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NOTE TO THE READER

The term 'carcinogenic risk' in the IARC Monographs series is taken to mean the
probability that exposure to the chemical willead to cancer in humans.

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

Anyone who is aware ofpublished data that may alter the evaluation of the carcinogenic
risk of a chemical to humans is encouraged to make this inforrnation available to the U nit of
Carcinogen Identification and Evaluation, Division of Environrnental Carcinogenesis, Inter-
national Agency for Research on Cancer, 150 cours Albert Thornas, 69372 Lyon Cedex 08,
France, in order that the chernical may be considered for re-evaluation by a future W orking
Group.

Although every effort is rnade to prepare the rnonographs as accurately as possible,
mistakes may occur. Readers are requested to cornmunicate any errors to the Unit of
Carcinogen Identification and Evaluation, so that corrections can be reported in future
volumes.
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lARe MONOGRAPHS PROGRAMME ON THE
EVALUATION OF THE eARelNOGENIC RISK OF

eHEMieALS TO HUMANS1

PREAMBLE

1. BACKGROUND

ln 1969, the International Agency for Research on Cancer (IARC) initiated a
programme to evaluate the carcinogenic risk of chemicals to humans and to produce
monographs on individual chemicals. Following the recomrnendations of an ad-hoc
W orking Group, which met in Lyon in 1979 to prepare criteria to select chemicals for ¡ARC
Monographs(l), the Monographs programme was expanded to include consideration of
exposures to complex mixtures which may occur, for example, in many occupations or as a
result of human habits.

The criteria established in 1971 to evaluate carcinogenic risk to humans were adopted by
aH the working groups whose deliberations resulted in the first 16 volumes of the IARC
Monographs series. This preamble reflects subsequent re-evaluation of those criteria by
working groups which met in 1977(2), 1978(3), 1982(4) and 1983(5).

2. OBJECTIVE AND SCOPE

The objective of the programme is to elaborate and publish in the forrn of monographs
critical reviews of data on carcinogenicity for chemicals, groups of chernicals, industrial
processes and other complex mixtures to which humans are known to be exposed, to
evaluate the data in terms of human risk with the help of international working groups of
experts, and to indicate where additional research efforts are needed. These evaluations are
intended to assist national and international authorities in forrnulating decisions concerning
preventive measures. No recommendation is given concerning legislation, since this depends
on risk-benefit evaluations, which seem best made by individual governments and/ or other
international agencies.

1 This project is supported by PHS Grant No. 2 UOi CA33l93-M awarded by the US National Cancer Institute, Department of

Health and Human Services.
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GENERAL REMARKS

This fortieth volume of IARC Monographs comprises 20 monographs on foods and
food components and naturally occurring and synthesized compounds that have been
investigated for use in therapy of dermatological conditions in conjunction with ultraviolet
light.

Diet has been investigated in many recent studies as one of the factors that rnay be
involved in human cancer. Most ofthe substances considered here that occur in food rnay be
found in the diets of large numbers of people. The food additives and contarninants
considered fall into three broad classes, resulting in different hurnan exposures: (1) naturally
occurring components of food and compounds formed by fungal contamination; (2)
deliberate additions to food; and (3) mutagenic heterocyclic compounds that may be formed
during cooking offood. The food additives and contaminants considered in previous IARC
Monographs are listed in Table 1. Exposure to naturally occurring components and
contaminants and to pyrolysis products may be presumed to be worldwide, the levels being
modified by local climatic and cooking practices. Occupational exposures may occur during
the production of food additives.

Of the naturally occurring products, bracken fern is the most abundant, being found
throughout the temperate zones of the world. It is harvested for a wide va ri et y ofuses and is
eaten as a delicacy in sorne countries. Bracken 'poisoning' in grazing animaIs has been
recognized for many decades. Humans rnay also be exposed to bracken constituents in milk
and other food products derived from animaIs that have eaten bracken. ln view of the long
and common use of bracken fern in certain populations and knowledge about its toxicity,
the pau city of c1ear epidemiological studies on humans exposed to this plant is unfortunate.

Three compounds occurring naturally in food were considered: citrinin, rugulosin and
patulin are fungal metabolites that may contaminate various fruits, vegetables and cereal
grains intended for human consumption. Patulin was evaluated previously, in Volume 10 of
the IARC Monographs (IARC, 1976); new data on this compound were summarized and
taken into consideration in the present evaluation. The known activity and widespread
occurrence of these mycotoxins would appear to warrant their evaluation for carcino-
genicity, but their involvement in human disease has not yet emerged.

The four food additives considered are benzyl acetate, butylated hydroxyanisole,
butylated hydroxytoluene and potassiurn bromate. Benzyl acetate is a cornmon flavouring
and fragrance addition in food, beverages and cosrnetics and is also a natural constituent of
several essential oils and plant extracts. Potassium bromate is used primarily as a maturing
agent in flour and as a dough conditioner in bread-rnaking. It is also used in sorne other food
and consumer products.

-33-



w
.¡

Table 1. Food additives, food contaminants and naturally occurring substances found in food that were evaluated in
previous IARC Monographs

Compound Evaluationa IARC Monographs Supplement 4

H umans AnimaIs Vol. Page Year Page Classificationb

FOOD ADDITIVES -
AFi (2-(2-Furyl)-3-(5-nitro-2- ND S 31 47 1983 ~

:x
furyl)acrylamide) (j

Allyl isothiocyanate ND L 36 55 1985 a:
Allyl isovalerate ND L 36 69 1985 0
Amaranth ND 1 8 41 1975

Z0
Benzoyl peroxide 1 1 36 267 1985 a
Benzyl violet 4B* ND S 16 153 1978

:x
~

Blue VRS* ND L 16 163 1978 ""

Brillant blue FCF, disodium salt ND L 16 171 1978 ::r:
Carmoisine* ND 1 8 83 1975 ~
Carrageenan 31 79 1983 0

t"
native ND N c:
degraded ND S ~

Cinnamyl anthranilate ND L 31 133 1983
tr
.¡

Citrus Red 2e ND S 8 101 1975 0
Cyclamates 1 L 22 55 1980 97 3

Dulcin* ND 1 12 97 1976

Ethylene oxide 1 S 36 189 1985 126 2B

Eugenol ND L 36 75 1985

Fast green FCF ND L 16 187 1978

Guinea green B* ND L 16 199 1978

Hydrogen peroxide ND L 36 285 1985

Light green SF* ND L 16 209 1978
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Table i (contd)

Compound Evaluationa IARC Monographs Supplement 4

Humans AnimaIs Vol. Page Year Page Classificationb

NATURALLYOCCURRING SUBSTANCES
Agaritine (L-Glutamic acid, 5-(2-(4- ND 1 31 63 1983

hydroxymethyl)p henylhydrazide ))
Cholesterol 1 1 31 95 1983 ..

~
L (breast, colo- ::

rectal cancer) (j
Cycasin ND S JO 121 1976 ~
cis-9,10-Epoxystearic acid ND 1 11 153 1976 0

Z
Fusarenon-X ND 1 31 153 1983 0
Gyromitrin (Acetaldehyde formylmethyl- ND S 31 163 1983 0

::
hydrazone) ~

Isosafrole ND L JO 232 1976 "t
:i

Kaempferol ND 1 31 171 1983 vi
Lasiocarpine ND S JO 281 1976 ~
Luteoskyrin ND L 10 163 1976

0
t"

Malonaldehyde ND 1 36 163 1985 c:
Methylazoxymethanol and its acetate ND S JO 121,131 1976 ~

tr
(see a/so Cycasin) ~

Monocrotaline ND S 10 291 1976
0

Parasorbic acid ND L 10 199 1976

Penicilic acid ND L 10 211 1976
Petasitenine ND L 31 207 1983
Retrorsine ND L JO 303 1976
Riddelliine ND 1 10 313 1976

Seneciphylline ND 1 10 319 1976



Table 1 (contd)

Compound Eva1uationa IARC Monographs Supplement 4

ClassificationbHumans AnimaIs Vol. Page Year Page

NA TURALLY OCCURRING SUBSTANCES (contd)

Senkirkine NDSymphytine ND
Tannic acid, tannins NDZeara1enone ND

L
1

L
L

31
31
JO

31

231
239
253
279

1983
1983

1976

1983

.Past use; no longer permitted in sorne countries

a Abbreviations: ND, no data; 5, sufficient evidence; L, limited evidence; l, inadequate evidence; N, no evidence; for definitions of these terms, see Preamble, pp. 18 and 22.

bGroup 2, The chemical, group of chemicals, industrial process or occupational exposure is probably carcinogenic to humans. This category includes exposures for which, at

one extreme, the evidence of human carcinogenicity is almost sufficiem, as weil as exposures for which, at the other extreme, it is inadequate. To reflect this range, the
category was divided into higher (Group A) and lower (Group B) degrees of evidence. Usually, category 2A was reserved for exposures for which there was at least limited
evidence of carcinogenicity to humans. The data from studies in experimental animaIs played an important role in assigning studies to category 2, and particularly those in
Group B; thus, the combination of sufficiem evidence in animais and inadequate data in humans usually resulted in a classification of 2B.
Group 3, The chemical, group of chemicals, industrial process or occupational exposure cannot be classified as to its carcinogenicity to humans.
cFor use on citrus fruits only
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Butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) are the rnost
commonly used synthetic antioxidants for preserving food and feed. They are also used in
cosmetics, pharmaceuticals and food-packaging materials. By tonnage, the largest uses of
BHT are as an additive to motor oils, in plastics and in rubber products; therefore,
occupational exposure occurs.

Since BHA and BHT are antioxidizing agents and effective radical scavengers, it had
been postulated that they could modify the effects of those carcinogens and rnutagens that
act by virtue of their oxidizing or radical-producing properties. Thus, many studies have
been carried out on the modulating effects ofthese two compounds on the action ofknown
carcinogens and rnutagens. The experiments involved either administration of BHA or
BHT for a relatively long tirne after administration of a known carcinogen, or administra-
tion of BHA or BHT for a short period (a few days or weeks) prior to or concurrently with a
known carcinogen. The former type of experiment, which resulted in most instances in an
increased carcinogenic response, provides sorne information about the carcinogenicity of

BHA and BHT and about their mechanisms of action. The second type of experirnent
resulted in many instances, but not all, in a reduction in the carcinogenic effect of various
carcinogens. ln these experiments, the ternporal relationship between exposure to BHA or
BHT and to the carcinogen (i.e., whether before, with or following the carcinogen) appeared
to be criticaL. ln most of these experiments, only a single target organ was examined, w hi ch
makes it impossible to assess the carcinogenicity of these compounds to other organs. ln a
study in which various organs were exarnined in an experiment with BHT and 2-acetyl-
aminofluorene, an observed reduction in the carciuogenicity of 2-acetylarninofluorene to
the liver of rats was parallelled by an increased incidence of bladder cancer (see also
individual monographs).

No simplistic generalization can be rnade concerning any 'protective' effect that these
agents may have on cancer development in humans. Although no attempt is made to reach a
conclusion about the mechanisms involved or to evaluate the significance of combined
exposures of humans to BHA or BHT and carcinogens and mutagens, the W orking Group
considered it valuable to sumrnarize data from experiments on the modulating effects of
BHA and BHT.

BHA and BHT also enhance a variety of enzymes in different tissues, and particularly in
the liver. The enzyrne induction is associated with a change in the generation of reactive
metabolites of activation-dependent toxic chemicals and a reduction in the toxicity of such
chemicals. Studies of these effects have rnade it possible to draw a number of conclusions
concerning the mechanisms of the modulating effects of BHA and BHT. Most of the
numerous reports of the results of short-term tests, in which a variety of end points and
chemicals were used, were designed to study the effects of BHA and BHT on the metabolism
of known carcinogens and rnutagens. ln the monographs, only selected data were used to
evaluate the genetic activity and related effects ofBHA and BHT, and these are summarized
in tabular form.

With regard to evaluating the carcinogenicity of BHA, the W orking Group experienced
particular difficulty. ln view of the extensive use of this compound, the Group thought it
prudent to take into consideration whether the production (on present evidence) only of
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tumours of the rodent forestomach (an organ not possessed by hurnans) has the same

significance to humans as would evidence of carcinogenesis in other organs.

The third group of compounds considered in this volume of IARC Monographs
comprises seven heterocyclic amines in foods; two pyrolysis products of tryptophan were
evaluated in Volume 31 of the IARC Monographs (IARC, 1983). Mutagenic compounds
are formed from proteins heated to temperatures that may be reached during the grilling of
food, and several mutagens have been isolated from cooked foods. These N-heterocyclic
primary amines fall into two classes: derivatives of either carbolines or irnidazoquinoline.
For each of two amino acid pyrolysis products (A-a-C and MeA-a-C) reviewed in this
volume, only one long-term study in experimental animais had been reported, but in each of
these studies a very high incidence oftumours was observed in treated animaIs. ln addition,
these two compounds are closely related chemically to Glu-P-l and Glu-P-2, which induced
cancer in two species of animaIs; all four compounds gave positive results in short-term
tests, with endpoints relevant to carcinogenesis. A-a-C and MeA-a-C were also shown, in
separate studies, to produce certain lesions of the liver that are considered by sorne

investigators to be preneoplastic. While these factors are not essential elements for the

evaluations rnade, they support the conclusions of the W orking Group.
It is surprising that several of the compounds reviewed here to which there is extensive

human exposure - for example BHA, BHT, benzyl acetate and bracken fem - have been
studied inadequately, if at all, in humans. While it would be desirable to obtain more human
data, the W orking Group did not underestimate the difficulties of carrying out epidemio-
logical studies on sorne of the compounds, such as BHA and BHT, to which human
exposure is ubiquitous.

The final group of compounds considered includes a number of furocoumarins

(psoralens and angelicins). Sorne of these compounds are used clinically in conjunction with
ultraviolet A radiation (UV A) in the treatment of several skin diseases, including psoriasis,
vitiligo and the T-cell lymphoma mycosis fungoides. Hurnans may thus be exposed to
psoralens for therapeutic purposes, but also by exposure to or consumption of plant
mate rial containing these compounds. Citrus oils such as bergarnot oil, containing
psoralens, are used not only in food and beverages but also in suntanning products,

fragrances and other cosmetics.

Most psoralens have limited biological activity in the dark, but may have potent effects
when activated by the absorption of UV A. ln principle, furocoumarins can act under two
distinct conditions: (1) in the absence of UV A, when the molecule is in the ground state; and
(2) in the presence of UV A, when the molecule is in the excited state. U nder the latter
condition, the molecule provokes significant biological rnodifications (photosensitizing
effects), which are dependent on the dose of UV A. ln the rnonograph, therefore, both
biological effects obtained in the dark - toxic, rnutagenic and carcinogenic effects - and
those dependent on exposure to UV A, including phototoxic, photornutagenic and photo-
carcinogenic effects, are considered.

ln the absence of UV A, furocoumarins have no significant therapeutic or genotoxic
effect. The photochemotherapeutic effect of PUV A (psoralen plus UV A) is thought to be
closely related to the antiproliferative effect (i.e., inhibition of DNA synthesis) of the
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psoralen derivatives used and to their capacity to bind to DNA in the presence of UV A. ln
the presence of UV A, the bifunctional furocoumarin 8-methoxypsoralen (methoxsalen),
which can induce mono- and bi-adducts with DNA and an antiproliferative effect, is
photochemotherapeuticallyactive. Methoxsalen, which is used with UV A in the treatment
of psoriasis and vitiligo, was evaluated in Volume 24 (IARC, 1980) and Supplement 4
(IARC, 1982) of the IARC Monographs. There is sufficient evidence for its carcinogenicity
in the presence of UV A to humans. ln view of the carcinogenicity of this compound,
alternative furocoumarin compounds have been studied for their clinical efficacy with UV A
and for their carcinogenic hazard in comparison with methoxsalen.

Furocoumarins bind to DNA in the presence of UV A. It has been suggested that
monofunctional furocoumarins might be photochemotherapeutically active but less toxic,
mutagenic and carcinogenic than the bifunctional furocoumarin methoxsalen. For this
volume, monographs were prepared on two additional bifunctional furocoumarins, 4,5',8-
trimethylpsoralen and 5-methoxypsoralen, and on several photoreactive, monofunctional
furocoumarins - angelicin and its methylated derivatives, 3-carbethoxypsoralen and two
pyridopsoralens.

Thus, most of the studies on the furocoumarins considered in this volume were designed
to evaluate carcinogenicity in combination with UV A and relative to that of methoxsalen
with UV A. Because of the specifie objective of these studies, their design was usually
inadequate to evaluate the derrnal or systemic carcinogenicity of the furocournarinper se. ln
addition, the end points of such studies are different from those of chemical carcinogenesis
tests; a frequently used end point in tests of psoralens is the time in weeks for 50% of animaIs
to develop a skin tumour.

Since the clinical and suntanning uses of the furocoumarins considered depend on
concomitant exposure to UV A and since human exposure to sunlight (which contains UV A
as well as UVB) alone is ubiquitous and a well-known risk factor for human cancer, it was
deemed useful to provide the reader with information on the carcinogenic effects of
ultraviolet radiation alone. This is provided as an appendix, in which a very brief overview is
given of the nomenclature and of situations in which humans are exposed to ultraviolet
radiation, information on other toxic effects is reviewed briefly, and the genetic and related
effects are summarized. Sorne studies of UV A, UVB and UVC radiation in animaIs are
reviewed. The available case reports and epidemiological studies are analysed in more
detaiL. It was noted that studies of the association between sunlight and nonmelanocytic skin
cancer suffered from deficiencies of design and reporting, largely because they were
conducted many years ago when the criteria for conducting valid epidemiological studies
were less clear than they are now. Studies of adequate quality have not been performed
since, probably because the relationship between sunlight and nonrnelanocytic skin cancer
was believed to be self-evident. It is hoped that this clear presentation of available data will
stimulate the necessary additional studies.
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NATURALLY oeeURRING TOXINS



BRAeKEN FERN (Pteridium aauilinum)
AND SOME OF ITS eONSTITUENTS

1. Historical Perspective

Bracken fern is a plant belonging to the Filicineae class, which comprises the ferns. They
are one of the oldest plant forms and contributed to the forrnation of coal beds during the
Carboniferous period (also known as the 'age of ferns'), beginning about 260 000 000 years
ago. Since bracken fern grows rapidly in recently deforested areas, its abundance and
impact have been attributed to the widespread clearance of forests which began about 5000
years ago (Page, 1976; Rymer, 1976). It has been harvested for centuries for a variety ofuses,
and is stil eaten as a delicacy in sorne parts of the world (Rymer, 1976).

Bracken fern was first recognized as a potential health hazard to grazing animaIs less
than 100 years ago (Evans, 1984). Syndromes such as 'cattle bracken poisoning', 'bracken
staggers' and 'bright blindness' are now clearly associated with the ingestion ofbracken fern
by domestic animaIs (Roberts et al., 1949; Evans et al., 1954; Watson et al., 1965; Taylor,
1980).

2. Occurrence, Use and ehemical eonstituents

2.1 Occurrence

Bracken fern, a common pteridophyte, is found on every continent and in every clirnate,
except the polar and desert regions, and is one of the most widespread of all vascular plants.
Covering millions of acres of land from sea-Ievel to 3000 m in altitude, this aggressive and
resilient species thrives in pastures, deforested areas and abandoned farmlands (Page, 1976;
Rymer, 1976; Taylor, 1980; Evans, 1984).

The large triangular fronds of bracken fern grow as high as 3-4 m. Reproduction and
dispersaI are by means of spores borne in spore cases (sori) beneath the fronds. The spores
germinate to form prothall bearing the sex organs and, after fertilization, the young
sporophytes initiate the new colonies. Growth is slow, with the branching of the root-like
rhizomes producing short shoots, each bearing a single frond, and long shoots which extend
the colony peripherally. The rhizome endows the bracken fern with a hearty resilience to

-47-
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eradication programmes, such as cutting and burning, as it may grow many centimetres
below the surface of the ground. Dead and decaying fronds which accumulate each winter
also serve to protect the rhizome from freezing, covering the surrounding area with a thick
fern litter. The growth of cornpeting plants is inhibited through the leaching out of
phytotoxins from bracken fern by rainfall. These phytotoxic compounds have not been
identified or widely studied (Gliessman, 1976; Page, 1976; Watt, 1976).

Although the genus Pteridium has been considered monotypic (i.e., a sole species, P.
aquilnum, occurs), data obtained experimentally on a particular geographic population of
bracken may not necessarily be extrapolated to another. P. aquilnum has been divided into
two subspecies geographically: aquilnum mainly in the northern hemisphere and Africa
and caudatum principally in the southern hemisphere, and further into 12 different varieties,
the distribution of which is as follows (Page, 1976):

Subspecies aquilnum

var. aquilnum
var. wightianum

var. pubescens
var. feei
var. decompositum
var. pseudocaudatum

var. latiusculum

var. africanum

Subspecies caudatum

var. caudatum
var. arachnoideum
var. esculentum
var. yarrabense

Europe and Africa
South-east Asia (including India, China and the Malay

Archipelago)
western North America
Central America
Ha waiian Islands

eastern North America
North America, northern Asia, Japan, northern Europe,

USSR
south-west Africa

Central America, Caribbean
Central and South America, Caribbean
Australia, New Zealand, Pacifie Islands
Malay Archipelago, north-east India

Bracken is probably most abundant in parts of Europe, North America, Australia and
New Zealand, and its spread has caused environmental problerns in parts of the USSR,
Romania, the UK, Brazil, Canada and the USA, including Hawaii (TayI6r, 1980). Rapid
deforestation, leading to loss of natural environmental control and subsequent abandon-
ment of agricultural plots, is a major factor in this proliferation (Page, 1976; Rymer, 1976).

Bracken is one of the most important weeds in the UK, occurring in over 90% of all
lO-krn squares. ln 1957, over 450 000 acres of farrnland in Scotland were infested, a 2%
increase over 1943; by 1970, it was estimated that 400 000 acres were invaded. ln 1936, 3% of
Wales was infested; by 1966, the percentage had increased to 5.7%. ln New Zealand in i 923,
over 35% of IL rnilion acres of former forest that had been converted to grassland was
infested (Page, 1976; Ryrner, 1976; Taylor, 1980; Evans, 1984).
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2.2 Uses and hum an exposure

Bracken fern for human consumption is grown commercially in Japan, Canada, Siberia
and north-eastern USA (Rymer, 1976; Bryan & Pamukcu, 1982).

ln the UK, until the beginning of the 20th century, bracken fern was an important source
of potash for glass, soap and bleaching manufacture. The plant has also been used for fuel,
thatch, animallitter, floor covering, compost, dyestuffs, animal fodder and for medicinal
purposes (Rymer, 1976).

