued for up to 82 weeks. Tiurs were induced in l6/18 male (l2 hepa-

tans, 3 lymphams and 1 sebceous gland adenom) and in 6/17 femle (3

hepatams, 2 lymphoms and 1 ma cacinan) mice of the (C57Bl/6XC3H/

Anf)F strain and in 5/17 male (3 hepatans, 1 lymhoma and 3 pulmonar
1

tururs) and 4/17 fauale (3 1 ymhans and 1 pulmnar tumur) mice of the
(C57Bl/6xA)F strain. The increased incidence of hepatoms over that

1

found in controls was significant (P= 0.01) in (C57Bl/6xC3H/Anf) F males
1

(Innes et al., 1969; National Technical Informtion Service, 1968).

(ln the same eximent (National Technical Informtion Serice, 1968),
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a simlar fungicide not containing selenium, i.e., ¡:tassium bis (2-hydroxy-

ethyl)dithiocarbate, given at a daly dose of 464 IDjkg l: and then at

112'mjkg of diet, induced a simlar incidence of tuurs; thus, the

tururs may have been caused by the thiocarbate residue rather than by

selenium. On the other had, feeing of 46. 4 :ig/kg li tellurium diethy 1 -
dithiocarbate follCMed by l49 IDjkg of diet produced fewer tuurs, and

feeding of 100 II/kg l: of the zinc salt followed by 260 ID/kg of diet did

not increase the incidence of tumurs.)

Rat: Six groups each of l8 femle Osborne-Medel rats were fed

seleniferous corn or wheat to gi ve concentrations of 5, 7 or 10 mg selenium

pe kg of diet, and one group was fed a mied solution of annium fDtassium

sulphide and amnium potassium selenide ta give 10 mg selenium per kg of
diet. Of rats suriving between l8-24 ITnths 11/53 develope liver-cel1

tumurs reported as ranging fran adenans to low-grade cacinoms. Onl Y

4 rats receiving lO IIjkg selenium lived for 2 years. AdvancOO adenamtoid

hyplasia was seen in 4 rats. Cirrhosis of the liver was present in 43/53

anls, and li ver tumurs occured onl y in animls wi th cirrhosis. No

liver tururs were see in 73 rats which surived less than 18 month,

al though cirrhosis was freqent after 3 llnths. The spontaeous incidence

of hepatic tumurs in control rats and in rats used in other exriments was
reported to be less than 1%; these animls received a diet containing l2%

protein and consisting of 49% corn, 44% wheat and 3% yeast (Nelson et al.,

1943) .

Groups of abut 100 male and femle weanling Long-Evans rats were

gi ven 2 mg/l selenium as sodium selenite or sodium selenate in drinking-

water (equivalent to abut 4.5 mgjkg of diet) until they were 1 year of

age when the dose was raised to 3 :ig/l. A group of LOS controls

recei ved no selenium in drining-water. After 58 days male rats recei ving

2 mg/l sodium selenite were tranferred to sodium selenate, since 50% of

the anirls had died; suriving animls in this group were killed after

596 days and no tumurs were observed. Thrty tururs were reported in

the 48 selenate-treated rats examed histologically (62.5%); 20 of these
tumurs were malignant (41. 7%). ln 32 femle selenite-treated rats

killed betwee 662-691 days, 4 malignant tumurs were found (12.5%).
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Of the 65 control rats examed, 20 had tunous (30.8%) II of whch were
maignant (16.9%). Malignt tumurs occuring in bath treated and control
animls were mainly ma carcinoms, sarccs at vaious sites and

"lymphoma-leukemas" (Schroeer & Mitchener, 1971a). (Although there is
a statistical difference in the incidence of all tumurs and that of

maignant tumurs betwen control ánd selenate-treated groups, an evaluation
of these results was not possible because not all autopsied animls
were examed histologicalll y and because treated animls li ved longer than
controls (the average lifespa of control males and ferles was 813 and

814 days and tht of treatOO animls 847 and 929 days, respectively).)

Wistar rats fed selenium at concentrations of 4, 6, 8 or l6 m~/kg of

diet (added as selenite or selenate) died with toxic hepatitis within

100 days. Of 275 rats fed 0.5 or 2 irjkg of diet, 2 develope lymhans,
2, ma adenocarcinans and 4, other neoplasm wi thin 448-647 days.

Of 230 controls, 1 develope a lymhcm, 6, mary adenocarcincms and
3, other tumurs withn 356-613 days. No liver tumurs were observed

(Har et al., 1967).