Bracken rhizomes have been ground and used to make or augment bread flour by
Maoris in New Zealand, and in Europe at times of severe food shortages. Bracken fern is
used as a salad green; in Japan, bracken fronds are widely served as appetizers. Fresh

bracken is prepared in two ways: either by immersion in plain boiling water or in boiling
water containing wood ash or sodium bicarbonate, or by pickling in salt and immersion in
boiling water before use. It has been reported that over 300 000 kg of young fronds are
consumed every year in Tokyo alone (Rymer, 1976; Wang et al., 1976; Mori et al., 1977).

Bracken-derived toxins could potentially leach into and contaminate water supplies
(Taylor, 1980), although no actual compound has been identified or isolated. Similarly,
bracken toxins have been found to pass into the milk of cows feeding on the fern. ln grazing
areas where bracken infestation is prevalent, contamination of dairy products and
subsequent human consumption is possible (Evans et aL., 1972; Pamukcu et al., 1978; Evans,
1984).

2.3 Chemical constituents

Many compounds have been isolated from bracken fern in studies to identify the acutely
toxic and carcinogenic principles. These include tannins and organic acids, such as chichoric
acid (dicaffeyltartaric acid) and shikimic acid, at least five flavonoids, about 30 pterosin-
sesquiterpenes, and also polysaccharides, glycosides, inc1uding cyanogenic glycosides, and
ecdysones. Astragalin (kaempferol-3-glucoside) and isoquercitrin (quercetin-3-glucoside)
have been isolated from the fronds; catecholamines and pteraquilin have been isolated from
the rhizomes (Carlisle & Ellis, 1968; Cooper-Driver, 1976; Hikino et al., 1976; Wang et al.,
1976; Fukuoka et al., 1983; Jones, 1983; Evans, 1984). Sorne of these compounds rnay
undergo seasonal and geographical variation in content (Cooper-Driver, 1976; Jones,
1983).

Recently, ptaquiloside (aquilide A), an unstable norsesquiterpene glucoside of the

iludane type, has been isolated and characterized as a metabolic precursor of the pterosins
(van der Hoeven et al., 1983; Niwa et al., 1983; Hirono et al., 1984a,b).

Several components of bracken fern and the levels identified are given in Table 1.



Table 1. Levels of sorne major constituents of bracken fem VIo

Compound Chem. Abstr. Name IUPAC Systematic Name Structural and molecular Level found in References
(Chem. Abstr. Synonyms formulae and molecular bracken fem
Services Reg. No.) weight (mg/ kg)a

Kaempferol 3,5,7- Trihydroxy-2-( 4- 3,4',5,7 - Tetrahydroxy- C1sHio06 MoL. wt: 286.24 1100 Pamukcu et al.
hydroxyphenyl)-4H- 1- tlavone; CI 75640; (I980a)
benzopyran-4-one kempferol; nimbecetin; OH
(520-18-3) pelargidenolon 1497; ..

HO ~populnetin; rhamnolutein; ::
rhamnolutin; robigenin; (j
swartziol; trifolitin; 5,7,4'- ~
trihydroxytlavonol; 3,5,7- 0

Ztrihydroxy-2-( 4-hydroxy- OH 0 0
phenyl-4H-l-benzopyran- a

::4-one) ~
"'
::
C/

Ptaquiloside 7' a-(ß-D-Glucopyranosyl. Aquilide A CioH300s MoL. wt: 398.45 210-2400 van der Hoeven ~
oxy)-1 ',3' a,4', 7' a-tetra- et al. (1983); 0

ru
t'hydro-4' -hydroxy-2',4' ,6'- Niwa et aL. c:

trimethylspiro( cyc1o- , H CH, (I983) ~
mpropane-l ,5' -(5H)-inden)- .t

3'-(2' H)-one 0
(87625-62-5) H3C

HO'CH 0

H~H2~
OH



Table 1 (contd)

Compound Chem. Abstr. Name
(Chem. Abstr.
Services Reg. No.)

IUPAC Systematic Name
Synonyms

Structural and molecular
formulae and molecular

weight

Level found in References

bracken fem

(mg/ kg)a

Quercetin

Shikimic
acid

2-( 3,4- Dih ydro xyp hen y 1)-

3,5,7 -trihydroxy-4 H- 1-
benzopyran-4-one
(117-39-5)

3,3',4' ,5, 7 -Pentahydroxy-
flavone; cyanidenolon
1522; meletin; NCI-C60lO6;
3,5,7,3',4' -pentahydroxy-
flavone; quercetine;

quercetol; quercitin;
quertine; sophoretin; 3',4',-
5,7 -tetrahydroxyflavan-3-
01; xanthaurine

3,4,5- Trihydroxy- 1 -cyc1o- 3a,4a,5ß- Trihydroxy- 1-
hexene-I-carboxylic acid cyc1ohexene-l-carboxylic

(138-59-0) acid

C1sHio07 MoL. wt: 302.24 570 Pamukcu et al.

OH (l980a)
1

OH

o:
~
~
(ì
~

0
m

OH Z
'T
m
~

C7HioOS MoL. wt: 174.15 1440 Hirono et al. Z
(.1 977)

0
Il

C-OH

HOnOH
OH

aDry weight

VI
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3. Biological Data Relevant to the Evaluation of
earcinogenic Risk to Humans

Data on the carcinogenicity of bracken fern have been reviewed (Evans, 1984, 1987).

(The W orking Group summarized the most relevant of the many reports on the
carcinogenicity of bracken fern. They noted that many studies involved small numbers of
animaIs and the results were incompletely reported.)

3.1 Carcinogenicity studies in animais

(a) Oral administration of brackenfern

Mouse: A group of 40 female Swiss mice, six weeks old, was fed a diet of dried bracken
fern mixed with grain (1 part bracken fern:2 parts basal diet) (33%) every other week for a
total of 60 weeks. AlI of the 33 mi ce that survived 30 weeks or rnore developed lymphatic
leukaemia with multiple organ involvernent; in addition, five mice developed multiple
pulmonary tumours. No tumour was detected in 38 control mice that survived 30-60 weeks
(Pamukcu et al., 1972).

Groups of 34 rnale and female C57BL/6 and of 20 male and female dd mice (sex
distribution unspecified), four weeks old, were fed 33% young bracken fern in basal diet for
17 weeks. Intestinal tumours developed in 11/34 C57BL/ 6 mice, and lung adenomas in 7/10
dd mice that survived more than 39 weeks. No tumour was reported in control mice fed the
basal diet (Hirono et al., 1975).

ln a study described in a preliminary report, a group of98 male and female TF1 and Aber
mi ce (age, sex and strain distribution unspecified) was administered bracken fern spores
orally. Each animal received an aqueous suspension of a total of approxirnately 200 rng
dried bracken fern spores that had been stored at room temperature for at least five months,
or fresh spores, approximately one day old at the start of dosing (17 mice), in ten divided
doses. A group of 49 mi ce served as controls. Survivors were kiled at 87-1 17 weeks. Of the

treated animaIs, 53/98 had tumours, 28 of which were leukaernias. Gastric tumours were
reporteq in six mice, five of which had received the fresh spores. Two TF1 females in the
control group had mammary tumours; no tumour was observed in the Aber controls
(Evans, 1987).

Rat: A group of 20 male and 20 fernale Glaxo rats, seven weeks of age, was fed a diet
containing 34% dried bracken fern for 64 days and observed for 50 weeks. AnimaIs also

received three subcutaneous injections of thiaminel during treatrnent. A group of 40 rats
served as controls. At the tirne of reporting, 20/20 rnales and 14/20 females in the treated
group and no control rat had died. Multiple tumours that protruded into the lumen of the
intestine were reported in treated animaIs; these occurred throughout the srnall intestines,

lIn order to counteract the hypovitaminosis B induced by bracken fem
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but predominantly in the ileal region. Most of the tumours were 5-18 mm in diameter,
although ten animaIs developed a large tumour (2-4 cm in diameter) and other srnaller
widespread tumours. Sorne of the tumours were exarnined histologically and determined to
be adenocarcinomas (Evans & Mason, 1965). (The Working Group noted the incomplete
reporting of data on control animaIs.)

A group of 16 male and ten female ACI rats, four weeks old, was fed pelIeted diets
containing 33% dried bracken fern for 17 weeks. An untreated control group of six rnales
and seven females was available. AlI treated animaIs died or were killed when moribund
within 61 weeks. AIl of the 24 rats alive after 30 weeks developed tumours in the ileal region
(16 adenomas, 18 adenocarcinomas and 12 sarcomas); six rats developed caecal adenomas
and one, a caecal sarcoma. No such tumour was observed in the control group (Hirono et
aL., 1970, 1975).

A group of 12 male and 14 female albino rats (strain unspecified), 30-49 days of age, was
fed 33% dried, powdered bracken fern in a grain diet; a second group of 38 males and 52
females received the same diet together with once-weekly subcutaneous injections of 2 mg
thiamine hydrochloridel; and a third group often rnales and 12 females received the basal

diet only and served as controls. Anirnals were observed for up to 52 weeks. AlI rats in the
group receiving bracken fern alone that survived more than 26 weeks developed multiple
intestinal adenomatous polyps or adenocarcinomas; 1/9 (Il %) males and 1/ 13 (8%) fernales
developed urinary-bladder carcinomas. AnimaIs receiving bracken fern and thiamine also
had a 100% incidence of multiple intestinal tumours, and 19/36 (53%) males and 35/51
(69%) females developed urinary-bladder carcinornas. No such tumour was 0 bserved in the
control group (Pamukcu & Priee, 1969; Pamukcu et al., 1970).

Groups of male and female ACI rats, four weeks of age, were administered pelleted diets
containing 33% whole bracken frond, 33% bracken rhizornes or 33% starch made from
rhizomes for 17 weeks and were observed for 70 weeks. Intestinal tumours were induced in
13/18 rats receiving whole bracken fern and in 13/13 rats receiving rhizomes; one anirnal in
each of these groups developed bladder tumours. No tumour was reported in rats receiving
the starch (Hirono et aL., 1973).

A group of 15 male and 15 female Sprague-Dawley rats, six weeks old, was fed a diet
containing 30% bracken fern fronds for 37 weeks. Eight fernales developed mamrnary
adenocarcinomas, five developed anaplastic carcinornas ofthe mammary gland, and one, a
squamous-cell carcinoma of the mamrnary gland. BeaI adenomas were observed in 14 males
and nine females, and ileal adenocarcinornas in 13 rnales and 12 females. One male and one
female had a spindle-celI fibrosarcorna of the ileum. Urinary-bladder carcinomas were
observed in six males and six females; two females developed squamous-cell carcinornas of
the Zymbal gland. No tumour was found in an untreated control group(Hirono et aL.,
1983).

Guinea-pig: A group of 13 guinea-pigs, six weeks old, was given a supplement of fresh
bracken fern fronds in their diet (ratio unspecified) for IL weeks. One guinea-pig died of an

'ln order to counteract the hypovitaminosis B induced by bracken fern
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adenocarcinoma of the jejunum after 100 weeks; urinary-bladder carcinornas were also
observed in several animaIs. No tumour was reported in a control group (Evans, 1968). (The
Working Group noted the incomplete reporting of the data.)

Cow: Thirty cows, aged 1.5 to four years, weighing 100-150 kg, were fed 400-1000 gfresh
bracken fern or 300-600 g dried bracken fern per cow per day. A group of 14 cows served as

untreated controls. Of the cows receiving the highest dose, six died within one year. Within
276-1920 days, 20 cows developed urinary-bladder turnours (rnacroscopically visible in 13,
microscopically visible in seven); 18 of these tumours were either epithelial or epithelial and
mesenchymal. Carcinomas occurred in ten cows and papilomas in eight. No bladder
tumour was reported in the controls (Pamukcu et al., 1976).

High incidences of alimentary-tract carcinomas (in association with papilomas) and of
bladder tumours were reported in beef caule in highland areas of the UK where bracken fem
is common (Jarret, 1978; Jarret et al., 1978).

Toad: A group of98 toads (Bufo regularis), weighing 50 g, was fed 10 mg bracken fern
per animal per week for five months. Seven animaIs developed ileal adenocarcinomas, and
16 developed hepatomas, six of which metastasized to the kidneys. No tumour developed in
100 control animaIs (EI-Mofty et al., 1980).

(b) Oral administration ofprocessed brackenfern

Rat: A group of six male and six female ACI rats was fed a pelleted diet containing 33%
bracken fern that had been irnmersed in boiled water for 5-10 rnin. A group of six male and
seven female rats fed basal diet only served as controls. AnimaIs were treated for 17 weeks
and observed for approximately 70 weeks. ln the treated group, nine anirnals developed
intestinal tumours (seven adenomas and three adenocarcinomas); and three developed
bladder carcinomas. The authors reported that the intestinal tumours occurred at a lower
incidence and longer latent period (no data given) in this group of animaIs than in a group
receiving untreated bracken fern (see above). One urinary bladder papilorna was observed
in the control group (Hirono et al., 1970, 1975).

Groups of 10-14 male and female ACI rats, four to six weeks old, were fed diets
containing 33% untreated bracken fern for 17 weeks (group A), 33% bracken fern immersed
in boiled water plus wood ash for 17 weeks (group B), 33% bracken fern imrnersed in boiled
water plus sodium bicarbonate for 17 weeks (group C), 33% fresh bracken fern pickled in
salt and irnmersed in water for 17 or 39 weeks (group D), or basal diet alone (controls), and
were observed for 70 weeks. Tumours, rnostly of the ileum, were observed in 11 /14,3/12,
1/ 10 and 1/ 10 rats in groups A, B, C and D (17 weeks), respectively. One rat in group D (39
weeks) developed a reticulum-cell sarcorna of the rnesenteric lyrnph nodes. No tumour was
observed in controls (Hirono et al., 1975).

(c) Oral administration of extracts of brackenfern

Rat: Groups of seven to 14 ACI male and female rats, four to six weeks old, received 33%
unprocessed bracken fern in the diet for 13 weeks (group A), an aqueous bracken-fern
extract (obtained by immersing 60 g dry bracken fern in 2 1 boilng water for 3 min) as
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drinking-water for 70 weeks (group B), another aqueous bracken-fern extract (obtained by

immersing 60 g dry bracken fern in 2 1 cold water for 72 h) as drinking-water for 70 weeks
(group C), a diet containing 33% concentrated boiling-water extract of bracken fern for 70
weeks (group D), or a diet containing 33% of a thrice-extracted boiling-water extract of
bracken fern for 72 weeks (group E). AIl survivors were observed for 70-74 weeks. The
numbers of rats with ileal tumours (adenoma, adenocarcinoma and fibrosarcoma) were
13/ 14,4/ Il,0/ 12,6/7 and 8/ lOin groups A, B, C, D and E, respectively; the numbers of rats

with urinary-bladder tumours (papilloma, transitional-cell carcinoma, squamous-cell
carcinoma or leiomyosarcoma) were 1/14, 4/11, 0/12, 7/7 and 9/10, respectively. No
tumour was observed in an untreated control group (Hirono et al., 1978).

(The Working Group was aware of a study in rats on tannin isolated from bracken fern
and on tannin-free extracts (Pamukcu et al., 1980b). See also monograph on tannins
(lARC, 1976).)

Quai!: A group of 34 Japanese quail (Coturnix coturnixjaponica) was fed a hot ethanol

extract of dried bracken fern in the diet (details not given) immediately after hatching for 22
weeks. Deaths occurred from 22 weeks of age due to highly rnalignant adenocarcinomas,
predominantly in the caecum and colon and to a lesser extent in the ileurn. After 44 weeks,
the incidence was 80% compared to 0 in a control group (Evans, 1968).

(d) Studies with substances isolatedfrom brackenfern

Mouse: A group of ten male and three female TF1 mice, ten weeks of age, received a
single intraperitoneal injection of 1-30 rng shikimic acid and was observed for up to 70
weeks. A control group of 57 mice was available. Neoplasms of the glandular stomach
developed in six treated mice, reticular-cellieukaernia in three and lymphocytic leukaemia
in one. No such tumour was reported in the control group (Evans & Osman, 1974). (The
Working Group noted the inadequate reporting of the study.)

Rat: A group of six male and six fernale ACI rats, four weeks old, received 0.1 % shikimic
acid derived from bracken fern in the diet for 142 days and was rnaintained on basal diet for
70 weeks, at which time aIl survivors were kiled. No tumour was found in treated animaIs or
in an untreated control group (Hirono et al., 1977). (The Working Group noted the small
number of animaIs used.)

Two groups of 12 female CD rats, 25-28 days old, received either 780 mg/ kg bw
ptaquiloside derived from bracken fern by gavage followed by weekly intragastric
administration of 100-200 rng/ kg bw ptaquiloside for eight consecutive weeks (group 1) or
twice-weekly intragastric administrations of 100- 1 50 rng/ kg bw ptaquiloside for eight weeks

foIlowed by a single administration in week 9 (group 2). Anirnals were sacrificed 43 weeks
after the start of the experiment. Rats surviving more than 24 weeks comprised the effective
animaIs. AlI seven effective animaIs in group 1 had mammary turnours (adenocarcinornas
and carcinomas); four also had multiple ileal adenocarcinomas. ln group 2, 10/11 effective
animaIs had mammary turnours and rnultiple ileal adenocarcinomas; one animal showed a
lung metastasis of a marnmary tumour. No tumour was observed in a control group of 15
females (Hirono et al., 1984a).
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(See also monographs on kaempferol (IARC, 1983a), quercetin (lARC, 1 983b) and
tannins (IARC, 1976).)

3.2 Other relevant biological data

(a) Experimental systems

Taxie effects

Bracken fern poisoning in cattle and experimental animaIs has been reviewed (Evans et
al., 1954; Y oshihira et aL., 1978; Hirono, 1981). Actively growing bracken fern contains
toxins that reproduce many of the effects of radiation, and the acute lethal syndrome is
radiomimetic (bone-marrow aplasia, haemorrhage and severe gastrointestinal darnage)
(Evans, 1968).

ln cattle, bracken fern toxicity can be divided into two categories - enteric and
laryngitic. Enteric toxicity, which is more common in adult catte, induces symptorns of
depression, anorexia and enteritis, with frequent blood clots in the faeces. Numerous
petechial haemorrhages are visible in the mucous membranes, and there may be bleeding
from the nostrils and intestinal and urogenital tracts, especially during the terminal stages,
when a high fever (42-43°C) always evolves. Post-mortem examination reveals extensive
haemorrhage throughout the body, with numerous ulcers in the digestive tract (Evans et al.,
1954) .

Laryngitic toxicity is common, but not invariable, in ca Ives suffering from brackenfern
poisoning. The animaIs appear dull and listless, with excessive mucous discharge around the
nostrils and mouth. Oedema of the throat region, leading to difficulty in breathing and
mooing, is characteristic. There is no external sign of bleeding, but high fever usually occurSo
On post-mortem examination, petechial haemorrhage may be observed, but there is little
evidence of gross internaI bleeding (Evans et aL., 1954).

Ingestion of brackenfern causes Bi avitaminosis in rats (Weswig et al., i 946) and horses
(Roberts et al., 1949), and 'bright blindness' (a primary retinopathy) in sheep (Barnett &
Watson, 1970).

Hyperplastic nodules of the Ii ver were induced in CD and ACI rats fed diets containing
30% brackenfern for 260 and 180 days; respectively (Hirono et al., 1984c).

Two groups of 12 female Sprague-Dawley rats were given intragastric administrations
of ptaquiloside derived from bracken fern (purity unspecified), to give total doses of 300 and
339 mg/ rat, respectively. ln one group, the first dose of 780 rng/ kg bw at day 25 after birth
was followed by 100-200 mg/ kg bw once a week for eight consecutive weeks and resulted in
haematuria, urinary incontinence and loss ofbody weight. Five ofthe 12 rats died within 12
weeks. ln the second group, treated from day 28 after birth with twice-weekly intragastric
administrations of 100-150 mg/ kg bw ptaquiloside for eight weeks followed by a single
administration in week 9, only one of 12 rats died within nine weeks (Hirono et al., 1984a).

Ptaquiloside was isolated from a boilng-water extract of bracken fern and administered
by drench to a single calf; dosages given on six days out of seven were: 400 mg/ day for 24



BRACKEN FERN 57

days, then 800 mg/ day for 14 days and then 1600 mg/ day for four days. Granulocytopenia
and thrombocytopenia were observed, and the calf was autopsied 86 days after the start of
administration: haemorrhage was not observed, but femoral and sternal bone marrows were
almost entirely replaced by fat (Hirono et aL., 1984d).

EJfects on reproduction and prenatal toxicity
Female ICR-JCL mice were fed diets composed of 33% dried Japanese bracken fern

throughout gestation. MaternaI weight gain and serum protein concentration were reduced
in comparison to controls; fetuses (eight litters) had lower weights and increased skeletal
variations with retarded ossification. The authors suggested that the effects observed were
due to the ingested bracken fern and might be related to maternaI thiamine deficiency
caused by the plant (Yasuda et al., 1974). (The Working Group noted the small number of
animaIs used and the use of a single dose group.)

It was reported in a short communication that groups of seven to 14 pregnant female
CF- 1 mice were given 0.25 or 1.0 g/ kg bw shikimic acid in water from day 1 - 1 7 of gestation.
Although implantations were significantly reduced in treated animaIs, the number of live
fetuses per litter was not significantly reduced as compared to controls. No gross anomaly
was detected (O'Donovan et aL., 1977).

Absorption, distribution, excretion and metabolism
ln cows, toxic components of bracken fern have been demonstrated to pass into the

milk, and have been reported to cross the placenta (Evans et aL., 1958, 1972; Pamukcu et al.,
1978). MaternaI passage via the placenta and/ or milk has also been demonstrated in rnice
(Evans et aL., 1972).

Mutagenicity and other short-term tests
An acetone extract of brackenfern was mutagenic to Salmonella typhimurium T A98 in

the presence of an exogenous metabolic system (White et al., 1983). Light petroleum and
methanol extracts of bracken fern that had been activated by alkaline treatment prior to
testing were mutagenic to S. typhimurium T A98 and/ or T A 100, in the absence of an
exogenous metabolic system, when tested in a preincubation as say; more than 50% of the
activity was attributed to the glycoside, ptaquiloside (van der Hoeven et aL., 1983).

It was reported in an abstract that rats fed brackenfern excreted a urinary fraction that
was mutagenic to S. typhimurium T A98 and TAI 00; another fraction was mutagenic to
T AI00 but not to T A98 (Hatcher et al., 1981). A chloroform:methanol fraction ofmilk from
cows fed bracken fern was mutagenic to TAI 00 but not to T A98 (Pamukcu et al., 1978). ln
neither of these studies was the active compound identified.

Ptaquiloside (l0-6-1O-4M) induced unscheduled DNA synthesis in prirnary rat-liver
hepatocytes (Mori et aL., 1985). It was also reported to induce sister chrornatid exchanges
and HPR T -deficient mutants in Chinese hamster V79 cells and unscheduled DN A synthesis
in human fibroblasts and to transform C3H lOTI /2 cells(details not given)(van der Hoeven
et al., 1983).

Shikimic acid (tested at up to 2000 jlg/ plate) was not mutagenic to S. typhimurium
T A1535, T A1537, T A1538, T A98 or T AlOO, in the presence or absence of an exogenous
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metabolic system (S9) from the livers of Aroclor-induced rats (Stavric & Stoltz, 1976;
Jacobsen et al., 1978). A number ofbacterial and mammalian rnetabolites ofshikimic acid
were not mutagenic to S. typhimurium T A1535, T A1537, T A98 or T A 100, with or without
S9 from the livers of Aroclor-induced rats (Jones et al., 1983).

Shikimic acid did not induce chromos omal aberrations in cultured Chinese hamster
CHL cells (Ishidate & Odashima, 1977).

Dominant lethal mutations were induced when a group of five TF1 rnice were admin-
istered 1000 mg/ kg bw shikimic acid intraperitoneally or3000 mg/ kg by gavage as a single
dose and each mated to four virgin females for eight successive weeks (Evans & Osrnan,
1974). ln a later and more substantial study, 500 mg/ kg bw shikimic acid were administered
intraperitoneally to 15 male Alderly Park mice once a week for eight successive weeks or
once only before mating to three females for either two or eight weeks, respectively; no
dominant lethal effect was seen. With the same dosage regimen, there was no evidence of
heritable translocation (Anderson et al., 1981).

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

3.3 Case reports and epidemiological studies of carcinogenicity to humans

Intake of bracken fern, hot tea gruel (chagayu), meat and fruit and cigarette smoking
were studied in 98 patients with cancer of the oesophagus and 476 control subjects 60 years
of age or older in Nara, Wakayama and Mie prefectures of Japan (Hirayama, 1979). The
relative risk of cancer of the oesophagus was 2.68 (95% confidence interval, 1.38-5.21) in
those who ate bracken fern daily and 1.53 (0.90-2.62) in those who ate it occasionally, in
corn paris on with the incidence in those who ate it rarely or not at all ( X i for linear trend =
8.04; p = 0.004). The risk gradient appeared to be steeper in females (relative risks, 1.00
(rarely/not at aIl), 1.65 (occasionally) and 3.67 (daily); xi trend = 6.24;p = 0.012) than in
males (1.00, 1.33,2.10; .Yi trend = 2.60; p = 0.11). The difference in gradients was not
significant, however. When subjects were stratified by intake of hot tea gruel, smoking and
intake of meat and fruit, the increase in risk of cancer of the oesophagus associated with
consumption of bracken fern appeared to be confined to those who also took hot tea gruel
and was greater, relatively, in those who smoked than in thosewho did not, and in those who
did not eat meat or fruit daily compared with those who did. The highest risk of cancer of the
oesophagus was in those who smoked and took bracken fern and hot tea gruel daily and did
not eat meat or fruit daily. (The W orking Group noted the lack of detail in this report, such
as information on the source of controls or use of alcohol, which is associated with the
occurrence of oesophageal cancer (Tuyns et al., 1979).)

4. Summary of Data Reported and Evaluation

4.1 Exposure

H uman exposure to bracken fern and its constituents occurs by direct ingestion of the
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fronds in sorne regions of the world, or by ingestion of dairy products frorn catte grazing on
the fern. ln the past, bracken has found other end uses such as in bread flour and medicinals.

4.2 Experimental data

Bracken fern was tested for carcinogenicity by oral administration to rnice, rats, guinea-
pigs, cows and toads. ln all species except cows, bracken fern induced malignant or benign
and malignant intestinal tumours, particularly in the small intestine. It also induced bladder
carcinomas in rats, guinea-pigs and cows, liver tumours in toads, lymphocytic leukaernias in
mice and mammary carcinornas in rats.

Administration in the diet to rats of bracken fern that had been processed as for hurnan
consumption produced intestinal tumours, but at a lower incidence than unprocessed
bracken fern.

ln one study in rats, starch made from bracken fern rhizornes did not produce turnours.

Oral administration of boiling-water extracts of bracken fern to rats induced intestinal
and bladder turnours; adrninistration of ethanol extracts to quails produced intestinal
tumours.

ln studies on the carcinogenicity of substances isolated from bracken fern, oral

administration ofptaquiloside to rats produced marnmary and intestinal tumours. Shikimic
acid has not been adequately studied. Kaempferol, quercetin and tannins, which also occur
in bracken fern, were evaluated in previous volumes of lARe Monographs.

Administration of bracken fern in the diet in one study in mice at one dose induced
maternaI toxicity, sorne embryotoxicity and sorne rninor abnormalities in offspring.

An acetone extract of bracken fern was mutagenic to Salmonella typhimurium in the
presence of an exogenous rnetabolic system; light petroleurn and methanol extracts of
bracken fern activated by al kali ne treatment were mutagenic to S. typhimurium in the
absence of an exogenous metabolic systern.

Ptaquiloside induced unscheduled DNA synthesis in prirnary rat liver hepatocytes.

Shikimic acid was not rnutagenic in Salmonella typhimurium. It did not induce
chromosomal aberrations in cultured Chinese hamster cells. Conflcting results were
reported in the dominant lethal test and negative results in the heritable translocation test in
mice.

4.3 Human data

One case-control study from Japan has suggested an association between intake of
bracken fern and cancer of the oesophagus.
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Overall assessment of data from short-term tests: Bracken Cern extractsa

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes +

Fungi/ Green plants

Insects

Mammalian cells
(in vitro)

Mammals
(in vivo)

H umans

(in vivo)

Degree of evidence in short-term tests for genetic activity: Inadequate Cell transformation:
No data

OThe groups into which the table is divided and the symbol used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.

Overall assessment of data from short-term tests: Ptaquilosidea

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes

Fungi/ Green plants

1 nsects

Mammalian cells
(in vitro) +

Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Inadequate Cell transformation:
No data

OThe groups into which the table is divided and the symbol used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.
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Overall assessment of data from short-term tests: Shikimic acida

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes -
Fungij Green plants

1 nsects

Mammalian cells
(in vitro) -
Mammals
(in vivo) ?

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Inadequate Cell transformation:
No data

OThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.

4.4 Evaluationl

There is sufficient evidence2 for the carcinogenicity of bracken fern in experimental
animaIs.

There is limited evidence for the carcinogenicity of ptaquiloside derived from bracken
fern in experimental animaIs.

There is inadequate evidence for the carcinogenicity of shikimic acid derived from
bracken fern in experimental animaIs.

There is inadequate evidence for the carcinogenicity of bracken fern to humans.
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elTRININ

1. ehemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 518-75-2

Chem. Abstr. Name: (3R-trans)-4,6-Dihydro-8-hydroxy-3,4,5-trimethyl-6-oxo-3H-2-
benzopyran-7 -carboxylic acid
iu PA C Systematic Name: (3R,4S)-4,6-Dihydro-8-hydroxy-3,4,5-trimethyl-6-oxo-3H-
2-benzopyran-7 -carboxylic acid

1.2 Structural and molecular formulae and molecular weight

o

CH)

,.CH)
,.

CI3HI40S MoL. wt: 250.25

1.3 Chemical and physical properties of the pure substance

(a) Description: Yellow odourless crystalline solid (IUPAC, 1982); lemon-yellow
needles from ethanol (Windholz, 1983); yellow needles (methanol) (Weast, 1985)

(b) Melting-point: 170-173°C, after drying for 1 h at 60°C (IUPAC, 1982)

(c) Spectroscopy data: Ultraviolet (IUPAC, 1982), infrared (Pouchert, 1981 (321 Ba);
IUP AC, 1982), proton nuclear magne tic resonance (Barber & Staunton, 1980;

IUP AC, 1982), C-13 nuclear rnagnetic resonance (Barber & Staunton, 1980) and
mass spectral data (IUPAC, 1982) have been reported.

aSpectrum number in Pouchert compilation

-67-
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(d) Solubility: Practically insoluble in water; soluble in ethanol (0.7 g/100 ml),

dioxane, dilute alkali (Windholz, 1983), acetone (5 g/100 ml), benzene and
chloroform (7.7 g/ 100 ml) (Ambrose & DeEds, 1946; Weast, 1985)

(e) Stability: Decomposes at 178-179°C (Weast, 1985)

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Citrinin was first isolated in 1931 by Hetherington and Raistrick frorn a culture of
Penicilium citrinum Thom. A filtrate of the culture solution was acidified to precipitate the
crude product; further purification was achieved by recrystallization from boiling absolute
ethanol (Hetherington & Raistrick, 1931). More recently, Davis et al. (1975) utilized this
same procedure to isolate citrinin from P. citrinum growing in a sucrose/ yeast nutrient
solution. The precipitate can be purified by an extraction/ filtration sequence with various
organic solvents (e.g., chloroforrn, ethyl acetate) (Scott, 1980). Jackson and Ciegler (1978)
described a method for producing citrinin from a solid substrate and isolation involving
alternate chloroform/ sodium hydrogen carbonate solution extraction steps and final
purification from hot absolute ethanol. Betina (1984) has summarized procedures for the
isolation and purification of citrinin.

The synthesis of citrinin and dihydrocitrinin was reported by Cartwright et al. (1949).
Initially, the laevorotatory forrn of 3-( 4,6-dihydroxy-ortho-tolyl)butan-2-01 is carboxylated
to form the acid. This product is subjected to the Gattermann reaction (conversion of the
phenol to the aromatic aldehyde by reaction with hydrogen cyanide/ hydrogen chloride in
the presence of a zinc chloride catalyst) to produce an intermediate, which is subsequently
cyclized with sulphuric acid to form citrinin. The crude product was purified by
crystallzation from ethanoL. An alternative synthetic method involves the conversion of
dihydroxycitrinin to citrinin by oxidation with bromine (Warren et al., 1949).

Several authors have described biosynthetic routes for citrinin production. Birch et aL.
(1958) suggested that citrinin produced by Aspergilus candidus is derived from the
condensation of five acetate groups and three Ci units. Schwenk et aL. (1958) demonstrated a
similar pathway in Penicilium citrinum. This biosynthetic route for citrinin was substan-
tiated by Rodig et aL. (1966) using radiolabelled glucose. More recently, it was determined
that 4,6-dihydroxy-3,5-dimethyl-2-(1-methyl-2-oxopropyl)benzaIdehyde is the first enzyme-
free aromaticintermediate in the biosynthetic pathway of citrinin in P. citrinum. This study
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also showed that the methylation reactions take place on a polyketide synthetase complex
(Barber et al., 1981).

Citrinin is not currently produced in comrnercial quantities, but small amounts for
research purposes are available from four firms in the USA (Baker et al., 1984) and one in
Israel (Makor Chemicals Ltd, 1985). No European or Japanese producer has been
identified.

(b) Use

Citrinin has been reported to demonstrate antibiotic and bacteriostatic properties.
Dilutions of 1: 15 000 to 1 :50000 inhibit the growth of Staphylococci and the compound is
bacteriocidal at a 1 :8000 concentration against Staphylococcus aureus and S. albus
(Ambrose & DeEds, 1946). It has not been developed as a commercial antibiotic because of
its reported toxicity in animal tests.

There is no current use for citrinin other than for research purposes. Two firms include
purified citrinin in analytical reagent kits for use as a standard for mycotoxins (Makor
Chemicals Ltd, 1985; Sigma Chemical Co., 1985).

2.2 Occurrence

(a) Naturaloccurrence

Citrinin is a toxic secondary metabolite of fungi, first isolated from P. citrinum Thom
(Hetherington & Raistrick, 1931). It is also produced by several other species of Penicillum
and Aspergilus (Birch et al., 1958; Barber et al., 1981). The citrinin-producing Penicillum
species inc1ude P. lividum West, P. phaeojanthinellum Biourge, P. implicatum Biourge, P.
citreo-sulfuratum Biourge, P. chrzaszci Zaleski, P. viridicatum Westling, P. expansum
Link, P. steckii Zaleski, P. velutinum, P. canescens, P. purpurescens, P. claviforme, and P.
roqueforti. The Aspergilus species include A. candidus, A. terreus, and A.jlavipes (Betina,
1984).

(b) Sail and plants

Citrinin has been found in the leaves of 
the Australian plant Crotolaria crispa ta (Ewart,

1933). Aoyama et aL. (1982), who screened 750 samples offilamentous fungi from soil for the
presence of antioxidant activity, found that one of two strains selected for further study
from 14 positive strains produced citrinin.

(c) Food, beverages and animalfeed

Citrinin-producing fungi grow on grains and fruits stored in high humidity; however, the
presence of the fungus does not necessarily indicate the presence of the mycotoxin. When
samples of wheat, barley, rye and corn from Poland were incubated at 15°C and 25-30%
humidity for four weeks, citrinin was observed in 7% of the samples at levels up to 24 mg/ kg,
in six isolates of Penicillum and one of Aspergilus (Chelkowski & Golinski, 1983).
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Citrinin has been found in rice (National Cancer Institute, 1984). Brown rice stored in
two warehouses in Hokkaido, Japan, for seven years under natural conditions was found to
contain 700 and 1130 ¡.g/kg citrinin (Sugimoto et al., 1977).

Citrinin was found at a level of27 ¡.g/kg in one offive sam pIes of corn flour collected in
Tokyo between January and April 1980. Resampling showed that one of four corn flour
samples had 73 ¡.g/ kg citrinin. Eleven corn flour samples prepared from corn imported
from Thailand contained 10-98 ¡.g/ kg citrinin, while two samples of the raw corn itself
contained 174 and 1390 ¡.g/ kg citrinin. Corn from Burrna had 212 ¡.g/ kg citrinin, but corn
from Argentina had none. Damaged corn from Thailand (cracked, discoloured or wormy)
had 720 ¡.g/ kg citrinin, compared to none in normal corn and 174 ¡.g/ kg in a random
sam pIe of unsorted corn containing both normal and damaged corn (Nishijima, 1984).

Citrinin was found in four of269 samples of a crop ofbarley stored in Sweden in 1976 at

levels of 30,50, 170 and 480 ¡.g/ kg (Hokby et aL., 1979). Of 523 grain samples examined in
England and Wales during 1976-1979,2.1% contained citrinin alone, and 1.7% contained
citrinin and other mycotoxins (Buckle, 1983). Following a wet harvest in Saskatchewan in
1968, 11 of 20 samples of naturally heated wheat, rye, barley and oats contained citrinin at

levels of 0.07-80 mg/ kg (van Walbeek, 1973). When 50 samples of mouldy bread and seven
samples of mouldy flour frorn domestic sources and retail shops were extracted and
analysed for mycotoxins, citrinin was detected in one flour sample at a level too low to be
measured (Osborne, 1980).

Citrinin occurs naturally in wheat, barley, rye and oats in both Canada and Denmark
(Salunkhe et al., 1980). AlI grains, oilseeds and their rneals tested by Bhattacharya and
Majumdar (1982) supported the growth of P. citrinum and the production of citrinin in
solid-state fermentation; rice, soya bean and groundnut cakes were the most effective
substrates.

Citrinin was found in three of 33 samples of barley and oats used for swine feed in three
districts of Denmark (Krogh et al., 1973) at levels of 160-2000 ¡.g/ kg. Citrinin was extracted
from one isolate of P. citrinum obtained from til (sesarne seed) (Reddy & Reddy, 1983).
Groundnut pods collected in India (Subrahrnanyam & Rao, 1974) on the day of harvest in
N ovember 1972 were graded into undamaged and damaged pods, and kernel moisture
content was determined. High levels of citrinin were associated with kernels that had less
than 30% moisture. All damaged kernels contained the toxin.

Citrinin was found in seven of 41 moulds obtained from darnaged tomatoes and
analysed for mycotoxins, at levels of 0.07-0.76 ¡.g/g (Harwig et aL., 1979). Cerutti et aL.
(1982) found no citrinin in 55 sarnples offruitjuices, purees and hornogenized foods in Italy
using an analytical method with a detection Ii mit of 50 ng and a recovery of 50%.

Naturally rotting apples in Canada were found to contain traces of citrinin (Harwig et
aL., 1973); larger amounts were found when the fungal isolates from these apples were
cultured for seven days. Citrinin appears to be unstable in apple juice.

Bullerman (1980) examined retail sarnples of 75 irnported cheeses and 78 domestic
cheeses in the USA for moulds. Cultures frorn four sarnples produced citrinin.

Of 422 Penicillum cultures isolated frorn mould-ferrnented sausage collected in Il
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European countries, ten produced citrinin. No citrinin was detected in sausages ripened with
mould-producing citrinin for 70 days (Mintzlaff et al., 1972). Country-cured hams from
south-eastern USA yielded seven strains of P. viridicatum, which produced citrinin on
culturing under temperature conditions similar to those in the ageing process used for these
products (25-30°C) (Wu et aL., 1974). Soya sauce produced by fermentation with P. citrinum
and Aspergilus was analysed by a method able to detect 20 mg/ kg citrinin; none was
detected (Tu et aL., 1984).

2.3 Analysis

Citrinin has been determined by a number of methods, primarily thin-Iayer chrornato-
graphy and high-performance liquid chromatography. Nuclear magnetic resonance has

usually been used for confirmation of the structure in the presence of other mycotoxins. The
sensitivity of methods for citrinin detection can be improved by using chromatographic
plates impregnated with oxalic or glycolic acids (Gimeno, 1980, 1984). Clean-up steps are
matrix dependent; thus, grain extracts may be easier to analyse than corn or peanuts.
Obstacles to citrinin analysis include the fact that it is a chelating agent, its sensitivity to pH,
and the effect of temperature on its stability (Stoloff, 1983).

A summary of representative methods is given in Table 1.

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

3.1 Carcinogenicity studies in animais

(a) Oral administration

M ouse: Groups of 20 male D D D mice, six weeks of age, were fed diets containing 0, 100
or 200 mg/ kg of diet citrinin (purity unspecified) for 70 weeks. The numbers of mice still
alive at 40 weeks were 17, 17 and 19 in the three groups, respectively. No renal tumour was
reported (Kanisawa, 1984). (The W orking Group noted the short duration of the study and
the small number of animaIs used.)

Rat: Groups of 10-20 male Sprague-Dawley rats, eight to ten weeks old, were fed diets
containing 0, 0.02 or 0.05% citrinin (purity unspecified) for 48 weeks, at which time
survivors were killed. No kidney turnour was observed (Shinohara et al., 1976). (The
Working Group noted the short duration of the study.)

Groups of 22 and 50 male Fischer 344 rats, six weeks old, were fed diets containing 0 and
0.1% citrinin (99% pure), respectively, for 80 weeks. At week 32, in 13 treated rats that were
sacrificed, the incidence of focal hyperplasia of renal tubular ceIls was increased. Small
adenomas were found in the kidneys of aIl of eight treated rats sacrificed at week 40. Massive
tumours were 0 bserved grossly in the kidneys of aIl treated rats sacrificed at week 60 (17 rats,
p': 0.05) and at week 80 (ten rats,p': 0.05). These tumours were benign and were classified
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Table 1. Methods for the analysis of citrinin

Sample matrix Sample preparation Assay
procedurea

Limit of
detection

Reference

Standard Dissolve in chloroform TLC 10 ng Reiss (1978)
preparations Dissolve in chloroform TLC 0.8 ng Gimeno (1980)

Dissolve in chloroform HPTLCl uv 1 ng Lee et aL. (1980)
HPTLClFL 0.01 ng

Dissolve in acetone TLC 0.05 ng Robb & Norval (1983)
CT -Chang 100 ng

CT-HEp-2 10 ng

Dissolve in chloroform UV or FL 500 ng Neely et al. (1972)

Fruit juices, Homogenize sam pIe, extract with TLCl UV 30-40 ngl g Gimeno & Martins (1983)
fruits, purees acetonitrilel4% KCI 400 ngj g Cerutti et aL. (1982)

Processed foods

mouldy bread, Extract with acetonitrilej 4% KCI TLCl FL 100- 1000 Johann & Dose (1983)
rice and and cyclohexane (2-D) ngjg
vegetable
foodstuffs

soya sauce TLCl UV 20 p,gj g Tu et al. (1984)
cheeses Extract with dichloromethane HPLCjFL 20 ngl g Nowotny et al. (1983)

Grains, flours Grind sample, extract with TLClFL or 80-750 ngl g Roberts & Patterson
and animal chloroform or acetonitrilel4% KCI, TLCl UV (1975); Jackson & Ciegler
feed or with acidified acetonitrilel KCI (1978); Chalam & Stahr

followed by silica gel chromato- (1979); Gimeno (1979);
graphy Takeda et aL. (1979);

Wilson (1982); Golinski &
Grabar kiewicz-Szczes na

(1984)
Grind sample, extract with aceto- TLCl UV 15-20 ngl g Gimeno (1984)
nitrile and glycolic acid

Extract with ethyl acetate PC 20 ngl g Nakagawa et al. (1982)

Extract with acidified acetonitrile HPLC 50 ngj g Marti et aL. (1978)

Extract with acidified acetonitrile; FL 100 ngl g Trantham & Wilson (1984)
dissolve in chloroform

Extract with ethyl acetatej FL 50 ngj g Nakazato et al. (1981)
chloroform; dissolve in methanoll
water

Biological fluids Extract acidified plasma, bile and HPLC 10 ng Philips et al. (1980)

urine with ethyl acetate; dissolve in
acetonitrile

a Abbreviations: TLC, thin-layer chrornatography; HPTLC, high-perforrnance thin-layer chrornatography; UV, ultra-

violet detection; FL, fluorirnetry; CT-Chang, cytotoxicity in Chang liver cells; CT -HEp-2, cytotoxicity in HEp-2 cells; 2-D,
2-dirnensional; HPLC, high-perforrnance liquid chrornatography; PC, reverse-phase ion-pair partition chrornatography
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as clear-cell adenomas. No renal tumour was seen in the control group (Arai & Hibino,
1983).