3. 2 Oter relevant biological data

ln animls selenium is bath an essential trace elemnt and a naturally

occuring toxicant, maifesting high biological activity: it is necessar

to sustain life at dieta levels of llgjkg; i t is toxic at dietary levels

canpaable to the nutritional reqiremnts for son other trace elemnts
(Underwoo, 1971).

The toxicity of different fonn of selenium has been deterned by
Frane & .Mxon (1936, 1937). Sodium selenate is less toxic than the selenite

(Schroeer & Mitchener, 1971a). For sodium selenite, the oral ID in
50

mice is 7-l0.5 mgjkg l: (Pletnikova, 1970); the LV. ID in rats is
50

3 mgjkg bw (Stecher, 1968). Acute toxic effects of selenium have ben

sumized by Underoo (197l); they include degeneration of liver,
kidneys and myocdia, haemrrhagia in the digestive tract and brain dage.

Gastrointestinal absorption of selenium, i ts retention, distribution

wi thn the boy and excretion vary wi th species and the arunt and

chemcal fonn of selenium ingested. Under physiological conditions, animls
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rapidly excrete most of an admistered dose of seleniinn. FOllCMing its
absorption, i t is transported by album to !lre stable binding si tes ln
bloo and tissues. The kidney (particularly the cortex) retains the
highest concentration of selenium, follavOO by the glandular tissues,

especially pancreas, pituitar and liver (Underw, 1971).

Several selenium-deficiency disturbaces scmtims associated with
vita E deficiency are naturally-occuring diseases and have been induced

exrimtall y in labratory animls. Selenium is generall y considered to

act in a way which paallels the antioxidant properties of vitamn E.

The active form of selenium may be selenide, located in non-haem iron-

containing proteins; the function of vi tam E may be to protect the

selenide fram oxidation (Caygill et al., 1971; Diplock, 1970).

Postulated mechaism for the biochemcal acti vi ty of selenium are:
(1) as an antioxidant; (2) as a radical scavenger; (3) as a redox

substance; (4) in enzyme system; (5) in the stabilization of meranes

(e.g., lysosor meranes); and (6) in the micking of processes

invol ving sulphur.

Selenium crosses the placeta in mice, rats, dogs and sheep

(Underoo, 1971); it produces ruting in rnce and premture death in
young mice and rats (Schroeer & ~1itchener, 1971b).

t1i.en single doses of 125 mg 7, l2-dimthylbzanthacene (DNBA) in
acetone were applied to the skin of Swss albino ICR rnce, followed 3 weeks

later by painting wi th croton oil containing O. 5 mgjl sodum selenide on
5 days a wee for 16 weeks, the incidence of skin tumurs was much lower ln

mice receiving croton oil plus selenium, coared with that in mice
receiving croton oil alone (Sharger & Rudolph, 1966). Sirlar results
were obtained follCMing ski application of DJ'.f wi th croton oil, croton

resin, l2-tetradecanoyl -phorbol - l3-acetate or phenol (Riley, 1968;
Shamrger, 1970).

ln groups of fenle Swiss alino ICR mice fed selenium-deficient Torua

yeast diets containing 0, O. 1 or 1 mg/kg sodium selenite follCM by a
single skin paiting with 0.l25 ff DMB in acetone and application of

croton oil to the ski daily for 20 v.ek, the incidence of skin tururs

in the group fed 1 ir/kg sodium selenite was lower. Simlar results
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were obtained in groups of mice fed these diets before the application of

0.25 ml of a 0.03% solution of bezo(a)pyrene in acetone to the shaved

skin daily for 27 weeks (Sharger, 1970).

The incidence of li ver b.nnours in rats fed 3' -mthy 1 -4-dimthy lamno-
azobenzene (3'-Me-DAB) for 20 weeks was 12/23, coared with 6/22 in

anls fed 5 TI sodium selenite per kg of diet plus 3' -Jl1e-DAB (Clayton &

Bai., 1949).

Admnistration of 2 rn/l seleniæll oxide in drining-water to virgin
femle C3H/St mice for 15 months lowered the incidence of spontaneous

ma tUlurS to 10% from an observed incidence of 82% in untreated

controls (Schrauzer & Ishmel, 1974).

Four groups of 20 femle OSU-BrCM rats were fed l50 ID N-2-fluorenyl-

acetamde pe kg of diet plus 2. 5, O. 5, 0.1 or 0 ID selenium pe kg of
diet. Incidences of ma adenocarcinans and/or hepatic carcinams

at 200 days were 0/20, 2/20, 12/20 and l2/20, respectively (Harr et aZ.,

1972) .

Selenium significantly reduced the chransane breakage induced by

DMB in hum leucoes cultured in vitro (Sharrger et aZ., 1973a).