Fish: Groups of 50 Medaka fish (Oryzias latipes) were fed diets containing 150 or 300
mg/ kg citrinin (purity unspecified) for 12,22 or 24 weeks. (The daily amount of diet given to
a group of approximately 50 fish was 800 mg.) An untreated control group was available.
Only 1/35 Medaka treated with 150 mg/ kg of diet for 24 weeks developed a liver-cell nodule
(Hatanaka et al., 1982). (The Working Group noted the short duration of the study.)

(h) Administration with known carcinogens or other chemicals

Mouse: Groups of 20 male DDD mice, six weeks of age, were fed diets containing 25
mg/ kg ochratoxin A or 25 mg/ kg ochratoxin A plus 200 rng/ kg citrinin for 70 weeks.
Renal-cell tumours developed in 6/18 mice fed ochratoxin A and in 10/18 mice fed
ochratoxin A plus citrinin (Kanisawa, 1984). (The W or king Group noted the small number
of animaIs used.)

Rat: Groups of20 male Sprague-Dawley rats, eight to ten weeks old, were pretreated with
0.05% N-nitrosodirnethylamine (ND MA) in the diet for two weeks; they then received basal
diet for two weeks, followed by diets containing 0.02 or 0.05% citrinin (purity unspecified)
for 20 weeks, at which time survivors were sacrificed. A positive control group of20 rats was
fed a diet containing 0.05% NDMA for two weeks and then a basal diet for 22 weeks. The
incidence of renal-cell tumours was 18/ 19 in the low-dose (p ~ 0.0001) and 13/ 15 in the
high-dose (p ~ 0.01) groups. The incidence of embryonal-cell tumours in the kidneys was
14/ 19 (p~0.001) and 9/ 15 (p~ 0.01), respectively. The incidences ofrenal-cell tumours and
embryonal-cell tumours in rats treated with NDMA were 2/14 and 8/ 14, respectively. When
rats were pretreated with 0.5% N-(3,5-dichlorophenyl)succinimide for eight weeks followed
by treatment with 0.02% citrinin for 20 weeks, 4/ 18 animaIs developed renal-cell tumours.
N-(3,5-Dichlorophenyl)succinimide alone did not produce kidney tumours but caused
severe interstitial nephritis (Shinohara et al., 1976).

3.2 Other relevant biological data

(a) Experimental systems

Taxie effects
Subcutaneous or intraperitoneal adrninistration of citrinin (doses ranging from lOto 50

mg/ kg bw) induced hyperaernia of ears and feet, miosis, respiratory stimulation and
prostration in rats and rabbits; in mice and guinea-pigs, only effects on respiration were
seen. Subcutaneous and intraperitoneal LDso values were reported to be 35 mg/ kg bw in
mi ce and 67 mg/ kg bw in rats; a subcutaneous LDso of 37 mg/ kg bw was reported in guinea-
pigs, and an intravenous LDso of 19 mg/ kg bw was reported in rabbits (Arnbrose & DeEds,
1946).

Mild renallesions were observed in DDD mice fed diets containing 200 mg/ kg citrinin
(Kanisawa, 1984). Degeneration oftubular epithelial cells and dilatation ofthe tubules were
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observed in kidneys of Sprague-Dawley rats fed 0.02 or 0.05% citrinin (Shinohara et al.,
1976).

Fischer rats fed diets containing 0.1% citrinin (99% pure) for 32 weeks showed focal
hyperplasia, marked dilatation of proximal convoluted tubules, colloid casts in the tubular
lu mina and interstitial fibrosis due to nephritis. Focal hyperplasia of renal tubular cells was
also observed (Arai & Hibino, 1983).

Repeated administration of citrinin induced nephrotoxic effects in rabbits (20 mg/ kg
per day intravenously for eight weeks; Ambrose & DeEds, 1946), dogs (20-40 mg/ kg per day
orally then intraperitoneally for five days; Carlton et al., 1974), pigs (20 mg/kg per day
oraUy for 70 days; FrIis et aL., 1969) and Wistar rats (14 mg/ kg daily orally for 15 days;
Krogh et aL., 1970). The nephrotoxic effect was characterized by enlarged kidneys,
degeneration of tubules with subsequent cortical fibrosis and functional irnpairment of
tubular activity.

Repeated administration of citrinin (six weekly intraperitoneal injections of 20 mg/ kg
bw) to Swiss mice caused generalized bone-marrow depression (Gupta et al., 1983).

Effects on reproduction and prenatal toxicity

Pregnant Swiss-Webster CD-I mice received single intraperitoneal injections of 10,20,
30 or 40 mg/ kg bw citrinin in propylene glycol on one of days 6-9 of gestation (five to eight
litters per treatment group). With 30 or 40 mg/kg, fetal weight gain was reduced (all
treatment days) and fetallethality increased (treatment days 6, 7 and 9); maternallethality
occurred occasionally. No increase in fetal abnormalities was observed (Hayes et al., 1974;
Hood et al., 1976).

Groups ofat least ten pregnant Sprague-Dawley CD-l rats received single subcutaneous
injections of 35 mg/ kg bw citrinin in 5% sodium bicarbonate on one of days 3- 15 of
gestation. One-third to one-half of the dams died, and rnost of the remainder had reduced
body-weight gain. AnimaIs exposed on days 8 or 10 produced only 70 or 75% live fetuses; the
other groups showed fewer resorptions. Fetal weight was reduced in all exposed groupso
Sorne minor fetal anomalies occurred in aU groups (Reddy et al., 1982a). (The Working
Group noted that only one dose was used, which was severely toxic to the rnothers.)

Groups of six to ten pregnant Sprague-Dawley rats received single subcutaneous
injections of 30 mg/ kg bw citrinin (from P. citrinum NRRL 1842) with or without 1.0
rng/kg bw ochratoxin A on one of gestation days 5-11 or 14. The one control group
consisted of ni ne animaIs. Darns given citrinin gained body weight normally. Combined
treatment on days 5-7 or 14 resulted in 22-40% maternallethality. Citrinin or ochratoxin A
given alone did not influence irnplantation, fetal weight or resorption rate. No significant
change in the incidence of anomalies occurred after treatment with either substance alone,
whereas in sorne groups the combination of citrinin with ochratoxin A increased the
occurrence of gross, soft-tissue and skeletal malforrnations (Mayura et al., 1984). (The
Working Group noted that only one dose level of citrinin was used.)
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Absorption, distribution, excretion and metabolism

Citrinin (25-50 mg/ kg) has been reported to be poorly absorbed from the gastro-
intestinal tract of rats and from the mouth of cats (Chu, 1946).

Thirty minutes after intravenous injection of 3 mg/ kg bw 14C-citrinin to Sprague-

Dawley rats, 15% and 6% of total radioactivity were observed in the liver and kidneys,
respectively; these were the sites of major accumulation. By 6 h, the amount had decreased
to 8% in the liver and 5% in the kidney. Two plasrna elimination rates were observed, with
half-lives of2.6 and 14.9 h, respectively; 74% ofthe radioactivity appeared in the urine in the
first 24 h; 4 and 11% we,re found in the faeces at 24 and 48 h, respectively (PhiUips et aL.,
1979).

Following subcutaneous injection on day 12 of gestation, 14C-citrinin crossed the
placenta in Charles River CD- 1 rats (Reddy et al., 1 982b).

After subcutanous administration of 35 mg/ kg bw 14C-citrinin to pregnant Charles
River CD-l rats on day 12 of gestation, biphasic elirnination frorn plasma was also observed,
with half-lives of 2 and 40 h, respectively. High-performance liquid chromatography of
maternaI plasma extracts revealed the presence of the parent compound and at least one
unidentified metabolite, which was more polar than the parent compound; at least two
unidentified metabolites were found in urine. Chromatograms of maternaI bile samples
suggested the presence of at least one metabolite, apart from the parent corn pound, whereas
fetal extracts contained only the parent compound (Reddy et al., 1 982b).

Mutagenicity and other short-term tests

ln the Bacilus subtils rec+j- citrinin was reported to give both positive (Ueno &
Kubota, 1976) and negative (Manabe et al., 1981) results when tested at 20 and 100 ¡.g/ dise,
and 10 and 100 ¡.g/ dise, respectively.

Citrinin was not mutagenic to Salmonella typhimurium T A1535, T A1537, T A1538,

T A98 or TAI 00, in the presence or absence of an exogenous metabolic systern when tested at
up to 400 ¡.g/plate (Engel & von Milczewski, 1976; Kuczuk et al., 1978; Ueno et al., 1978;
Wehner et al., 1978).

Concentrations ofup to 100 ¡.g citrinin per plate did not induce mitotic gene conversion
in Saccharomyces cerevisiae D3 in the presence or absence of an exogenous metabolic
system (Kuczuk et al., 1978).

Exposure of Drosophila melanogaster to aqueous solutions containing up to 8 X 10-2 M
citrinin did not induce mitotic recombination measured as sornatic mosaicism (Belitsky et
al., 1983). (The Working Group noted that this test has not been validated with known
mutagens (see Preamble).)

Concentrations ofup to 8 X 1O-4M citrinin did not induce unscheduled DNA synthesis in
primary cultures of hepatocytes from Wistar rats or in human embryonic hepatocytes in
vitro (Belitsky et aL., 1983).

ln Chinese harnster V79 cells in the presence of an exogenous rnetabolic system frorn rat
or hurnan liver, citrinin was effective in inducing chromos ornaI aberrations at the only
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concentration tested, 5 x 1O-4M. Sister chromatid exchanges were not detected (Thust &
Kneist, 1979).

(b) Humans

No data were available to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the W orking Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Citrinin is produced by various Penicillum and Aspergilus species that can contam-
inate foodstuffs, and has been found in sorne cereals and fruits and peanuts. Thus, hurnan
exposure can occur by ingestion of such contaminated products.

4.2 Experimental data

Citrinin was adequately tested for carcinogenicity in one experirnent in one strain of
male rats by oral administration in the diet; it produced renal tumours. ln another
experiment in rats, citrinin was administered in the diet after N-nitrosodimethylamine or
N-(3,5-dichlorophenyl)succinirnide; an increased incidence of renal tumours was observed
as compared to that in animaIs receiving N-nitrosodirnethylarnine or N-(3,5-dichloro-,
phenyl)succinimide alone.

ln rodents, embryotoxicity occurred after injection of rnaternally toxic doses of citrinin.

Both positive and negative results have been reported with citrinin in the Bacillus subtilis
rec assay; the compound was not mutagenic in Salmonella typhimurium in the presence or
absence of an exogenous metabolic system. It did not induce recombination in Saccharomyces
cerevisiae nor unscheduled DNA synthesis in mamrnalian cells in vitro. Chromosomal
aberrations but no sister chromatid exchanges were induced by citrinin in Chinese hamster
V79 cells in the presence of an exogenous rnetabolic system.

4.3 Human data

No case report or epiderniological study ofthe carcinogenicity of citrinin was available
to the W orking Group.
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Overall assessment of data from short-term tests: Citrinina

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes ? -
Fungi/ Green plants -
Insects

Mammalian ce Ils 

Un vitro) - ?

Mammals
Un vivo)

Humans
Un vivo)

Degree of evidence in short-term tests for genetic activity: Inadequate Cell transformation:
No data

OThe groups into which the table is divided and the symbols are defined on pp. 19-20 of the Preamble; the degrees of

evidence are defined on pp. 20-21.

4.4 Evaluationl

There is limited evidence for the carcinogenicity of citrinin to experimental anirnals.
No evaluation could be made of the carcinogenicity of citrinin to hurnans.
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PA TULIN

This substance was considered by a previous W orking Group, in October 1975 (IARC,
1976). Since that time, new data have become available, and these have been incorporated
into the monograph and taken into consideration in the present evaluation.

1. ehemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 149-29-1

Chem. Abstr. Name: 4-Hydroxy-4H-furo(3,2-c)pyran-2(6H)-one
iu P AC Systematic Name: 4-Hydroxy-4H-furo(3,2-c )pyran-2(6H)-one
Synonyms: Clairformin; clavacin; clavatin; claviformin; (2,4-dihydroxy-2H-pyran-3-
(6H)ylidene)acetic acid, 3,4-1actone; expansin; expansine; mycoin; rnycoin C; mycoin
C3; patuline; penicidin; terinin

1.2 Structural and molecular formulae and molecular weight

OHO~
~O~O

C7 H60 4 MoL. wt: 154.12

1.3 Chemical and physical properties of the pure substance

(a) Description: White, odourless crystalline solid (IUP AC, 1982); cornpact prisrns or

thick plates from ether or chloroform (Windholz, 1983; Weast, 1985)

(b) Melting-point: lOS-108°C, after drying for 1 h at 60°C (IUPAC, 1982); 11l°C
(Windholz, 1983; Weast, 1985)

-83-
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(c) Spectroscopy data: Ultraviolet, infrared, proton nuclear magnetic resonance

(IUP AC, 1982) and mass spectral data (IUP AC, 1982; ICIS Chemical Information
System, 1984 (MSSS)) have been reported.

(d) Solubility: Soluble in water, ethanol, diethyl ether, acetone, benzene and ethyl or

amyl acetate (Windholz, 1983; Weast, 1985)

(e) Stabilty: Unstable in alkali with loss of biological activity (Windholz, 1983)

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

The synthesis ofpatulin was first reported by Woodward and Singh (1949,1950) starting
with tetrahydro-y-pyrone.

The isolation and purification of patulin have been described by a number of
investigators. It was initially called claviformin, following its isolation from Penicilium
claviforme by Chain et al. (1942), and was later called patulin, following its isolation from P.
patulum by Birkinshaw et aL. (1943). The structure of patulin, however, was not established
until 1949 (Woodward & Singh, 1949). Patulin can be isolated from apple juice by ethyl
acetate extraction and silica gel column chromatography (Scott & Kennedy, 1973; Ware et
aL., 1974; Stray, 1978) and from potato-glucose broth inoculated with P. urticae by ethyl
acetate extraction and alumina column chromatography (Norstadt & McCalla, 1969).

Several investigators have studied the biosynthesis of patulin. Using 14C-Iabelled 6-

methylsalicylic acid as a precursor, Bu'Lock and Ryan (1958) and Tannenbaum and Bassett
(1959) demonstrated oxidative fission of the aromatic ring and rearrangement to produce
patulin. Scott et al. (1973) fed deuterated precursors to cultures of P. patulum to elucidate
further the metabolic conversion of 6-methylsalicylic acid to patulin. Two rnechanisrns

-dioxygenase-catalysed cleavage of meta-hydroxybenzaldehyde with subsequent rearrange-

ment, and dioxygenase-promoted cleavage of gentisaldehyde with subsequent reduction
and rearrangement - were proposed as the final steps in the forrnation of patulin. Zarnir
(1980) speculated that the latter pathway is rnore likely, since the enzyme that catalyses the
conversion of gentisaldehyde to patulin has been isolated.

Patulin is not currently available in bulk comrnercial quantities. It is available from
several US and European producers in srnall quantities for research purposes.

(b) Use

There is no current use for patulin, other than for experimental purposes. Two firrns
inc1ude purified patulin in an analytical reagent kit for use as a standard for mycotoxins
(Makor Chemicals Ltd, 1985; Sigma Chemical Co., 1985).
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Gye (1943) and Hopkins (1943) tested the clinical effectiveness of patulin as an antibiotic
for the treatment of the common cold. Although it reportedly has bacteriostatic activity
against various Gram-positive and Gram-negative bacteria (Hopkins, 1943), testing was
discontinued because of undesirable side-effects and lack of efficacy (Rodericks & Pohland,
1981; Pohland & Thorpe, 1982). Patulin was also used at one time as an antibiotic crearn for
topical application, but was found to cause dermal irritation (Rodericks & Pohland, 1981).

(c) Regulatory status and guidelines

The maximum tolerable level of patulin in foods is regulated in five countries (Belgium,
Norway, Sweden, Switzerland and the USSR) at 50 ¡ig/ kg or less (Schuller et al., 1982).

2.2 Occurrence

Patulin is one of several mycotoxins produced by certain fungi on fruit, grains and other
foods. The fungal species include Penicilium claviforme, P. chrysogenum, P. cyclopium, P.
divergens, P. equinum, P. expansum, P. griseofulvum, P. lapidosum, P. leucopus, P.
melinii, P. novaezielandiae, P. patulum, P. roqueforti, P. rugulosum, P. urticae, P.
variabile, Aspergilus clavatus, A. giganteus, A. terreus and Byssochlamys nivea (Pohland
et aL., 1970; Gorst-Allman & Steyn, 1979).

Patulin has been detected in numerous mouldy fruits, vegetables, cereals and anirnal
feeds. It has been found following natural infection or inoculation with Penicillum species
or Byssochlamys nivea in apples, peaches, pears, tomatoes, apricots, bananas, pineapples,
grapes, greengages, strawberries, honeydew melons, red and green paprika, cucumbers and
carrots. A number of other vegetables, including aubergines, cauliflower, celeriac,
courgettes, kohlrabi, horseradish, radish, red cabbage, onions and potatoes, did not support
the growth of patulin-producing moulds (Frank, 1977). Patulin is not detectable in sound
fruit with no apparent fungal contamination (Stray, 1978; Cerutti et aL., 1984).

The presence of fungi on food does not mean a priori that mycotoxins are being
produced. Mintzlaff et al. (1972) isolated Penicilium cultures from commercial European
mould-ripened sausages, which produced mycotoxins, including patulin, in culture but not
apparently during growth on the sausage. Patulin was detected in blue cheese starter broth
containing P. roqueforti but not in the final product (Engel & Prokopek, 1980). Although it
has been found in processed fruit and vegetable products, patulin was not found in
fermented products (e.g., apple wine, eider and fruit vinegar) (Woller & Majerus, 1982).

Levels of patulin measured in various natural and processed products are summarized in
Table 1.

2.3 Analysis

A number of analytical rnethods have been described for the isolation and detection of
patulin in apple juice and, after adaptation with appropriate clean-up procedures, for use on
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Table 1. Levels or patuliD round iD Datural aDd processed products

Sample Sampling Country No. of Percent Concentration Reference
period samples positive (¡.g/ g)

analysed sam pIes 

Apples USSR 30 7 0.021 -0.031 Dvali et al. (1985)

Apples (puree) 1976-1981 France 64 100 1-4.8 Jacquet et aL.

(1983)

Apples (rotten) 1978- 1 982 Federal 16 6.3 Woller &
Republic Majerus (l 982)

of Germany

Italy 0.2-1.6 Cerutti et aL.

(1984)

Portugal -30 67 0.8-100 Gimeno & Martins
(1983)

Apple juice 1980-1981 Federal 50 64 0.002-0.042 Geipel et al. (1981)
Republic
of Germany

1978- 1 982 Federal 172 17 0.024 W oller & Majerus
Republic (1982)
of Germany

1982 Federal 33 3 0.052 Bergner-Lang
Republic et al. (1983)
of Germany

Home-made 1976 Finland 20 40 0.03-16.4 Lindroth &
Commercial 24 0 Niskanen (1978)

Concentrate 71 21 0.05- 1.45

1976-1981 France 20 30 0.00 1 - 1.2 Jacquet et aL.

(1983)

1975- 1 980 German 609 94 ~0.4 Meyer (1982)
Democratie 74 ~O.I
Republic

Mexico 34 24 0.009-0.04 Guzmán-Robles
et aL. (I983)

Norway 140 -80 0.009-0.22 Stray (1978)

1975-1976 Sweden 66 44 0.005-0.054 J osefsson &
Andersson (1977)

USA I3 62 0.044-0.309 Ware et al. (1974)

USSR 47 17 0.054 Dvali et al. (1985)

Baby food 1976-1981 France 42 26 0.01-0.1 Jacquet et al.

(apples) (1983)
Beetroots 1980 Poland 20 60 0.012-3.7 Wisniewska

(fodder, mouldy) & Piskorska-.
Pliszczynska

(1982)
Bread (mouldy) Federal 21 24 0.1-0.3 Reiss (I972)

Republic
of Germany
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Table 1 (contd)

Sample Sampling Country No. of Percent Concentration Reference
period samples positive (¡.g/ g)

analysed sam pIes 

Finland 23 91 0.02-0.16 Tyllnen et al.
( 1977)

Cherry juice USSR 7 14 0.062 Dvali et al. (1985)
Mandarines USSR 17 12 0.032 Dvali et al. (1985)
Peach juice USSR 6 17 0.030 Dvali et al. (1985)
Pear juice 1982 Federal 4 25 0.024 Bergner-Lang

Republic et al. (1983)
of Germany

USSR 10 10 0.031 Dvali et aL. (1985)
Plum juice USSR 33 9 0.021-0.04 Dvali et al. (1985)
Rhubarb sauce 1978-1982 Federal 2 50 2.3 Woller & Majerus

Republic (1982)
of Germany

Silage 1976-1979 UK 451 2 Buckle (1983)

other substrates. These include high-performance liquid chrornatography (HPLC), reverse-
phase HPLC, gas chromatography (GC), GC combined with rnass spectrornetry (GC/ MS)
and thin-Iayer chromatography (TLC). Several reagents have been applied to TLC plates to
enhance visualization of sample spots and thereby increase sensitivity. The method of the
Association of OfficiaI Analytical Chemists for determination of patulin in apple juice
involves use of TLC (Stoloff & Scott, 1984), and that of the Federal Cornmission for the
Swiss Food Manual for juices and jelles includes use of HPLC (Eidgenössischen

Lebensmittelbuch-Kommission, 1984). Methods for the isolation and analysis of patulin
have been reviewed by Engel and Teuber (1984). Representative methods for the analysis of
patulin in various matrices are summarized in Table 2.

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

3.1 Carcinogenicity studies in animaIs

(a) Oral administration

Mouse: Two groups of 12 pregnant Swiss mice, weighing 28 g each, received by gavage
on days 14-20 of gestation two daily doses of 0 (control) or 2 mg/ kg bw patulin (98% pure by
gas chromatography and infrared spectroscopy) in distiled water containing 0.05% lactic
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Table 2. Methods for the analysis of patulin

Sample matrix Sample preparation Assay Limit of Reference
procedurea detection

Apple juice Ethyl acetate extraction; TLClMBTH/UV 20 J.g/l Scott (1982); Stoloff &
silica gel column dean-up Scott (1984)

Ethyl acetate extraction; GCl FID 700 J.g/l Pohland et al. (1970)

acetylation

Ethyl acetate extraction; GCl MS 0.2-5 J.g/ L Price (1979)

silylation

Ethyl acetate extraction; TLClGClMS 1 J.g/l Bergner-Lang et aL.

acetylation ( 1983)

Ethyl acetate extraction HPLCl UV Il J.g/ L Ware et aL. (1974)

Ethyl acetate extraction HPLCl UV 1-5 J.g/l Eidgenössischen Lebens-
mittel bu ch- Kommissio n

(1984)

Bread and rice Ethyl ether extraction TLClPH 1000 J.g/ kg Subramanian (1982)

Cheese Sodium chIo ride/ TLCl DEA 20 J.g/kg Siriwardana & Lafont
methanol, acetone (1979)
extraction

Food grain Acetonitrole extraction; HPLCl UV 5 J.g/ kg Hunt et aL. (1978)

silica gel column dean-up

Acetonitrile / water TLCl UV 400-1000 J.g/ kg Stoloff et al. (1971)

extraction

Ethyl acetate extraction; GCl EC 20 J.g/kg Fujimoto et aL. (1975)

silylation

a Abbreviations: TLC, thin-layer chromatography; MBTH, 3-methyl-2-benzothiazolinone; UV, ultraviolet detection; GC, gas

chromatography; FID, flame-ionization detection; MS, mass spectrometry; HPLC, high-performance liquid chromatography;
PH, phenylhydrazine; DEA, diethylamine; EC, electron capture detection

acid to avoid the possibility of partial decomposition of patulin. The dams and offspring
were observed throughout life. Of the dams, 2/ 12 controls and 5/11 of the effective treated
animaIs developed various malignant and benign turnours. ln the Fi generation, 22/40
control males and 23/54 control females, and 12/35 effective treated rnales and 18/41
effective treated females developed various malignant turnours; the tumour types did not
differ between control and treated groups of either sex (Osswald et al., 1978). (The W orking
Group noted the small number of animaIs used.)

Rat: Two groups of 50 fernale Sprague-Dawley rats, weighing 40 g each, received by
gavage twice weekly at 72-h intervals 0 or 1 mg/ kg bw patulin (purity, 98% by gas
chromatography and infrared spectroscopy) dissolved in distiled water containing 0.05%
lactic acid. After four weeks, the concentration of patulin was increased to 2.5 rng/ kg bw for
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the subsequent 60 weeks. Rats were observed for approximately 110 weeks. Both control
and treated animaIs developed various malignant neoplasrns (controls: 13 j 50; treated:
12j 50), but the tumour types did not differ in incidence between the groups (Osswald et al.,
1978). (The Working Group noted that only one dose was used.)

Groups of 70 male and 70 female Wistar rats, 28 days old, which were the offspring of
rats exposed by gavage to O. 1,0.5 or 1.5 mgj kg bw patulin (.95% pure by high-performance
liquid chromatography with ultraviolet detection) for four weeks before mating and
throughout mating, gestation and lactation, received thrice-weekly administrations of O. l,
0.5 or 1.5 mgj kg bw patulin by gavage for six, 12, 18 or 24 months. A group of 110 male and
110 female offspring served as controls. No difference in tumour incidence was described
(Becci et al., 1981). (The Working Group noted that specifie data on the incidence and types
of tumours in control and treated groups were not provided in the report.)

(b) Subcutaneous administration

Rat: Two groups of five male Wistar rats, weighing 100 g each, were given twice-weekly
subcutaneous injections of 0.2 mgjrat patulin (melting-point, 109-11 1°C; purity unspec-

ified) in 0.5 ml arachis oil for 61 and 64 weeks, respectively. ln the group treated for 61
weeks, all of four rats surviving at the appearance of the first tumour (58 weeks) developed
local sarcomas before 69 weeks; no tumour was observed at other sites. ln the second group,
two of four rats surviving at the appearance of the first tumour (62 weeks) developed local
sarcomas by 64 weeks (end of experiment). No local tumour occurred in 16 controls injected
with 0.5 ml arachis oil and surviving 54-107 weeks (Dickens & Jones, 1961). (The Working
Group noted the small number of animaIs used.)

3.2 Other relevant biological data

(a) Experimental systems

Taxie effects
The oral LD50 of patulin was reported to be 32.5 rngj kg bw in Sprague-Dawley rats and

170 mgj kg bw in White Leghorn cockerels (Dailey et al., 1977a). The 14-day LD50 for
patulin when dissolved in saline (pH 7.2) and administered intraperitoneally was 7.6 mgj kg
bw in ICR mice and 5.9 mgj kg bw in weanling Sprague-Dawley rats; when adrninistered by
gavage, the LD50s were 17 mgj kg bw and 108-118 mgjkg bw, respectively. The 14-day oral
LD50 in neonatal Sprague-Dawley rats was 6.8 mgj kg bw. No change in the intraperitoneal
LD50 of patulin was observed in mice pretreated with 3-methylcholanthrene, but pre-
treatment with a known inhibitor of cytochrome P450, SKF-525A, reduced the LD50 from
7.6 to 2.3 mgjkg bw. Following pretreatment ofmice with an intraperitoneal injection of75
mgj kg bw pentobarbital, the LD50 of patulin was 8.5 mgj kg bw (Hayes et aL., 1979).

Subcutaneous injection into mice of 1.25 rngj kg bw patulin twice daily produced
induration and tenderness at the site of injection within 1 h. Generalized subcutaneous
oedema was seen at an unspecified time. Injection of 0.5 mgj kg bw per day for IL days led to
the development of hard patches and adhesions at the injection site during a subsequent
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seven days' observation. Doses of 2.0-10.0 mg/ kg bw patulin produced subcutaneous
necrosis and inflammation within one to two days in guinea-pigs (Broom et al., 1944).

Administration of patulin (4 mg/kg) in the diet for six weeks to male Fischer 344 rats
significantly increased the nurnber of hyperplastic liver nodules induced by partial
hepatectomy at week 1 and subsequent (weeks 7-9) exposure to 2-acetylaminof1uorene in
the diet in combination with a single intragastric dose of carbon tetrachloride (Irnaida et al.,
1982).

Patulin non-competitively inhibited the activity of rabbit muscle aldolase (Ki = 1.3 x
10-5 M) and competitively inhibited the activity of lactic dehydrogenase (Ki = 6.2 x 10-6 M)
in vitro (Ashoor & Chu, 1973a,b).

Effects on reproduction and prenatal toxicity
Male and female S prague- Da wley rats were administered 1.5 mg/ kg bw patulin (98.7%

pure) in 1 mM aqueous citrate buffer by gavage on five days per week for at least seven weeks
before mating. During gestation, females (30 per group) were treated on seven days per
week. At this dose, no sign of maternaI toxicity was seen and no treatrnent-related
teratogenicity was observed. Owing to severe maternaI and embryotoxicity, higher doses
could not be tested (Dailey et al., 1977a).

Groups of 15 and ten pregnant female CD-l rats were administered 1.5 and 2.0 mg/ kg
bw patulin (purity unspecified), respectively, intraperitoneally from days 5-16 of gestation.
At the low dose, there was a reduction in fetal weight; at the high dose, all implanted
embryos were resorbed (Reddy et al., 1978). (The W orking Group noted that no
information on maternaI toxicity was given.)

Absorption, distribution, excretion and metabolism
Adult male and female Sprague-Dawley rats were given a single oral dose of 14C-patulin;

approximately 49% of the radioactivity was excreted in the faeces and 36% in the urine
within seven days, and 1 -2% was recovered as 14COi from expired air. Radioactivity was
measured throughout the seven-day period in various tissues and organs; the most
significant retention site was red-blood cells (Dailey et al., 1 977b).

Mutagenicity and other short-term tests
Patulin (20 and 100 ¡.g/ plate) was mutagenic in the Bacilus subtils rec+/- assay (Ueno

& Kubota, 1976; Manabe et aL., 1981) but not in the Escherichia colipolA+/- assay in a plate
test (3-50 ¡.g/ dise) or liquid incubation assay (1-10 ¡.g/ rnl) (Lindroth & von Wright, 1978).

Patulin was not mutagenic to Salmonella typhimurium TA1535, TA1537, TA1538,
T A98 or TA 100 when tested at up to 250 j.g/ plate, in the presence or absence of an
exogenous metabolic system (Engel & von Milczewski, 1976; Kuczuk et al., 1978; Ueno et
al., 1978; Wehner et al., 1978; von Wright & Lindroth, 1978).

ln host-mediated assays, a single oral adrninistration of 10 or 20 mg/ kg bw patulin, or
three intramuscular injections of 0.5 mg patulin cornbined with intraperitoneal adminis-
tration of S. typhimurium TA1950, TA1951 or hisG46 to mice did not induce rnutagenic
activity (Gabridge & Legator, 1969; von Wright & Lindroth, 1978).
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Concentrations of 50 or 100 ¡.g patulin, in the presence or absence of an exogenous
metabolic system, did not induce mitotic recombination in a diploid strain of Saccharomyces
cerevisiae (Kuczuk et aL., 1978). ln a haploid strain of S. cerevisiae, doses of 20-70 ¡.g/ ml
patulin increased the frequency of cytoplasmic petite mutants (Mayer & Legator, 1969).

A small but significant increase in the incidence of somatic mosaicism was reported in
Drosophila melanogaster administered 3.2 x 10-3 M patulin, but not with doses of 4 x 10-4 or
3.2 x 10-2 M (Belitsky et aL., 1983). (The Working Group noted that this test system is not
validated (see Preamble).)

Patulin induced single- and double-strand breaks in DNA of HeLa ce Ils (Umeda et al.,
1972). Concentrations of up to 6 X 10-4 M patulin did not induce unscheduled DNA
synthesis in primary hepatocytes from rats or mice (Mori et al., 1984) nor in cultured rat
liver or human embryonic liver cells tested with up to 1.6 x 10-3 M (Belitsky et al., 1983).

It was reported in an abstract that 0.5-2 ¡.g/ ml patulin increased the incidence of sister
chromatid exchanges in primary cultures of Chinese harnster cells (Kubiak & Kosz-
Vnenchak, 1983). The incidence of sis ter chromatid exchanges was also increased in hurnan
lymphocytes treated with O. 1 and 0.2 ¡.g/ ml patulin (Cooray et al., 1982), but not in Chinese
hamster V79 cells treated with up to 10-5 M patulin, in the presence or absence of an
exogenous metabolic system. Chromosomal aberrations were induced by 2.5 x 10-6 M
patulin only in the absence of an exogenous metabolic systern (Thust et al., 1982). Patulin
(3.5 x 10-6 M) induced chromosomal aberrations in cultured human peripheralleucocytes
(Withers, 1966).

Patulin induced mutations to 8-azaguanine resistance and chromos omal aberrations in
cultured CH3 mouse mammary carcinoma cells (U rneda et al., 1977). (The W orking Group
noted the inadequate experimental design.)

Oral administration of two doses of up to 20 rng/ kg bw patulin did not induce sister
chromatid exchanges in the bone-marrow cells of Chinese harnsters, but 10 and 20 mg/ kg
bw significantly increased the incidence of chromosomal aberrations (Korte et al., 1979;
Korte, 1980; Korte & Rückert, 1980).

Administration of 1.5, 7.5 or 15 mg/ kg bw patulin to male rats by gavage on five days per
week for 10 or 11 weeks, followed by mating for three successive weeks, did not induce
dominant lethal mutations (Dailey et al., 1977a); negative results were also obtained in rnice
receiving a single intraperitoneal injection ofup to 3 rng/ kg bw patulin and rnated for eight
successive weeks (Epstein et al., 1972; Reddy et al., 1978).

(b) Humans

No data were available to the W orking Group.

3.3 Case reports and epidemiological studies or carcinogenicity to humans

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

4.1 Exposure data

Patulin is produced by various Penicilium, Aspergilus and Byssochlamys fungi that
can contaminate many common fruits and sorne vegetables. Human exposure rnay occur if
these contaminated foods are consumed.

4.2 Experimental data

Patulin was tested for carcinogenicity in one experiment in mice and in two experiments
in two strains of rats by oral administration. The study in rnice and one of the studies in rats
involved treatment of pregnant dams and the continued treatment of offspring of the Fi
generation. ln one study, subcutaneous injection ofpatulin produced local sarcornas in rats.
The studies were considered to be inadequate for evaluation.

No adequate data were available to evaluate the reproductive effects or prenatal toxicity
of patulin to experimental animaIs.

Patulin induced DNA damage in Bacilus subtils, but not in Escherichia coli. It was not
mutagenic to Salmonella typhimurium. Patulin induced petite rnutants but not mitotic
recombination in Saccharomyces cerevisiae. The compound induced DNA strand breaks in
HeLa cells, but not unscheduled DNA synthesis in cultured marnrnalian cells. It induced
sister chromatid exchanges in cultured mammalian cells. Patulin induced chromos omal
aberrations but not sister chromatid exchanges in the bone-rnarrow cells of Chinese
hamsters treated in vivo. It did not induce dominant lethal mutations in rats or rnice.

Overall assessment of data from short-term tests: PatulIna

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes ? -

Fungij Green plants ?

Insects

Mammalian cells
(in vitro) ? +

Mammals
(in vivo) ?

H umans

(in vivo)

Degree of evidence in short-term tests for genetic activity: Inadequate Cell transformation:
No data

OThe groups into which the table is divided and the syrnbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.
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4.3 Human data

No case report or epidemiological study of the carcinogenicity of patulin was available
to the W orking Group.

4.4 Evaluation!

There is inadequate evidence for the carcinogenicity of patulin in experirnental anirnals.
No evaluation could be made of the carcinogenicity of patulin to humans.
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RUGULOSIN

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 23537-16-8

Chem. Abstr. Name: Rugulosin
IUP AC Systematic Name: (5aS,6R,l3aS,14R,1 7 S,18R, 19R,20S)-1 ,7,9, 15,1 7,20-Hexa-
hydroxy-3,1 1 -dimethyl-5H,6H-6, 1 3a,5a, 14-( 1 ,2,3,4)butanetetraylcyc100cta( 1 ,2-b:5,6-
b1dinaphthalene-5,8, 13, 16(14H)-tetrone

Synonyms: 1,7,9,15,1 7,20-Hexahydroxy-3,1 I-dimethyl-5H,6H-6,13a,5a,14-(1 ,2,3,4 )-
butanetetraylcycloocta( 1 ,2-b:5,6-b')dinaphthalene-5,8, 1 3, 1 6( 14H)-tetrone; (5aS-
(5aR* ,6S*, l3aR*, 14S*, 1 7 R*, 18S*, 19S* ,20R*))-I, 7 ,9,15,1 7,20-hexahydroxy-3, 11-
dimethyl-5H,6H-6, 1 3a,5a, 14-( 1 ,2,3,4)butanetetraylcycloocta(1 ,2-b:5,6-b')dinaphtha-
lene-5,8, 1 3, 1 6( 1 4H)-tetrone

1.2 Structural and molecular formulae and molecular weight

OH o

H3C

CH3

C30HiiOio MoL. wt: 542.50

-99-
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1.3 Chemical and physical properties of the pure substance

(a) Description: With retention of solvent of crystallization: large dull-yellow cubes
(ethanol), bright yellow blunt-ended prisms and rods (ether or acetone), yellow
rosettes of elongated prisms (rnethanol) (Breen et al., 1955); fine pale-yellow
needles (rnethanol) or rods (acetone) (U eno et aL., 1971); without solvent of

crystallization: yellow powder (Breen et al., 1955)

(b) Melting-point: ~ 290°C (decomposition) (Breen et al., 1955; Shibata et aL., 1968)

(c) Spectroscopy data: Ultraviolet, infrared, proton nuclear magne tic resonance

(Pham Van Chuong et aL., 1973; Bouhet et al., 1976), C-13 nuclear magnetic
resonance (Toma et al., 1975) and mass spectral data and circular dichroism
(Bouhet et al., 1976) have been reported.

(d) Solubilty: Soluble in acetone, dioxane, pyridine, ethyl acetate, glacial acetic acid
and aqueous alkalis, including sodium bicarbonate and ammonia; rnoderately
soluble in methanol, ethanol, diethyl ether, chloroform, butanol and benzene;
alrnost insoluble in light petroleurn and water (Breen et aL., 1955); soluble in
dimethyl sulphoxide and tetrahydrofuran (Bouhet et al., 1976)

(e) Optical rotation: aIl +466° (0.5% in dioxane) (Ueno et al., 1971)

(j Stability: Hygroscopic and light-sensitive; readily loses solvent of crystallzation on
exposure to air, vacuum or dessication (Breen et al., 1955; Bouhet et al., 1976)

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Breen et al. (1955) described the isolation of a substance they named rugulosin frorn
Penicilium rugulosum Thom. Crude, crystalline rugulosin was obtained by ether extraction
of the dried, defatted rnyceliurn from P. rugulosum; additional washing and crystallzation
procedures were used to purify the crude product. Rugulosin was also isolated from a strain
of Penicilium wortmanni Klöcker, using sirnilar techniques (Breen et al., 1955). Acidifi-
cation of the myceliurn prior to diethyl ether and acetone extraction has been reported to
increase yields significantly (Bouhet et al., 1976).

Rugulosin is not produced in commercial or bulk quantities.

(b) Use

Rugulosin is not known to be used commercially. It has been reported to have
antibacterial and antifungal activity (Breen et aL., 1955; Ueno et al., 1971).
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2.2 Occurrence

Rugulosin, a yellow fungal pigrnent, is synthesized by Penicilia that can contarninate
rice, maize and other cereal grains. It has been detected in cultures of Penicilium rugulosum
Thom, and also in cultures of P. brunneum, P. wortmanni, P. tardum, P. variabile,
Sepedonium ampullosporum, in various species of Endothia and a lichen, Acroscyphus
sphaerophoroides (Breen et al., 1955; Takeda et al., 1973; Bouhet et al., 1976; Roane &
Stipes, 1978; Sankawa et al., 1978; Stark et al., 1978). The rnycelium of P. rugulosum may
contain as much as 5% (dry weight) rugulosin (Bouhet et al., 1976).

2.3 Analysis

Rugulosin has been separated from other rnycotoxins by column chromatography on
silica gel and further purified and identified by thin-layer chromatography. The lowest level
detected in grains using this method is 0.1 ¡.gj g (Takeda et al., 1979).

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

3.1 Carcinogenicity studies in animais

Oral administration

Mouse: A group of 30 male DDD rnice, seven weeks old, was fed a diet containing 1.5
mgj mouse per day (+)-rugulosin (~98% pure) for 22 days followed by basal diet for 692
days. A control group of ni ne mice received basal diet only for 715 days. Between days 21 -42,
16 rugulosin-treated mice died; histopathology revealed liver lesions characterized by fatty
degeneration, necrosis and nuclear darnage of liver cells. Average survival in controls was
412:t 133 days and that in treated mice 252 + 268 days. Among 14 treated survivors, one
rnouse had a well-differentiated hepatocellular carcinoma at 481 days and another a
lymphocytic leukaemia at 688 days. One control rnouse developed a lung adenoma at 652
days (Ueno et al., 1980). (The Working Group noted the small number of animaIs used and
the incomplete reporting of the results.)

Groups of 14-16 male ddYS mice, seven weeks old, were fed diets containing 0,0.30 or
0.75 rngjmouse per day (+)-rugulosin (?98% pure) for over800 days. Average survival was
approximately 580 days. ln the high-dose group, 4j 16 developed hyperlastic nodules in the
liver (days 542, 664, 726 and 833), and one had a hepatocellular adenorna (day 540). One
mouse in the control group developed leukaernia (day 477) (Ueno et al., 1980). (The
W orking Group noted the srnall number of anirnals used and the incomplete reporting of the
results. )
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3.2 Other relevant biological data

(a) Experimental systems

Taxie effects

A single oral dose of 4 g/kg (+)-rugulosin caused no fatality in mice (Sato et al., 1977).
Intraperitoneal LDso values (with olive oil as the solvent) were 55 mg/ kg bw in rnice and 44
mg/ kg bw in rats (Ueno et al., 1971).

F ollowing intraperitoneal administration of (+ )-rugulosin to rnice and rats, diffuse fatty
degeneration ofparenchymal ce Ils and centrilobular liver-cell necrosis were observed (Ueno
et al., 1971). Subcutaneous administration of (+)-rugulosin daily for three days to mice
resulted in elevation of serum transaminase levels (Sato et aL., 1977). Exposure of male mice
to (+)-rugulosin in the diet (1.5 rng/ mouse per day for 22 days or 0.30,0.75 mg/ mouse per
day for over 800 days) induced liver injury and weight loss (Ueno et al., 1980).

Administration of (+)-rugulosin (100 mg/ kg) in the diet for six weeks to male Fischer
344 rats increased by three fold the number of hyperplastic liver nodules induced by partial
hepatectomy at week 1 and subsequent (weeks 7-9) exposure to 2-acetylaminofluorene in
the diet in combination with a single intragastric dose of carbon tetrachloride (Imaida et al.,
1982).

Ribonucleic acid polymerase of rat liver and Escherichia coli and nuclear ribonuclease H
of rat liver and Tetrahymena pyriformis were strongly inhibited by (+ )-rugulosin (Tashiro et
aL., 1979).

Effects on reproduction and prenatal toxicity
No data were available to the W orking Group.

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

Mutagenicity and other short-term tests

(+)-Rugulosin gave positive results in the Bacilus subtils rec+/-assay(Ueno & Kubota,
1976).

(+)-Rugulosin (at concentrations up to 100 j.g/ plate) was not mutagenic to Salmonella
typhimurium TA98, TA100 or TA2637, in the presence or absence of an exogenous
metabolic system (S9), with or without preincubation (Stark et aL., 1978; Ueno et al., 1978;
Mori et aL., 1983; Tikkanen et aL., 1983). However, a weak mutagenic response was reported
in S. typhimurium TM677 in a forward mutation assay, in a spot test and in a prolonged
suspension test (Stark et al., 1978). (+)-Rugulosin was not mutagenic to Escherichia coli
WP2 uvr A or WP2 uvr A/ pKM 101 at concentrations of 0.0 1 - 1 00 j.g/ plate, in the presence
or absence of Aroclor- or 5,6-benzoflavone-induced rat or harnster S9 (Tikkanen et aL.,
1983).