Pharcological and toxicological effects of selenium in ma have been

reviewed by various authors (Glover, 1970; Rosenfeld & Beath, 1964;

Schroeer et aL., 1970; Smth & Westfall, 1937). Acute toxic effects
follCMing exsure to selenium dioxide invol ve the lungs, stanch and skin;
darge to the digestive tract, nails and teeth have also ben describ
follCMing its oral admistration (Schroeer et aL., 1970). An inverse

relationship between selenium occurence at environmtal levels

and the American neonatal death rate has been reported (Sharrger, 1971).

Selenium occus in bloo at a level of abut 200 llg/l (Sharrger et al.,

1973b) .

3. 3 Observations in ma

Shamrger & Frost (l969) and Shamrger & willis (l971) have claim
a negative correlation between cacer mortality and selenium levels in

hum bloo and in animl foostuffs. Shamrger & Willis (l97l) examned
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the total cancer mortality rates (son, but not all, age-adjusted) in the 19

us cities for which Allaway et al. (l968) had reported bloo selenium levels,

and a negative correlation was found. Ths negative correlation depeded
for its statistical signficance on the presence of data for two cities,

Rapid City and Cheyenne, where the bloo selenium levels were highest;

without these data no correlation was evident. These workers also examed
mortality data for the years 1959-61 for cacer at may sites in bath

sexes in 17 large and 20 smll cities in areas fran which high selenitm

levels in animl forage foostuffs had ben reported, and similarly in l7
large and 20 smll ci ties in 'low selenium' areas. No consistent differences

were evident in ei ther sex frar national rates for US metropoli ta ci ties

in either area, although there was a tendency for the rates for certain

cancer si tes to be lower in ci ties in the 'high selenium' areas than in the
, lCM' areas. More recently, age-adjusted rrrtali ty rates for certain

cancers have been reported ta be lower in two Canadian provinces wi th lcw

selenium levels in animl forage foostuffs th in six 'high selenium'

provinces (Shamrger et al., 1974). ln this connection, it is relevant

that the population of the tw 'lCM' provinces is TIre rual than the larger

population of the six ' high' provinces.

Shamrger et al. (1973b) found that rran selenium bloo levels were

lCMer in patients wi th certin cacers such as those of stomach and colon

than in a control group, although this difference was not observed in

breast or rectum cacer patients. The onl y known occupational study of

workers exsed to selenium is that reported by Glover (1970) of 300
workers follCMed for up to 26 yeas. No differences were detected in the

observed as caned to the excted mmibrs of deaths either fran aii
causes or fram cancer.

4. Cants on Data Reported and Evluation

4.l Animl data

Selenium corunds were tested in mice and rats by the oral route.
Although in one eximt in rats selenium produced an increase in the
incidence of liver tururs, the available data are insufficient to allcw

an evaluation of the cacinogenicity of selenium counds.
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4 . 2 Ht. data

The available data provide no suggestion that selenium is cacinogenic
in ma, and the evidence for a negative correlation betwee regional cancer

death rates and selenium is not convincing.
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CUMULATIV INEX 'I IAC l-l-NCXRAHS ON TH EVUATION

OF CAINOGENIC RISK OF CHCA TO l-1A

Nmirs underlined indicate volum, and nmirs in italics indicate
page. References to corrigenda are gi ven in paentheses.

Acetade 7,197
Aflatoxins l,145 (corr. ~, 349)
Aflatoxin Bl l,145
:Alatoxin B2 l,145
Aflatoxin Gl l,145 (corr . "l,319)
Aflatoxin G2 l,145
Aldrin ~,25
Amranth ~,41
para-Amoazobenzene ~,53
ortho~oazotaluene 8,61
4-Amobipheny 1

l, 74

2-Amo-5- (5-nitro-2-furl) -1,3, 4-thadiazole "l,143
Am trole "l,31
Arsi te ,?,17
Aniline l,27 (corr. 7,320)
Anthophyllite ,?,1 7

Apholate ~,31
Aram teR ~,39
Arsenic (inorganc) ,?,48

Arsenic petoxide ,?,48
Arsenic trioxide ,?,48

Asbestos (mied) ,?,17 ( corr. "l, 319)
Auramne l,69 (corr. 7,319)
Aziridine ~,37
2-(1-Aziridiyl) ethol ~,47
Aziridy 1 bezoqinone ~,51
Azobezene ~,75
Baium chrorte ,?,102

Bez (C ) acridine l,241
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Bez ( a) anthacene