(+)-Rugulosin induced cytoplasmic petite mutations in Saccharomyces cerevisiae(Ueno
& Nakajirna, 1974).
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It did not induce unscheduled DNA synthesis in primary cultured hepatocytes of mice
and rats when tested at concentrations ofup to 1O-4M (Mori et al., 1983, 1984), or in cultured
human fibroblasts when tested at concentrations of up to 1O-2M (San & Stich, 1975).

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

3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Rugulosin is a mycotoxin produced by certain fungal species that can contarninate
cereal grains. Hurnan exposure may occur by the ingestion of contaminated grain products.

4.2 Experimental data

Rugulosin was tested for carcinogenicity in two experiments in male mice by oral
administration in the diet. Both experiments were considered to be inadequate for
evaluation.

No data were available to evaluate the reproductive effects or prenatal toxicity of
rugulosin.

Rugulosin induced DNA damage in Bacilus subtils. It did not induce reverse mutations
in Salmonella typhimurium but was reported to induce forward mutations. It did not induce
rnutations in Escherichia coli. It induced cytoplasmic petite mutations in yeast. Rugulosin
did not induce unscheduled DNA synthesis in marnmalian cells in vitro.

4.3 "uman data

No case report or epidemiological study of the carcinogenicity of rugulosin was available
to the Working Group.

4.4 Evaluationl

There is inadequate evidence for the carcinogenicity of rugulosin in experirnental
animaIs.

No evaluation could be made of the carcinogenicity of rugulosin to humans.

IFor definition of the italicized term, see Preamble, p. 18.
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Overall assessment of data from short-term tests: Rugulosina

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes + ?

Fungij Green plants +

Insects

Mammalian cells
(in vitro)

-
Mammals
(in vivo)

Rumans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Limited Cell transformation:
No data

OThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the degrees of

evidence are defined on pp. 20-21.
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BENZYL AeETATE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 140-11-4

Chem. Abstr. Name: Acetic acid, phenylmethyl ester
IUPAC Systematic Name: Benzyl acetate
Synonyms: Acetic acid, benzyl ester; (acetoxymethyl)benzene; a-acetoxytoluene;
benzyl ethanoate; phenylmethyl acetate

i.2 Structural and molecular formulae and molecular weight

CHi -O-C-CH3

(g A
C9Hio02 MoL. wt: 150.18

1.3 Chemical and physical properties of the pure substance

(a) Description: Colourless liquid with ajasrnine-like odour (PPF N orda, 1980); liquid

with a pear-like odour (Windholz, 1983)

(b) Ba ilng-point: 215.5°C (Weast, 1985)

(c) M elting-point: -51 .3°C (Weast, 1985)

(d) Density: d~O 1.0550 (Weast, 1985)

- 109-
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(e) Spectroscopy data: Ultraviolet (Sadtler Research Laboratories, 1980 (260a)),
infrared (Sadtler Research Laboratories, 1980, prism (859), grating(167); Pouchert,
1981 (1018cb); ICIS Chemical Information System (IRSS), 1984), proton nuclear

magnetic resonance (Sadtler Research Laboratories, 1980 (1022, V530); Pouchert,

1983 (269A)), C-13 nuclear magne tic resonance (Sadtler Research Laboratories,
1980 (138); ICIS Chemical Information Systern (CNMR), 1984) and mass spectral
data (ICIS Chemical Information System (MSSS), 1984) have been reported.

(f Sa lub ility: Slightly soluble in water (Hawley, 1981); soluble in diethyl ether and
acetone; very soluble in ethanol (Weast, 1985)

(g) V olatility: Vapour pressure, 1 mm Hg at 45°C; relative vapour density (air = 1),5.1

(Sax, 1984)

(h) Stabilty: Flash-point, 102°C (closed-cup) (Hawley, 1981; Windholz, 1983)

(i) Octanol water/partition coefficient (P): log P, 1.96 (Hansch & Leo, 1979; ICIS
Chemical Information System (ISHOW, ENVIROFATE), 1984)

(j) Conversionfactor in air: mgjm3 = 6.14 x ppmc

1.4 Technical products and impurities

The Food Chemicals Codex (National Research Council, 1981) specifies that food grade
benzyl acetate must have a purity of at least 98% with an acid value of not more than 1.0. The
product should also be free of chlorinated compounds. One firm based in France and the
USA offers four grades of benzyl acetate, differentiated by their odour quality, with the
same food-grade specifications as the Food Chemicals Codex (Givaudan, 1979). Benzyl
alcohol has been detected as an impurity in food-grade benzyl acetate (National Toxicology
Pro gram, 1986).

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Hennis et al. (1967) reported the preparation of benzyl acetate from sodiurn acetate,
benzyl chloride and triethylamine catalyst. Other previously reported synthetic methods

°Spectrum number in Sadtler compilation
bSpectrum number in Pouchert compilation

cCaIculated from: mg/ m3 = (molecular weight/ 24.45) X ppm, assuming standard tempe rature (25°C) and pressure (760 mm Hg)
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include the acetylation of benzyl alcohol or the reaction of benzaldehyde and acetic acid
with zinc dust (Furia & Bellanca, 1975).

Benzyl acetate is currently available in commercial quantities from four major producers
(US International Trade Commission, 1983) and a number of srnaller producers in the USA.
The US International Trade Commission (1981) reported the production of 640 thousand
kg of benzyl acetate in the USA in 1980 and 700 thousand kg in 1977 (US International
Trade Commission, 1978). US imports in 1983 were 436 thousand kg (US International
Trade Commission, 1984).

Five producers of benzyl acetate were identified in France, five in the UK, four in Spain,'
and one each in The Netherlands and in the Federal Republic of Germany. It is also made
available by 12 producers in Japan (The Chemical Daily Co., 1980).

(h) Use

Benzyl acetate has been in commercial use since the 1900s, primarily as a flavouring
ingredient and a component of perfumes (Opdyke, 1973). For use as a flavouring
component, benzyl acetate is formulated in a nurnber of imitation flavours, such as apple,
apricot, banana, cherry, peach, pear, plum, pineapple, Quince, raspberry and strawberry
(PPF Norda, 1980). As a food additive, it has been reported to be used in nonalcoholic
beverages, ice cream, ices, sweets, baked goods, gela tins, puddings and chewing-gum (Furia
& Bellanca, 1975).

Benzyl acetate is widely used as a fragrance for soaps because of its jasmine-like odour. It
may be present in 30-40% of aIllaundry detergents, soaps and incense fragrances (Anon.,
1983).

Benzyl acetate has also been used, to a lesser degree, as a solvent for cellulose acetate,
cellulose nitrate and natural and synthetic resins. It may be used as a cornponent of oils,
lacquers, polishes, printing inks and varnish rernovers (Hawley, 1981).

(c) Regulatory status and guidelines

The US Food and Drug Administration (1984) specifies that benzyl acetate may be used
safely as a synthetic flavouring substance for food. The Joint FAO/WHO Expert
Committee on Food Additives recommended in 1967 that the average daily intake (ADI) of
benzyl acetate in humans be limited to 0-5 mg/ kg body weight as total benzoic acid from aIl
food additive sources (WHO, 1968). ln 1983, this Comrnittee changed the ADI to a
temporary status at the same level (WHO, 1983), and the status was extended in 1985
(WHO, 1986).

Exposure limits for workplace concentrations of benzyl acetate in air have been set at 94
mg/ m3 by the Council of Europe and at 50 mg/ m3 (average) and 100 mg/ rn3 (maxirnurn) in
Romania (International Labour Office, 1980).



112 IARC MONOGRAPHS VOLUME 40

2.2 Occurrence

(a) Naturaloccurrence

Examples of natural products in which benzyl acetateoccurs are presented in Table 1. It
is found in a variety of plants and fruits and is a main constituent of a number of essential
oils and flower absolutes, including Jasminium grandiforum L. (jasmine), Hyacinthus
orientalis (hyacinth), Gardenia jasminoides (gardenia), Polianthes tuberosa (tuberose),

Table 1. Occurrence of benzyl acetate In natural products

Source Sample Concentration in Reference
sample

Jasmine (Jasminium grandiforum L.) Jasmine absolute 10.7% French oil Verzele et aL. (1981)
25.1 % Italian oil
8.5% Algerian oil

Alfalfa (Medicago sativa L.) Essential oil 2% Kami (1983)

Bael fruit (fruit of Aegle marmelos) Aroma concen- -5% Tokitomo et aL. (1982)
trate

Fruit of cherimoya (Annona cherimolia Pulp extract ~lO Mg/kg pulp Idstein et aL. (1984)

Mil.)

Ylang-ylang (Cananga odorata) Essential oil 26.2% Ross (1978)

Passion fruit Volatiles Chen et aL. (1982)
Purple from pulp juice 0.06 mg/ kg pulp
Yellow 0.06 mg/ kg pulp
Hybrid O.LO mg/kg pulp

Mushroom (Agaricus subrufecens) Volatile extract 0.3% Chen & Wu (1984)

Clover - red, alsike, white Flower extract Trace Honkanen et aL.

(1969)

Jasmine tea Aroma concentrate Predominant compo- Yamanishi (1978)
nent (not otherwise

quantified)

Quince (Cydonia vulgaris) Volatile extract Minor component Schreyen et aL. (1979)

(not otherwise

quantified)

Apples and apple products Aroma concentrate Present Pudil et aL. (1983)

Muscadine grapes (Vitis rotundifolia) Volatile extract Present Welch et aL. (1982)
Oil extract Present Horvat & Senter

(1984)

Grenache grapes (Vitis vinifera L.) Oil extract from Present Stevens et aL. (1967)
jUiCe

Kogyoku apples Juice and peel Present Yajima et aL. (1984)
extracts
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Cananga odorata (ylang-ylang) and Citrus aurantium (neroli) (Furia & Bellanca, 1975).
Concentrations are highest in essential oil extracts and are generally very low in juice and
pulp extracts of the fruit.

(b) Food and beverages

Benzyl acetate is considered one of the most important volatile components for
enhancing fruit flavours (Ahmed, 1981). It is reported to occur at a concentration of 4750
mg/ kg as a constituent of imitation jasmine flavouring mixtures for food (Merory, 1968).
Approximate concentrations of benzyl acetate in various foods have been reported as
follows: chewing-gum, 760 mg/ kg; sweets, 34 mg/ kg; puddings and gelatins, 23 mg/ kg;
baked goods, 22 mg/kg; ice cream, 14 mg/kg; nonalcoholic beverages, 7.8 mg/kg (Furia &
Bellanca, 1975).

(c) Consumer products

U suaI and maximal percentages of benzyl acetate in various commercial products have
been reported to be as follows: soap, 0.05 and 0.36%; detergent, 0.005 and 0.036%; creams
and lotions, 0.015 and 0.15%; and perfume, 0.54 and 3.0%, respectively (Opdyke, 1973). A
typical formulated fragrance used in the manufacture of these products contained 30%
benzyl acetate by weight (James, 1975).

2.3 Analysis

Gas chromatography with flame ionization detection or mass spectrometry has been
used to analyse for benzyl acetate in volatile mixtures (Habboush & AI-Rubaie, 1978; Korte,
1981; Healey & Carnevale, 1984; Horvat & Senter, 1984). Combined gas chrornatography / rnass
spectrometry has also been used to detect benzyl acetate at trace levels in mouse urine
(Miyashita & Robinson, 1980).

Leahy and Reineccius (1984) compared various rnethods for the sampling of volatiles in

foods and found that headspace concentration (Tenax adsorbent) and solvent extraction
(dichloromethane) techniques were most effective for sampling benzyl acetate. Junk et al.
(1974) developed a procedure for the extraction of trace irnpurities, including benzyl
acetate, from water at levels of 10- 100 ¡.g/l using XAD-2, a macroreticular low polarity
resin.

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

3.1 Carcinogenicity studies in animais

Oral administration

Mouse: Groups of 50 male and 50 female B6C3F¡ mice, eight weeks old, received 0
(vehicle controls), 500 (low dose) or 1000 (high dose) mg/ kg bw benzyl acetate (:?99% pure;
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benzyl alcohol and two to three unidentified impurities were found in the two lots used) Ín
corn oil by gavage on five days per week for 103 weeks. Surviving animaIs were killed at
104-106 weeks, at which time 38/50 (76%),33/50 (66%) and 39/50 (78%) males and 15/50
(30%), 18/50 (36%) and 30/50 (60%) females were still alive in the control, low- and
high-dose groups, respectively. At 87 weeks, more than 50% of all female mice were still alive

(control: 28/50, 56%; low-dose: 29/50, 58%; high-dose: 36/50, 72%). An infection in the
genital tract was probably responsible for the death of 26/ 35 control, 14/32 low-dose and
8/20 high-dose females that died before the end of the study. A significant dose-related
increase in the incidence ofhepatocellular adenomas was observed in thetreated mice: males
- control, 0/50; low-dose 5/49 (13%, age-adjusted); high-dose, 13/50 (33%, age-adjusted);

p -: 0.001; females - control, 0/50; low-dose, 0/50; high-dose, 6/50 (17%, age-adjusted);

incidental tumour test for trend, p = 0.002. The incidence of hepatocellular carcinomas was:
males - control, 10/50 (24%, age-adjusted); low-dose, 14/49 (36%, age-adjusted); and

high-dose, 12/50 (26%, age-adjusted); fernales - control, 1/50 (7%, age-adjusted); low-

dose, 0/50; and high-dose, 4/50 (13%, age-adjusted); no statistically significant difference
was observed. The incidence of adenomas and carcinomas of the liver combined showed a
significant positive trend in animaIs of each sex and was significantly (p -: 0.02) increased in
each sex in the high-dose groups compared to controls: males - control, 10/50 (24%,

age-adjusted); low-dose, 18/49 (45%, age-adjusted); high-dose, 23/50 (50%, age-adjusted);
females - control, 1/50 (7%, age-adjusted); low-dose, 0/50; high-dose, 10/50 (29%, age-

adjusted). Incidences of hepatocellular adenomas in high-dose animaIs of each sex were also
increased in comparison to historical vehicle controls: males - adenomas, 140/1091;
carcinomas, 238/1091; combined, 357/1091; females - adenornas, 41/1092; carcinomas,

34/1092; combined, 74/1092. An increased (p oe 0.04) incidence of squamous-cell
papilomas of the forestomach was observed in males: control, 3/49 (8%, age-adjusted);
low-dose, 3/48 (9%, age-adjusted); high-dose, 9/49 (23%, age-adjusted); and in females:
control, 0/50; low-dose, 0/50; high-dose, 4/48 (13%, age-adjusted; p = 0.054). The
incidences of forestomach carcinomas in males were 1/49, 1/48 and 2/49 in the three
groups, respectively; no such tumour was observed in females. The combined incidence of
squamous-cell papilomas and carcinomas ofthe forestomach was increased (p -: 0.05) with
dose in males: control, 4/49 (10%, age-adjusted); low-dose, 4/48 (11%, age-adjusted);

high-dose, 11/49 (28%, age-adjusted) (Abdo et al., 1985; National Toxicology Prograrn,
1986).

Rat: Groups of 50 male and 50 female Fischer 344 rats, seven weeks old, received 0
(vehicle controls), 250 (low dose) or 500 (high dose) mg/ kg bw benzyl acetate (:?99% pure;
benzyl alcohol and two to three unidentified impurities were found in the two lots used) in
corn oil by gavage on five days per week for 103 weeks. Survival rates at the end ofthe study

(104-107 weeks) were 38/50 (76%), 46/50 (92%) and 40/50 (80%) rnales and 40/50 (80%),
36/50 (72%) and 36/50 (72%) females in the control, low- and high-dose groups,
respectively. A significant increase (incidental tumour test for trend, p = 0.001) in the
incidence of acinar-cell adenomas of the pancreas was found in low-dose (27/50; 59%,
age-adjusted) and high-dose (37/49; 82%, age-adjusted) males in comparison to vehicle
controls (22/50; 54%, age-adjusted). Multiple adenornas of the pancreas occurred more
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frequently in high-dose male rats (control, 10/50, 20%; low-dose, 12/50, 24%; high-dose,
22/49, 45%). No pancreatic tumour was found in female rats. (These incidences were
calculated on the basis of seriaI sections of the entire pancreas.) Preputial-gland

cystadenocarcinomas, adenocarcinomas or adenocarcinomas plus carcinomas occurred
with a positive trend (p ~ 0.05) in male rats: cystadenocarcinorna - control, 0/50; low-dose,
0/50; high-dose, 3/50 (7.5%, age-adjusted); adenocarcinoma - control, 0/50; low-dose,
1/50 (2%, age-adjusted); high-dose, 4/50 (10%, age-adjusted); adenocarcinoma and carci-
noma combined - control, 1/50 (3%, age-adjusted); low-dose, 1/50 (2%, age-adjusted);
high-dose, 6/50 (14%, age-adjusted). The combined incidence of preputial-gland adenoma,
adenocarcinoma and carcinoma was not statistically significantly different from that in
controls: control, 2/50 (4%); low-dose, 1/50 (2%); high-dose, 6/50 (12%). There was also
one preputial sarcoma in the high-dose group. ln females, a statisticaIly nonsignificant
increase in the incidence of clitoral-gland tumours (adenomas or carcinornas) was observed:
control, 2/50 (4%); low-dose, Oj50; high-dose, 5/50 (10%) (Abdo et al., 1985; National
Toxicology Program, 1986).

3.2 Other relevant biological data

(a) Experimental systems

Taxie effects
The oral LDso for benzyl acetate was 3690 mg/ kg bw in rats and 2640 mg/ kg bw in

rabbits (Graham-Kuizenga, 1945).
Intravenous, intramuscular or intraperitoneal administration of benzyl acetate (~40

mg/ kg bw) to rab bits and dogs caused hypotension and rapid diuresis (Gruber, 1924).
Exposure of dogs to a flowing 'vapour-air mixture' containing 0.5 mg/ l (81.5 ppm) benzyl
acetate over several days was reported to produce central nervous systern depression and
death. Central nervous system depression, convulsions and sorne deaths were observed in

mice exposed to 1.3 mgj L (212 ppm) for 7 - 1 3 h. Cats exposed sirnilarly to 1.1 mg/ l (180 ppm)
showed only moderate irritation, but after exposure to 1.5 mg/l (245 pprn) they developed
central nervous system depression and death. Repeated exposure of cats to concentrations
of 1.1-1.5 mg/l (180-245 pprn) for 8-10 h daily for seven days produced marked salivation,
especiaIly at the beginnìng of exposure, sornnolence and, later, moderate albuminuria (von
Oettingen, 1960).

Benzyl acetate was administered in corn oil by gavage to male and female Fischer 344/N
rats at 250-4000 rng/ kg bw as a single dose or daily on 14 consecutive days or at doses of
62.5-1000 mg/ kg bw on five days per week for 13 weeks. ln the single-dose study, aIl rats
receiving 4000 mg/ kg were inactive within 2 h after dosing, and 4/5 males and 2/5 females in
these groups died. ln the 14-day study, aIl rats receiving 4000 mg/ kg died by day 2, and an
rats receiving 2000 mg/ kg died by day 5. ln the 13-week study, 2/10 male rats and 1/10
females receiving 1000 mg/ kg died on day 86; final mean body weight in rnale rats receiving
1000 mg/ kg was about 12% lower than that in the control group. Cornpound-related clinical
signs (trembling, ataxia and sluggishness) were observed in male and fernale rats receiving
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1000 mg/ kg and in females receiving 500 rng/ kg; thickened stomach walls were observed in
2/9 males and 4/10 females receiving 1000 mg/ kg. No compound-related histopathological
effect was observed (National Toxicology Program, 1986).

Benzyl acetate was administered in corn oil by gavage to male and female B6C3F¡ mice
at single doses of 250-4000 mg/ kg bw or at doses of 125-2000 mg/ kg bw daily for 14 days or
on five days per week for 13 weeks. ln the single-dose study, all mice receiving 4000 mg/ kg
and females receiving 2000 mg/ kg benzyl acetate were inactive imrnediately after dosing. AIl
mice receiving 4000 mg/ kg and 1/5 males and 2/5 females receiving 2000 mg/ kg died on day
2. ln the 14-day study, all male mice receiving 2000 mg/ kg were dead by day 3; no
dose-related change in weight was seen. Compound-related clinical signs were observed in
high-dose males (ruffled fur, ataxia) and in high-dose females (laboured breathing,

hyperactivity). The mucosa in the cardiac region ofthe stomach was roughened in 2/5 males
and 5/5 females receiving 2000 mg/ kg and in 1/5 females receiving 1000 mg/ kg. ln the
1 3-week study, 7/9 female mice receiving 2000 mg/ kg died. Compound-related clinical signs
observed in high-dose mice included trembling, inactivity, laboured breathing and
depressed body temperature. No compound-related gross or microscopic pathological
effect was observed. ln the two-year studies (see section 3.1), hyperplasia was found in the
forestomach of both male and female B6C3F¡ mice receiving 500 and 1000 mg/ kg bw

(National T oxicology Program, 1986).

Effects on reproduction and prenatal toxicity
No data were available to the W orking Group.

Absorption, distribution, excretion and metabolism
Benzyl acetate is absorbed from the gastrointestinal tract and lungs, and through the

skin of numerous species, including dogs, rats, mice, rabbits and cats (Graham & Kuizenga,
1945; von Oettingen, 1960; Abdo et al., 1985; National Toxicology Prograrn, 1986). It is
hydrolysed to benzyl alcohol; the benzyl radical is oxidized to benzoic acid and excreted
primarily in the urine as hippuric and benzylmercapturic acids (von Oettingen, 1960; Abdo
et al., 1985; National Toxicology Prograrn, 1986). ln Fischer 344/N rats given single doses
of5-500 mg/kg bw or doses of500 mg/kg bw perday for 14 days and in B6C3F¡ mice given
single doses of 10-1000 mg/ kg bw or 1000 mg/ kg bw per day orally for 14 days, no residual
benzyl acetate was detected in the urine or any of the tissues 24 h later. More than 90% of the
activity from the 14C-ring-labelled benzyl acetate was recovered in the urine and ::1 % in the
faeces; ):95% was hippuric acid, -:1 % benzyl alcohol and 0.3-3% unidentified; in rats, 1-3%
was mercapturic acid. There was no evidence of saturation of the absorption, distribution,
metabolism or excretion pathways in either species (Abdo et al., i 985; National Toxicology
Program, 1986).

Mutagenicity and other short-term tests
Benzyl acetate was reported to give negative results in the Bacillus subtils rec+/- assay

when tested at 21 ,ug/ dise (Oda et al., 1978). It was not rnutagenic to Salmonella
typhimurium T A1535, T A1537, T A98 or T A 100 when tested at up to 10 000 ,ug/plate in a
preincubation assay in the presence or absence of a metabolic system (S9) frorn the liver of
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Aroclor-induced rats or Syrian hamsters (Mortelrnans et aL., 1986; National Toxicology
Program, 1986). Florin et al. (1980) also reported negative results in a spot test (3 t.mol/ dise)
in strains T A1535, T A1537, T A98 and T A 100, in the presence or absence of an exogenous
metabolic system.

It was reported in an abstract that benzyl acetate did not induce unscheduled DNA
synthesis in rat hepatocytes in vitro or in vivo (Mirsalis et al., 1983).

Benzyl acetate (up to 5000 t.g/ ml) did not induce sister chromatid exchanges or
chromosomal aberrations in cultured Chinese hamster ovary cells in the presence or absence
of Aroclor-induced rat-liver S9 (National Toxicology Program, 1986). Benzyl acetate
(tested at up to 1.25 t.i/ ml) was reported to be mutagenic in the mouse lymphorna
L5 1 78Y /TK+/- assay in the presence, but not in the absence of Aroclor-induced rat-liver S9

(National Toxicology Program, 1986).

(b) Humans

Taxie effects
Benzyl acetate has been reported to cause irritation in the upper respiratory tract and to

the eyes (Opdyke, 1973).

Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
After oral doses of2 g benzyl acetate, at least 80% was rapidly excreted as hippuric acid

in the urine (Snapper et al., 1925).

Mutagenicity and chromosomal effects
No data were available to the W orking Group.

3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the W orking Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Benzyl acetate has been identified in several fruits, such as bael fruit (from the Aegle
marmelos tree) and Quince (Cydonia vulgaris), and in a mushroom (Agaricus species). It is a
major volatile constituent of the flowers of a number of plants, including jasmine

(Jasminium grandiforum L.), hyacinth (Hyacinihus orientalis), garde nia (Gardenia
jasminoides), ylang-ylang (Cananga odorata), alfalfa (Medicago sativa L.) and others. It
has been used as a food additive in fruit flavours and as a component of perfumes since the
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early 1900s and is widely used as a fragrance in soaps, detergents and incense. There is
widespread human exposure to benzyl acetate by ingestion, skin application and inhalation.

4.2 Experimental data

Benzyl acetate was tested for carcinogenicity by oral intubation in one ex periment in
mice of both sexes and in one experiment in rats of both sexes. ln the study in mice,
increased incidences of liver adenomas and of combined liver adenomas and carcinornas
were observed in animaIs of each sex; the incidence of carcinomas ofthe liver alone was not
statistically significantly increased in animaIs of either sex. An increased incidence of
forestomach tumours was observed in mice of each sex. An increased incidence of acinar-
cell adenomas of the pancreas was observed in male rats.

No data were available to evaluate the reproductive effects or prenatal toxicity ofbenzyl
acetate to experimental animaIs.

Benzyl acetate was reported to give negative results in the Bacilus subtils rec assay. It
was not mutagenic to Salmonella typhimurium in the presence or absence of an exogenous
metabolic system and did not induce sister chromatid exchanges or chromosomal

aberrations in Chinese hamster ovary cells in the presence or absence of a metabolic systern.
Benzyl acetate was reported to be mutagenic in rnouse lymphoma L5 178Y cells in the
presence of a metabolic system.

Overall assessment of data from short-term tests: Benzyl acetatea

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes ? -
Fungij Green plants

Insects

Mammalian cells
(in vitro) ? -
Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Inadequate Cell transformation:
No data

aThe groups into which the table is divided and the symbols used are defined on pp. i 9-20 orthe Preamble; the degrees or

evidence are defined on pp. 20-21.
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4.3 Human data

No case report or epidemiological study of the carcinogenicity of benzyl acetate was
available to the W orking Group.

4.4 Evaluation!

There is limited evidence for the carcinogenicity of benzyl acetate to experimental

animaIs.

No evaluation could be made of the carcinogenicity of benzyl acetate to humans.
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BUTYLATED HYDROXYANISOLE (BHA)

1. ehemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 25013-16-5

Chem. Abstr. Name: (l,I-Dimethylethyl)-4-methoxyphenol
IUPAC Systematic Name: tert-Butyl-4-methoxyphenol
Synonyms: Butylhydroxyanisole; tert-butylhydroxyanisole; tert-butyl-para-hydroxy-
anis ole; tert-butyl-4-hydroxyanisole; 2(3)-tert-butyl-4-hydroxyanisole; EEC No. E320
Trade Names: Antioxyne B; Antrancine 12; Embanox; Protex; Sustan IF; Sustane IF;
Tenox BHA

1.2 Structural and molecular formulae and molecular weight

Mixture of:

OH CH)

&l-CIIJ~ CH)
OCH)

~Oll Cil,

t-CH, )
H3CO CH)

3-t er t - B u ty 1-4- h ydroxyaniso le

(3-BHA)
2-t ert - Butyl-4- h ydroxyaniso le

(2-BHA)

C¡¡H¡602
MoL. wt: 180.25

1.3 Chemical and physical properties of the commercial mixture (unless otherwise

specified)

(a) Description: White or slightly yellow waxy solid (Hawley, 1981; Windholz, 1983)

(b) Ba ilng-point: 264-270°C at 733 mrn Hg (Windholz, 1983)

-123-
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(c) Melting-point: 48-63°C (Hawley, 1981); 48-55°C (Windholz, 1983)

(d) Spectroscopy data: Infrared (Sadtler Research Laboratories, 1980: (2-BHA) prism

(25091a), grating (1066); (3-BHA) prism (25090), grating (1065); ICIS Chemical
Information System, 1984 (IRSS)) and rnass spectral data (ICIS Chemical
Information System, 1984 (MSSS)) have been reported.

(e) Solubility: Insoluble in water; soluble in petroleum ether (Skellysolve H), 50%

ethanol, propylene glycol, alcohols, fats and oils (Windholz, 1983)

(f Stability: Flash-point, 156°C (Eastman Chernical Products, Inc., 1982; Chemical
Dynamics Corp., undated); degrades following prolonged exposure to sunlight
(Cosmetic Ingredient Review Expert Panel, 1984)

(g) Reactivity: Exhibits antioxidant properties as a scavenger of free radicals

(Cosmetic Ingredient Review Expert Panel, 1984).

1.4 Technical products and impurities

Commercially available food-grade BHA is generally a rnixture containing /85%
3-tert-butyl-4-hydroxyanisole (3-BHA) and -(15% of the 2-tert-butyl isomer (2-BHA)
(Branen, 1975; Lam et aL., 1979). Depending on the intended use, BHA may be combined
with other synthetic antioxidants, such as butylated hydroxytoluene (see monograph,
p. 161), tert-butylhydroquinone, propyl gallate and citric acid (Eastman Chemical
Prod ucts, Inc., 1982). The Food Chemicals Codex (National Research Council, 1981)
specifies that food-grade BHA contain not less than 98.5% w / w BHA; impurities present in
this food-grade product are allowed at limits of 3 pprn (mg/ kg) arsenic (see IARC, 1982a)
and 10 ppm (mg/ kg) heavy metals (as lead). Food-grade BHA is reported to contain 0.5%
max hydroxyanisole and 0.6% max hydroquinone (see IARC, 1977) (Cosmetic Ingredient
Review Expert Panel, 1984).

Cosmetic-grade BHA has been reported to contain 90% min 3-BHA and approximately
8% 2-BHA, and the following impurities: 4-hydroxyanisole, 0.5% max; I-tert-butyl-2,5-
dimethoxybenzene, 0.5% max; 2,5-di-tert-butylhydroxyanisole, 0.2% max; hydroquinone
dimethyl ether, 0.1% max; lead (see IARC, 1982b), 20 ppm (rng/ kg) rnax; and arsenic,
3 ppm (mg/kg) max (Cosmetic Ingredient Review Expert Panel, 1984).

aSpectrum number in Sadtler compilation
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2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Several methods are used for the commercial production of BHA. Methylation of
hydroquinone yields an intermediate that gives a mixture of 3-BHA and 2-BHA upon
treatment with tert-butyl alcohol and phosphoric acid. Butylation of hydroquinone and
subsequent methylation with dimethyl sulphate (see IARC, 1982c) and sodium hydroxide
can also be used to produce a mixture of the two BHA isorners (Verma et al., 1970). ln
addition, BHA can be synthesized by the tert-butylation of 4-methoxyphenol over silica or
alumina at 150°C (Keeley, 1980).

A method for synthesizing the 2-tert-butyl isomer has been described by Lam et al.
(1979), in which 2-tert-butyl-4-(( dimethyl-tert-butylsilyl)oxy )phenol is rnethylated with
dimethyl sulphate and the intermediate converted to 2-BHA by acid hydrolysis.

There are two major producers of BHA in the USA (Giragosian, 1982). ln addition,
there are two firms in the UK and one in The Netherlands. ln 1980, eight Japanese

manufacturers were identified as producers of BHA (The Chemical Daily Co., 1980).

(h) Use

Foods: BHA has been used as an antioxidant in fat-containing foods and in edible fats
and oils since 1947 (Lam et al., 1979). It prevents foods from becorning rancid and
developing objectionable odours (Freydberg & Gortner, 1982). It may be used as a food
additive in butter, lard, meats, cereals, baked goods, sweets and beer (Keeley, 1980). It is
used in vegetable oils, potato crisps (Freydberg & Gortner, 1982), snack foods, nuts,
dehydrated potatoes and flavouring mate rials (Eastrnan Chernical Products, Inc., 1982).

The estimated US consumption of BHA in foods increased from 170 thousand kg in
1960 to approximately 300 thousand kg per year du ring the period 1970- 1982 (Anon., 1983).

Cosmetics: BHA is reportedly used as a preservative and antioxidant in cosmetic
formulations. Cornpanies participating in a US Food and Drug Administration-sponsored
cosmetic registration programme in 1981 indicated that BHA was used in 3217 of 21 279
cosmetic formulations. Of the 1914 formulations in which the concentration of BHA was
reported, the majority (88%) had levels ~O. 1 %; only one product in the survey, a lipstick,
contained ? 10% BHA. Of the cosmetics reported in the survey, lipstick formulations
represented the greatest use (1256 products), followed by eye shadow (410 products)
(Cosmetic Ingredient Review Expert Panel, 1984). A widely used antioxidant mixture for
cosmetic use contains 20% BHA, 6% propyl gallate, 4% citric acid and 70% propylene glycol
(Isacoff, 1979).

(c) Regulatory status and guidelines

Approximately 50 countries reportedly permit the use of BHA as a food additive
(International Life Sciences Institute, 1984).
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BHA is classified as Generally Recognized As Safe (GRAS) by the US Food and Drug
Administration (1 984a) when the total content of antioxidants represents not more than
0.02% w / w of the total fat or oil content of the food. It is also perrnitted at rnaximum levels
of 0.001 -0.02% in other specifie products including sausage, poultry and meat products,
breakfast cereals, potato flakes or granules, dry mixes for beverages or desserts, glazed
fruits, emulsion stabilizers for shortenings, and food packaging rnaterials. BHA also may be
used in chewing gum (O. 1 % total antioxidant), active dry yeast (O. 1 %), flavouring substances

(0.5% of essential oil content) and defoaming agents for the processing of beet sugar and
yeast at levels not to exceed O. 1 % of the defoamer(US Department of Agriculture, 1984; US
Food and Drug Adrninistration, 1984b-h).

The Commission of the European Communities (1978) established a temporary
acceptable daily intake (ADI) of 30 mg/ adult for BHA or BHA combined with butylated
hydroxytoluene (see monograph, p. 161). The Joint FAO/WHO Expert Committee on
Food Additives decided to retain a temporary ADI of 0-0.5 rng/kg bw for BHA or
combined BHA, butylated hydroxytoluene and tert-butylhydroquinone (WHO, 1983).

2.2 Occurrence

(a) Naturaloccurrence

BHA in not known to occur as a natural product.

(h) Food
The average daily intake of BHA in the diet of individuals in the USA in 1975 was

estimated to be 4.3 mg, or ':0.1 mg/ kg bw for a person weighing 60 kg (Freydberg &
Gortner, 1982). BHA has been detected at 7-22 mg/ kg in flour rnixes and cereals, and
vegetable and animal fats and oils have been reported to contain levels of 19-91 mg/ kg
(Kline et aL., 1978; Page, 1979). Analysis of chewing-gum samples gave values of92 and 121
mg/ kg in two of nine sam pIes (Pellerin et al., 1982).

2.3 Analysis

The analytical methods described for BHA include gas chrornatography (GC), paper
chromatography, thin-layer chromatography, colorimetrie techniques, fluorimetric tech-
niques, nuclear magnetic resonance, voltametric techniques, gel permeation chromato-
graphy, high-performance liquid chromatography (HPLC), polarographic techniques,
lipophilic gel chromatography, spectrophotometry and densitornetric techniques (Cosmetic
Ingredient Review Expert Panel, 1984). Representative methods for various matrices are
summarized in Table 1.

There is an International Union for Pure and Applied Chernistry (IUP AC)-Food and
Drug Administration (FDA)-Association of OfficiaI Analytical Chemists (AOAC) Method
(HPLC/ ultraviolet spectrometry) (US Food and Drug Adrninistration, 1983a; Fazio,
1984a) for the determination of BHA in oilsand lard, an FDA-AOAC Method (vacuurn
sublimation/GC) (US Food and Drug Adrninistration, 1983b) for BHA in lard, and an
AOAC Method (GC/flame ionization detection) (Fazio, 1984b) for BHA in cereals.
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Table 1. Methods for the analysis of BHA

Sam pie matrix Sam pIe preparation Assay Reference
procedurea

Separation of (1: 1) Chlorof orm-cyclohexane C on Sephadex Kauffman (1977)
BHA isomers eluant LH20

Soft drinks Extractive accumulation at carbon V Wang & Freiha (1983);
paste electrode; BHT not Wang & Luo (1984)
accumulated

Plasma and urine Petroleum ether extraction GClFID El-Rashidy & Niazi
(1979)

Edible oils and fats n-Hexane-ethanol extraction TLC McKone (1976)

Acetonitrile extraction; silyl GCl FID Senten et aL. (1977);
derivative Wyatt (1981)

Partition from hexane-oil into HPLC Page (1979)
acetonitrile; reverse-phase gradient
elution

Dilute into tetrahydrofuran or GPCl UV Majors & Johnson
chloroform (1978); Doeden et aL.

(1979)
Dilute with hexane; extract with HPLCl UV US Food and Drug
acetonitrile . Administration (1983a);

Fazio (1984a)

Sublime under vacuum GC US Food and Drug
Administration (1983b)

F oods Steam distill from matrices SF Dili & Robards (1977)
Steam distill from foods; GC Isshiki et al. (1980)
dichloromethane extraction of
distillate

Extract with carbon disulphide GCl FID Fazio (l984b)
Yeast Determine samples directly MS McClusky et al. (1978)
Foods, fats and oils Glass-wool precolumn GC Kline et aL. (1978)

Chromatograph extracts directly; LCl ECD King et aL. (1980)
BHT not detected

Chewing-gum Extract with hexane, alkaline HPLClUV Pellerin et aL. (1982)

dimethyl sulphoxide

Rubber Acetone extract; visualize with TLC Gedeon et al. (1983)
sulphanilic acid

a Abbreviations: C, chromatography; V, voltammetry; GC, gas chromatography; FID, flame-ionization detection; TLC,

thin-Iayer chromatography; HPLC, high-performance liquid chromatography; GPC, gel permeation chromatography; UV,
ultraviolet detection; SF, spectrofluorimetry; MS, mass spectrometry; LC, liquid chromatography; ECD, electrochemical
detection
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3. Biological Data Relevant to the Evaluation of
earcinogenic Risk to Humans

3.1 Carcinogenicity studies in animaIs

Several reviews discuss carcinogenicity studies on BHA in experimental animaIs (WHO,
1974; International Programme on Chemical Safety, 1983; WHO, 1983; Kahl, 1984; Ito et
aL., 1985).

(a) Oral administration

Mouse: (The Working Group noted that several studies are available in which BHA-
treated mice were included as control groups for studies on the modulating effects of this
chemical on the actions of carcinogens and in which the effect of BHA was examined for a
shorter period than the standard two years (Wattenberg et al., 1979; Witschi, 1981; Witschi
& Doherty, 1984; Jones et aL., 1984). These studies could not be used to evaluate the
carcinogenicity of BHA alone, but the study of Witschi (1981) is considered in section
3.1(e).)

Rat: Groups of 51-52 male and 51 female Fischer 344 rats, six weeks of age, were fed
pelleted diets containing 0 (control), 0.5 (low dose) or 2.0% (high dose) additive- (or
reagent-) grade BHA (98.8% pure) ad libitum for 104 weeks and maintained on basal diet for
a further eight weeks, at which time aIl animaIs were sacrificed. The first tumour, a
pituitary-gland tumour in a female in the low-dose group, occurred at 41 weeks, at which
time aIl animaIs except one were still alive. Survival at 112 weeks was :;65% in aIl groups. ln
the high-dose group, there were significantly increased incidences of papillomas of the
forestomach: males - control, 0/ 51 versus high-dose, 52/52 (p -: 0.001); females - control,
0/51 versus high-dose, 49/51 (96%) (p -: 0.001) and of squarnous-cell carcinomas of the
forestomach: males - control, 0/51 vers us high-dose, 18/52 (34.6%) (p -: 0.001), the first
carcinoma appearing at week 59; females - control, 0/51 versus high-dose, 15/51 (29.4%)

(p -: 0.001), the first carcinoma appearing at week 82. No such increase in incidence was
observed in low-dose rats of either sex (Ito et aL., 1982, 1983a).

Groups of 50 male Fischer 344 rats, six weeks of age, were fed powdered diets containing
0, 0.125,0.25,0.5, 1 or 2% food additive-grade BHA (containing :;98% 3-BHA and -:2%
2-BHA) for 104 weeks, at which time all animaIs were kiled. Survival at 104 weeks was
:;70% in all groups. A significantly increased incidence of papilomas of the forestomach
was observed in the two higher-dose groups: control, 0/50; 1 % BHA, 10/50 (p -: 0.01); 2%
BHA, 50/50 (p -: 0.001). An increase in the incidence of squarnous-cell carcinomas of the
forestomach occurred in the highest-dose group (control, 0/ 50; 2% BHA, IL/50), which was
statistically significant (p -: 0.001) (Ho et al., 1986).

(The W orking Group noted that several studies are available in which BHA-treated rats
were used as control groups for studies on the modulating effects of this chemical on the
actions of carcinogens and in which the effect of BHA was exarnined for a shorter period
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than the standard two years (Pamukcu et al., 1977; Imaida et al., 1983; Ito et al., 1983b; Rao
et al., 1984; Shirai et aL., 1984). These studies could not be used to evaluate the carci-
nogenicity of BHA alone, but sorne of them are considered in section 3. l(e).)

Hamster: Groups of ten male Syrian golden hamsters, six weeks of age, were fed diets
containing 0, 1 (powdered diet) or 2% (pelleted diet) (subsequently analysed as 1 % and
1.94%, respectively) food additive-grade BHA for 24 weeks, at which tirne aIl of the 30
surviving animaIs were kiled. There was a significantly increased incidence of papillomas of
the forestomach (10/10, high-dose; 10/10, low-dose) in aIl BHA-treated animaIs in
comparison to controls (0/ 10;p -: 0.001). Submucosal growth was found in 10/10 lesions in
animaIs in the high-dose group and in 7/10 lesions in animaIs in the low-dose group (Ito et
al., 1 983c). (The W or king Group interpreted submucosal growth as evidence of malignancy.)

Groups of 26-32 male Syrian golden hamsters, seven weeks of age, were fed powdered
diets containing 0, 1 % crude BHA ('food-additive grade', containing ):98% 3-BHA), 1 %
2-BHA (purity, ):99.9%) or 1 % 3-BHA (purity, ):99.9%) for 16 weeks. Three animaIs from
each group were kiled at weeks l, 2, 3 and 4; the remainder were killed inweek 16.
Papillomas of the forestomach were found in anirnals fed 3-BHA at week 3 or food-grade
BHA at week 4; no such neoplasm was observed in animaIs receiving 2-BHA or in controls.
At 16 weeks, there were 0.5 :: 0.5 papillomas per animal fed 3-BHA and 0.29 + 0.17 in those
fed food-grade BHA. Severe hyperplasia of the forestomach occurred within the first week
offeeding food-grade BHA or 3-BHA, which became rnore severe at week 4 but decreased at
week 16 (Ito et al., 1984; Hirose et al., 1986).

ln a study reported only as an abstractl, a total of21O hamsters (sex unspecified) were fed
diets containing 0, 1 or 2% BHA. Groups of animaIs (numbers unspecified) were kiled at
eight, 16, 24, 32, 40, 48 and 104 weeks, and the forestomach and other rnajor organs were
examined grossly and histologically. Forestomach papillomas were found in all hamsters
fed 2% BHA in the diet and kiled from 16 to 104 weeks. Forestornach carcinomas were not
reported in the group fed 2% BHA. Of hamsters fed 1 % BHA in the diet and kiled at 104
weeks, 92.3% had forestomach papilomas and 7.7% had forestomach carcinomas (Masui et

al., 1985).

Dog: Groups of one or two male and one or two fernale young adult beagle dogs were fed
diets containing 0 or 50% BHA (70 or 96% 3-BHA) in propylene glycol, to give daily doses of
0, 0.3, 3.0, 30 or 100 mg/ kg bw, for one year. One group of three dogs was given 30 rngj kg
bw BHA in propylallate-citric acid-propylene glycoL. AlI animaIs survived to the end of the
study period. No effect was reported (Hodge et al., 1964). (The W orking Group noted the
short duration of the experiment, the small number of animaIs used and the inadequate
reporting.)

¡Subsequent to the meeting, a full report ofthis study became available (Masui et al., 1986). ln addition to the tumours reported in
the abstract, carcinomas of the forestomach were found in 10% (4/40) of hamsters given the 2% dose. ln the full paper, data are also
presented on forestomach tumours in rats and mice given oral doses of BHA. ln rats, 75.5% of the group given the 1 % dose
developed papilomas, but no carcinoma of the forestomach was seen; in the group given the 2% dose, 91.5% had papilomas and
13.9% had carcinomas of the forestomach. ln mice, 13.5% of the group given the 0.5% dose had papilomas and 2.7% had
carcinomas of the forestomach; in mice given the 1% dose, 14.3% had papilomas and 4.7% had carcinomas ofthe forestomach.
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(The W orking Group was aware of short-term studies in animaIs without forestomachs,
such as monkeys and pigs, designed to study the effect ofBHA on the stomach (Olsen, 1983;
Iverson et aL., 1985). (See section 3.2(a).)