Bezene
Bezidine
Bezo (b) fluoranthene

Bezo (j) fluoranthene
Bezo ( a) pyrene

Bezo (e) pyrene
Beryl ore
Beryllium

Bellium oxide

Beryllium phosphate

Beryllium sulphate
BHC (technical grades)

Bis (l-aziridinyl)morpholinophosphine sulphide
Bis (2-chloroethy l) ether
N,N' -Bis (2-chloroethyl) -2-naphthylame
Bis (chloromthy 1) ether

l,4-Butaediol dithanesulphonate
Cadmum acetate

Cadmum poder

Cadmum carbonate

Cadmum chloride

Cadmum oxide

Cadmum sulphate

Cadmum sulphide
Calcium arsenate

Calcium arseni te

Calcium chrante

Carbon tetrachloride

Carisine
Chloramucil
Chlormdinone acetate
Chlorobezilate
Chlorofonn
Chloromethyl rrthy 1 ether

i,45
2,203
l,80

i,69
i,82
i,91
i,137
l,18
l,l?
l,l?
l,25
l,lß
5,47

~,55
~,11 7

l,119
l,231
l,247
2,92

~,74
~,74
~,74
~,74
~,74
~,74
~,48
~,48
~,100

l,53

!i, 83

~,i25
~, 149

~,75
l,61

l,239
262



Chranc chrante

Chranc oxide
Chanur
Chanur acetate
Chromiur carbonate

Chranur dioxide
Chranur phosphate

Chromur trioxide
Chsene
Chrsoidie
Chrsotile
C.I. Dispese Yellow 3

Ci trs Red l\l. 2

Crocidoli te

Cycasin
Cyclophosphamde
D & C Red No. 9

DDD (TDE)

DDE

DDT

Diacety lamoazotoluene
2, 6-Diamo- 3- (pheny lazo) pyridine (hydrochloride)
Diazomethane

Dibz (a~ h) acridine
Dibz (a~j) acridine
Dibz (a~ h) anthacene
7H-Dibzo (c ~ g) carbazole
Dibzo (h~ rst) Petaphene
Dibzo (a~ e)pyrene
Dibzo (a~ h) pyrene
Dibzo (a~ i)pyrene
Dibzo(a~ l)pyrene
ortho-Dichlorobenzene
para-Dichlorobezene
3,3' -Dichlorobezidine

'?' 119

'?' 1 00

'?' 1 00

,?,1 02

2,102

'?' 101

'?' 102

'?' 101

2,159
~,91

'?' 17

8,97

8,101

'?' 1 7

l-, 15 7 (corr. 7,319)

~, 135

~, 107

2., 83 (corr. 2, ;) 20)

2., 83

2., 83

~, 113

~, 11 7

7,223

2,247

2,254

2, 17 8

2,260

2,197

2,201

2,207

2,215

2,224

7.-,231

2.' 231

l,49
263



Dieldrin
l, 2-Diethy lhydrazine
Diethylstilbstrol
Diethyl sulphate

Dihydrosafrole
Dimthisterone
3,3' -Dirthoxybezidine (o-Dianisidine)
para-Dimthy lamoazobenzene
para-Dimthylamnobenzenediazo soium sulphonate
trans-2 r(Dimthylamo)methylimoJ-5- (2- (5-nitro-

2-furl) vinyl)- l, 3, 4-oxadiazole

3,3' -Dimthylbzidine (o-'Ilidine)
1,1 -Dimthy lhydrazine
l, 2-Dimethy lhydrazine

Dimthyl sulphate
Endrin
Ethiny loestradiol

Ethy lenethiourea

Ethyl methanesulphonate

Ethynodiol diacetate

Evans blue

2- (2-Formlhydrazino) -4- (5-nitro-2-furl) thiazole

Haemti te

Heptachlor and i ts epoxide
Hydrazine

4-Hydroxyazobezene
Indeno (l, 2, 3-cd) pyrene

Iron-dextran cclex
Iron-dextrin canplex

Iron oxide

Iron-sorbitol -ci tric acid ccmlex
Isonicotinic acid hydrazide

Isosafrole
Led acetate
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~, 125

l,153
~,55

l,277
l, 17 0

~, 167

l,41
~,125

~, 14 7

2-, 1 4 7

l,87

l,137
l,145 (corr. 2,320)

l, 271

5,157

~,77

2,45
2,245
~, 1 ?3

~,151

2, 151

l,29
~,1 73

l,127
~, 157

2,229
?:,161

?:,161 (corr. 2.,319)

l,29
?:,161

l,159
l,169
l,40



Lead arsenate

Lead carbonate

Lead chrante

Lead phosphate
Led sal ts

Lead subcetate

Lindane

Magenta

Maleic hydrazide

Maomutine (dihydrochloride)
Mephalan
Meoxyrogesterone acetate
Melphalan

Merphalan

Mestranol
Methoxychlor

2-Methy laziridie

Methylazoxythol acetate
N -Methy 1 -N ,4-dini trosoailine

4,4' -Methylene bis (2-choroaniline)
4,4' -Methylene bis (2-methylaniline)
4,4 ' -Methy lenedaniline

Methy 1 rrthesulphonate

N -Methy 1 -l '-ni tro- -ni trosogidine
Methyl red

Methy 1 thouracil

Miex
5- (Morpholinomethyl) -3- ((5-nitrofurfurlidene) amo)-

2-oxazolidinone
Mustad gas
1 -Naphthy lame

2-Naphthylame
Nickel
Nickel acetate
Nickel carbonate

1,41

1,41

2,101

1,48

l, 40 (corr. 7, 31 9 ~

~,J49r

1:,40
~,47

4,57 (corr. 7,320)

4,173

2.,157

2.,16 7

6,157

2.,167

2.,167
§., 87

~, 193

2.,61
1,164

1:,141
4,65

l,73
4 , 79 (corr. 7, 320)

7..-253

l, 183

-s, 161

l,53
~,203

l, 161

2.,181

l,87 (oorr. -S,349)

l,97
-¿' 126

-¿' 126

-¿,126
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Nickel carbony 1

Nickelocene
Nickel oxide

Nickel poder
Nickel subsulphide

Nickel sulphate
4-Nitrobiphenyl
5-Ni tro- 2-furaldehyde semcarbazone
1 ( (5-Ni trofurfur lidene) arno J - 2- imdazolidinone
N- (4- (5-Nitro-2-furl) -2-thiazoiyiJacetamde
Nitrogen rmstard (hydrochloride)
Nitrogen mus tard N-oxide (hydrochloride)

N-Ni troso-di -n -but Y lamne
N-Ni trosodiethy lamne

N-Ni trosodimethy lame
Ni trosoethy lurea

Ni trosorthylurea
N -Ni troso-N -methy lurethane

Norethisterone
Norethisterone acetate

Norethynodel
Norgestrel
Oestradiol - 1 7 ß

Oestradiol rmstard

Oestriol
Oestrone
Oil orange SS

Orange L

Orange G

Phenoxybenzame (hydrochloride)

Polychlorinated biphenyls

Ponceu MX

Ponceau 3R

Ponceau SX

Potasium arsente

2 , 126 (corr. 2, 319)
~, 126

~, 126

2,145

~, 126

~, 127

4,113

7,171

7,181

1,181 & 7,185

9,193

9,209

4,197

1,107

1,95

-l, 13 5

-l, 125

l,211
§., 1 79

6,179

§.,191

§.,201

6,99

9,21 7

6,117

6,123

8,165

8,173

8,181

9,223

7,261

~, 189

~,199

~,207

2,48
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Potassium arsenite

Potassium chrante

Potassium dichromte

2,49

2,102

2,101

6,135

4,253

4,259

7,67

5,211

2,161

1,169

8,217

9,245

2,49

2,49

2,102

~,102

3,22

l,175
4,221

2,102

~225
8,233

8,241

8,249

8,253

8,257

~,219

§.,209

2,150

2,150

7.-, 77

7,85

2,95
2-,229

2-,67

267

Progesterone
1,3-Propae sul tone
ß-Propiolactone
Propy 1 thiouracil

Quintozene (Pentachloroni trobezene)
Saccharated iron oxide

Safrole
Scar let red

Selenium and selenium canunds
Sodium arsenate

Sodium arseni te

Soium chromate
Sodium dichrante

Sot, tars and shale oils

Sterigmtocstin
Streptozotocin
Strontium chramte
S\ L
Sudan II

Suda III
Sudan brown RR

Sudan red 7B

Sunset yellow FCF

Terpe polychlorinates (StrobaeR)
Testosterone
Tetraethy llead

Tetramthyllead
Thoacetamde
Thiouracil
Thourea
Trichlorotriethy lame hydrochloride
Tris (aziridinyl) -para-bezoqinone



Tris (l -aziridiyl) phosphie oxide
Tris (1 -aziridiny 1) phosphie sulphide
2,4, 6-Tris (1 -aziridinyl) -s-triazine

Tris (2-methyl - 1 -aziridinyl) phosphie oxide

Tr blue
Uracil mus tard
Urethane
Vinyl chloride
Yellow AB

Yellow OB

Zinc chromate hydroxide

9,75
9,85
9,95
9,107
~,267
9,235

-l, 111
7,291

~,279
8,287
2,102
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