(b) Skin application

Mouse: Groups of 50 male and 50 female C3HI Anf mice, two to four months of age,
received weekly topical applications of 0, 0.1 or 10 rng BHA (purity unspecified) in 0.2 rnl
acetone on shaved skin for life. Survival was 267-401 days after the start of the study for
females and 385-548 days for males and was not related to treatment. No skin tumour was
observed at the site of application in any of the 13-21 mice per group that were examined
histologically (Hodge et aL., 1966). (The Working Group noted the small number of animaIs
examined histologically.)

(c) Subcutaneous administration

Mouse: Groups of 50 male and 50 female C3HI Anf mice, two to four months old,
received a single subcutaneous injection of 0 or 10 rng BHA (purity unspecified) in 0.2 ml
trioctanoin. Survival of females was 251-525 days after treatrnent and that of males was
411-667 days and was not related to treatment. No turnour was observed in the 13-29 mice

examined histologically (Hodge et al., 1966). (The Working Group noted that only a single
administration was given.)

(d) lntraperitoneal administration

Mouse: ln a screening assay based on the production of lung tumours in strain AI He
mice, groups of 15 male and 15 female mice, six to eight weeks old, received thrice-weekly
intraperitoneal injections of BHA (purity unspecified) in 0.1 ml tricaprylin for eight weeks
(total doses, 0, 1.2 or 6 gl kg bw). AlI animaIs were kiled after 24 weeks. AIl BHA-treated
mice survived to the end of the experimental period. No difference in the incidence or
multiplicity of lung tumours was observed between BHA-treated and control mice
(approximately 0.3 lung tumours 1 mouse compared with about 10 lung tumours 1 mouse in
urethane-treated positive controls) (Stoner et al., 1973).

(e) Administration with known carcinogens

(i) Sequential exposure

M ouse: Groups of 30 female CD- 1 mice, six to eight weeks of age, received a single skin
application of 200 nmol 7, 12-dirnethylbenz(a)anthracene (DMBA) on the shaven skin on
the back. One group subsequently received twice-weekly applications of 1 mg BHA in
acetone for 30 weeks. No skin papiloma occurred in rnice treated with DMBA alone, with
DMBA and BHA or with BHA alone whereas treatment with DMBA and 12-0-
tetradecanoylphorbol 13-acetate produced skin papilomas in 92% of mice (Berry et aL.,
1978).

Groups of 20-30 male AI J mice, six to eight weeks of age, were given a single
intraperitoneal injection of 500 rngl kg bw urethane in saline. Beginning one week later, rnice
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were treated with weekly intraperitoneal injections of 150, 300 or 500 rngl kg bw BHA for
eight weeks. Four months after administration of urethane, the incidence of lung turnours
was 96-100% in aIl groups; BHA did not increase the number oftumours per mouse (Witschi
et al., 1981).

Groups of 30 male AI J rnice, six to eight weeks of age, were given a single intraperitoneal
injection of 500 mgl kg bw urethane and one week or one day later were fed a diet containing
0.75% BHA on one day a week for eight weeks or continuously for eight weeks, respectively,
after which they were maintained on basal diet until four months after urethane treatrnent.
Neither intermittent nor continuous BHA exposure altered the incidence of lung turnours
due to urethane (Witschi, 1981).

Rat: Groups of25-26 rnale Fischer 344; rats, six weeks of age, were given drinking-water
containing 0.01 or 0.05% N-butyl-N-(4-hydroxybutyl)nitrosamine for four weeks after
which they were fed either basal diet alone or basal diet containing 2% BHA for 32 weeks.
Increased incidences of bladder hyperplasia, papilomas and carcinomas were observed in
the group given the high dose of nitrosarnine plus BHA. The incidence of bladder cancer was
5/26 in rats fed nitrosamine alone and 19/25 in those fed nitrosamine followed by BHA (p-c
0.001). BHA alone did not produce bladder lesions, but forestomach papillomas were
reported to have occurred in animaIs fed BHA al one or with nitrosamine (Imaida et al.,
1983).

Groups of 25 female Sprague-Dawley rats, 50 days old, were administered a single dose
of 8 mg DMBA intragastricaIly and were fed diets containing 0.25 or 0.5% BHA frorn one
week after DM BA treatment until the end of the study (210 days). Only the high dose of
BHA significantly inhibited mammary carcinogenesis induced by DM BA (McCorrnick et
aL., 1984).

Two groups of20 male Fischer 344 rats, six weeks of age, were given a single dose of 150
mgl kg bw N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) in dimethyl sulphoxide by
intragastric intubation. One week later, one group was fed a diet containing 0.5% BHA for
51 weeks. The incidence of squamous-cell carcinornas of the forestomach was 9/20 (45%) in
the group receiving MNNG plus BHA compared to 2/18 (11%) in that receiving MNNG
alone. There was no difference between the groups in the incidence of carcinomas of the
glandular stomach (3/20 cornpared to 3/18) (Shirai et al., 1984).

Groups of 25 male Fischer 344 rats (age unspecified) were given four intraperitoneal
injections of 50 mgl kg bw N-methyl- N-nitrosourea (MNU) at four-day intervals; approxi-
mately one week after the last injection, one group was fed 1 % BHA (food-additive grade) in
the diet for 22 weeks. The incidence of squamous-cell carcinornas of the forestomach was
2/17 (11.8%) in the group receiving MNU alone and 15/18 (83.3%) in that receiving MNU
plus BHA. The incidence of papilornas or carcinornas of the urinary bladder was not
increased in anirnals receiving MNU plus BHA (Tsuda et al., 1984).

Groups of 20 male Fischer 344 rats, six weeks old, received weekly subcutaneous
injections of20 mg/kgbw 1,2-dimethylhydrazine(DMH) inO.9%salineforfourweeks. One
week after the last DMH treatment, groups were fed basal diet containing 0.5% BHA or
basal diet alone for 36 weeks. At the end of this period, 1/20 animaIs in the group treated
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with DMH only had adenomas and 6/20 had adenocarcinomas ofthe colon; ofthe animaIs
treated with DMH and BHA, 2/20 had adenomas and 8/20 adenocarcinornas of the colon.
The differences between the two groups were not significant (Shirai et al., 1985).

Groups of 30 male Fischer 344 rats, six weeks old, received twice-weekly intraperitoneal
injections of20 mg/ kg bw MNU (4 mg/ rnl in citrate buffer) or citrate buffer alone (controls)
for four weeks, after which they were fed a basal diet containing 0 or 2% BHA for 32 weeks;
all animaIs were killed at 36 weeks. The incidences of papilomas of the urinary bladder were
0/21 in rats treated with MNU only and 10/24 (p':0.01) in rats receiving MNU followed by
BHA; the incidences of carcinornas of the urinary bladder were 0/21 and 4/24 (p .: 0.01),
respectively. No such tumour was observed in animaIs receiving BHA treatment alone.
Treatment with MNU or BHA alone induced forestomach papilomas (8/22 and 29/30,
respectively) but not carcinomas. ln rats treated with MNU followed by BHA, the incidence
of forestomach papilomas (23/25) was not greater than that with BHA alone, but the
incidence of carcinomas of the forestornach was higher (22/25; p': 0.001) (Imaida et al.,
1984).

(ii) Prior or concomitant exposure

Mouse: Groups of 29 female Swiss ICR/ Ha mice (age unspecified) were fed basal diet
containing 0.375 or 0.5% BHA for one week prior to a single subcutaneous injection of 100
mg 3,4,9,IO-dibenzopyrene (dibenzo(a,ilpyrene; DBP) in 0.2 ml tricaprylin and were

observed until termination of the experiment at one year. A control group of 68 mice was fed

basal diet only. Mortality due to aH tumours (unspecified) at one year was 95% in the group
receiving DBP alone, 89% in the group receiving the low dose of BHA plus DBP and 96% in
the group receiving the high dose ofBHA plus DBP. ln a second experiment, neither 0.25%
or 0.5% BHA had an inhibitory effect on the carcinogenicity of DBP (Epstein et al., i 967).

Groups of 12- 1 9 female Ha/ 1 CR mice, ni ne to ten weeks of age, were fed diets containing
0.03% benzo(a)pyrene (BaP) alone or with 1.0% BHA for 28 days and were subsequently
maintained on basal diet until 28-38 weeks of age. The incidences of forestomach tumours
were 13/19 (68%) in the group fed BaP alone and 4/18 (22%) in the group fed BaP plus
BHA. BHA also inhibited the incidence of DMBA-induced forestomach tumours (100%
with DMBA alone, 58% with DMBA plus BHA). Similar groups of female A/ HeJ mice,
aged nine to ten weeks, were fed diets containingO. 1 % BaP alone or with 0.5% BHA for two
weeks. At 21 weeks, the incidences offorestomach turnours were 12/12 (100%) in the group
receiving BaP alone and 2/12 (17%) in that receiving BaP plus BHA (Wattenberg, 1972).

Groups of 11-12 female A/HeJ mice, eight or nine weeks of age, were fed diets
containing 0 or 0.5% BHA for three weeks. On days 4 and 18 after the beginning of
treatment, groups were given a single dose of 3 rng BaP or 0.75 mg DMBA by oral
intubation. Three weeks after the beginning of treatrnent, all rnice were fed basal diet and
maintained for a further 17 weeks. The nurnbers of pulmonary adenomas per mouse were
5.3 in the group receiving BaP alone cornpared to 2.5 in th.e group receiving BHA plus BaP,
and 28.2 in the group receiving DMBA alone cornpared to 12.7 in the group receiving
DMBA plus BHA. ln other experiments, BHA reduced the rnultiplicity of pulmonary
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adenomas induced by intraperitoneal injection of urethane or by oral administration of
uracil mustard. Administration of BHA in conjunction with dibenz(a,h)anthracene or
7-hydroxymethyl-12-methylbenz(a)anthracene in the diet also inhibited the pulmonary

tumour formation induced by those compounds (Wattenberg, 1973).
Two groups of 30 female Charles River CD- 1 mi 

ce, seven to ni ne weeks of age, received a
single topical application of 2.56 ¡.g DMBA on an area of shaved skin; one group was
treated 5 min previously with a topical application of 1 mg BHA. One week later, both
groups received twice-weekly promoting applications of 10 ¡.g 12-0-tetradecanoylphorbol
13-acetate for 20 weeks. The incidences of skin papilomas were approximately 80% in mice
receiving applications of DMBA alone and 70% in those receiving DMBA plus BHA
pretreatment (Slaga & Bracken, 1977).

Groups of about 20 female Ha:ICR rnice, 11 weeks of age, were fed diets containing 0 or
0.5% BHA. Ten days after the beginning oftreatrnent, groups were given 1 ¡.mol of either
BaP or (+)-trans-7,8-dihydroxy-7,8-dihydrobenzo(a)pyrene by oral intubation three times
a week for six weeks. Adrninistration of BHA in the diet was discontinued three days after
the last intubation. The experiment was terminated after 30 weeks. The incidences of
forestomach tumours were 71% in mice exposed to BaP alone and 17% in those exposed to
BaP and BHA, and 100% in mice exposed to the dihydrodiol compared to 60% in those
exposed to the dihydrodiol and fed BHA. Adrninistration of BHA also reduced the
occurrence of dihydrodiol-induced pulrnonary adenomas and lymphomas (Wattenberg et
aL., 1979).

Two groups of 40 and 20 female CF- 1 mice, eight weeks of age, were fed diets containing
o or 0.5% BHA. Nine days after the beginning of treatment, the groups received twice-
weekly subcutaneous injections of 0.3 rng methylazoxymethanol (MAM) acetate in water
for three weeks. BHA treatment was discontinued after the last injection, and aIl animaIs
were maintained on basal diet until 46 weeks of age, at which time the experiment was
terminated. The incidences of neoplasrns of the large intestine were 41 % in mice receiving
MAM acetate alone and 5% in those fed BHA concomitantly. A second study confirmed
this finding and revealed cornplete inhibition of carcinogenesis in the large intestine with
administration of a diet containing 1.0% BHA (Wattenberg & Sparnins, 1979).

Groups of about 20 female ICR/ Ha mice, nine weeks of age, were fed diets containing 0,
0.03 or 0.06 mmol/ g of diet (~0.5 or 1.0%) 2-BHA or 3-BHA. On day 8 of the study, the
mice were given twice-weekly administrations of 1 rng BaP in corn oil by oral intubation for
four weeks. BHA administration was continued for a further three da ys after the last
intubation; mice were then maintained on basal diet for 113 days and then killed. The
incidences of tumours of the forestornach were 90-94% in rnice receiving BaP alone and
60-65% in those receiving BaP and 2-BHA (the nurnber of turnours per mouse was rnore
than halved). 3-BHA reduced the number of mice with tumours to 79% and almost halved
the number of tumours per mouse (Wattenberg et al., 1980).

Groups of 30 male A/ J mice, six to eight weeks old, received a diet containing 0 or 0.75%
BHA for two weeks (average intake, 187 mg) prior to intraperitoneal injection of 1000
mg/ kg bw urethane and were then maintained on basal diet for a further four months. The
average number of lung turnours per rnouse, but not the percentage of rnice with lung
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tumours, was significantly reduced in the group receiving BHA plus urethane (Witschi,
1981).

Groups of female inbred Swiss albino mice, ten weeks of age, were mated and
administered 500 p,g D MBA on day 17 of pregnancy. One group was also given 10 mg BHA
twice a day by oral intubation from day 15 of gestation until three days after delivery. ln the
first generation of offspring (Fi), 22/31 of the progeny of DMBA-treated dams developed
tumours compared to 9/38 progeny of darns treated with DMBA and BHA. Tumours were
mainly lung adenomas, mamrnary tumours, ovarian tumours, malignant lymphomas,

salivary-gland tumours, preputial-gland tumours, skin papilomas and subcutaneous
sarcomas. ln the F2 generation, obtained by mating Fi females with males from untreated
dams, the tumour incidence in animaIs derived from the dams that received DMBA plus
BHA was also lower than that in animaIs derived from dams that received DMBA alone
(Rao, 1982).

Groups of female CF-l mice, five weeks of age, were fed NIH-07 diet (composed of
natural foodstuffs) alone or containing 0.03, 0.1, 0.3 or 0.6% BHA. At seven weeks of age,
the groups were given 15 mg/ kg bw MAM acetate intraperitoneally four times over IL days
(low dose) or eight times over 22 days (high dose). Two weeks after the last administration of
MAM acetate, feeding of BHA was discontinued. The experiment was terminated at 38
weeks from the start of exposure to MAM acetate. The incidences of colon tumours were
25% in the group given the low dose of MAM acetate alone, and, in the groups given MAM
acetate and BHA, the incidences were 19% at 0.03%, 16% at 0.1 %, 6% at 0.3% and 5% at
0.6% BHA. Similarly, the incidence of lung tumours was reduced from 26% to 3% with the
highest dose of BHA. The incidences of colon and lung tumours were greater with the high
dose of MAM acetate, and inhibition was less profound but stil evident. BHA was also
given at 0.6% in AIN-76 diet (semipurified diet; containing 20% casein, 0.3% DL-
methionine, 52% corn starch, 13% dextrose, 5% Alphacel, 5% corn oil, 3.5% minerai mix,
1 % revised vitamin mix and 0.2% choline bitartrate); inhibition of colon and lung
carcinogenesis was also seen (Reddy et aL., 1983a). ln another experiment, BHA was fed
from two weeks prior to MAM acetate administration until terrnination of the study at 38
weeks after the last carcinogen exposure. Again, BHA inhibited both colon and lung
carcinogenesis when given in either NIH-D7 or AIN-76 diet (Reddy & Maeura, 1984).

Rat: Two groups of 34 and 18 female Sprague-Dawley rats, seven weeks of age, were
administered a single dose of 12 mg/ml DMBA in olive oil by oral intubation; one group
was treated 1 h previously with 200 mg BHA. At 25 weeks of age, the incidences of
mammary tumours were 80% in rats treated with DMBA alone and 39% in the BHA-
pretreated group (Wattenberg, 1972).

Two groups of 30 and 20 albino rats (sex and strain unspecified), 40 days of age, were fed
diets containing 33% bracken fern alone or in conjunction with 0.5% BHA, or 0.5% BHA
alone for one year. BHA reduced the incidence of intestinal tumours from 100% to 75% and
that ofbladder tumours from 73% to 60%. BHA alone did not induce tumours (Pamukcu et
aL., 1977).
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Groups of 30 female Sprague-Dawley rats, 50 days old, were administered a single
intragastric dose of 10 mg D MBA and were fed diets containing either 20% corn oil, 18%
coconut oil and 2% linoleic acid or 2% linoleic acid together with 0.3% BHA. No difference
in mammary tumour incidence at six rnonths was observed in any group compared to a
control group that received the single dose of DMBA only (King & McCay, 1983).

Groups of 25 female Sprague-Dawley rats, 50 days old, were adrninistered a single
intragastric dose of 8 mg DMBA and were fed diets containing 0.25 or 0.5% BHA from two
weeks before until one week after DMBA treatrnent. Both dose levels of BHA inhibited
mammary carcinogenesis induced by DMBA treatrnent (McCormick et al., 1984).

Groups of 25 male Fischer 344 rats, weighing 80- 100 g, were fed 10 mg/ kg bw
ciprofibrate alone or in conjunction with 0.5% BHA in the diet. After 60 weeks, 22/25 rats
exposed to ciprofibrate alone had liver tumours ::5 mm in diameter, whereas only i 2/25
rats treated with ciprofibrate plus BHA had tumours of that size (Rao et aL., 1984).

3.2 Other relevant biological data

(a) Experimental systems

The biological effects of BHA have been reviewed (WHO, 1974; International
Programme for Chemical Safety, 1983). Unless otherwise indicated, neither the purity nor
the isomer composition was specified in the studies considered by the W orking Group.

Taxie effects

The oral LD50 of BHA was 2000 mg/ kg bw in mice and 2200 mg/ kg bw in rats (Lehman
et al., 1951). The intraperitoneal LD50 in male Sprague-Dawley rats was 881 mg/kg bw
(Takahashi et al., 1985).

(i) Gastrointestinal tract

Male and female Wistar Han/ BGA rats were fed diets containing 2% BHA (purity,
99.5% 3-BHA) for up to four weeks. After one week, the epithelium of the forestomach
displayed superficial necrosis, ulceration, mild hyperplasiaand hyperkeratosis. Discontin-
uation of exposure resulted in recovery by week 4. After two weeks of feeding, the
forestomach mucosa was rnarkedly hyperplastic and hyperkeratotic; four weeks after
exposure to BHA was discontinued, these changes had diminished in severity. After four
weeks of feeding, the hyperplasia and hyperkeratosis were more advanced; four weeks after
discontinuation of this exposure, mild hyperplasia persisted. Administration hy gavage of
1 g/ kg bw BHA per day for up to 32 days produced similar changes (Altmann et aL., 1985).

Feeding offood-grade BHA at concentrations of 0.5-2% for nine days to weanling rnale
Fischer 344 rats induced proliferation of the squamous epithelium of the forestornach,
resulting in thickening of the mucosa. After 27 days of exposure, the changes were more
severe and involved a greater area of the forestomach (Nera et al., 1984).

BHA fed at levels of 0.5% and 2% in the diet to Fischer 344 rats for 104 weeks increased
the incidence of hyperplasia of the forestomach in a dose-dependent manner (Ito et aL.,
1983a).
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Male Syrian golden hamsters were fed 1 % 2- or 3-BHA or crude BHA (.c98% 3-BHA)
for one to four weeks. The incidence of severe hyperplasia in the forestomach was high in
animaIs given 3-BHA or crude BHA for two weeks or more, but was similar to that in
controls in those given 2-BHA (lto et al., 1984).

Pregnant Danish Landrace swine were fed diets containing up to 3.7% BHA for 16
weeks. No treatment-related les ion of the forestomach or glandular stomach was observed
(Olsen, 1983).

Female cynomolgus monkeys were administered 125 or 500 rng/ kg bw food-grade BHA
by gavage in corn oil on five days per week for 17 weeks. The high dose was reduced to 250
mg/ kg bw after 20 days because of toxicity. No treatrnent-related les ion was observed, but
there was a 1.9-fold increase in the mitotic index of the epitheliurn of the distal oesophagus
in BHA-exposed animaIs (lverson et al., 1985).

(ii) Other

ln New Zealand white rabbits, five daily intragastric doses of 1 g BHA caused a ten-fold
increase in sodium excretion and a 20% increase in potassium excretion in the urine. The
serum potassium fell progressively with exposure. The adrenal cortex showed decreased fat
staining of the zona glomerulosa and there was increased excretion of aldosterone in the
urine, associated with the sodium and potassium loss (Denz & Llaurado, 1957).

Administration of 500 rng/ kg bw BHA by gastric intubation to rhesus monkeys daily for
four weeks resulted in an increase in liver weight; this effect was not seen with 50 mg/ kg bw.
Ultrastructurally, the high dose also produced pronounced proliferation of the hepatic
smooth endoplasmic reticulum. No consistent change in serum cholesterol was found (Allen
& Engblom, 1972).

BHA was fed at 0.5-2.0% in the diet for six weeks to male Fischer 344 rats which had
undergone partial hepatectorny. The development of preneoplastic lesions of the liver
induced by N-nitrosodiethylarnine (200 mg/ kg bw) was inhibited in a dose-dependent
manner (Thamavit et al., 1985).

A/ J mice fed 0.75% BHA in the diet for eight weeks showed no change in proliferation of
lung cells (Witschi & Doherty, 1984).

After intraperitoneal administration of ):384 mg/ kg bw per day BHA, intracranial
haemorrhages were observed in dead rats and lung haernorrhages and epistasis in survivors
(Takahashi et al., 1985). Such changes were not observed after dietary administration
(Takahashi & Hiraga, 1978).

Groups of Fischer 344 rats of both sexes were maintained on diets containing 0,0.5 or
2.0% BHA for 104 weeks and then on basal diets until week 112. A significant decrease in
brain weight was observed in treated males, and increases in the relative weights of salivary
glands and hearts were seen in females (Ho et al., 1983a).

Groups offour weanling dogs were fed BHA at 0,5,50 and 250 mg/ kg bw for 15 months.
Most animaIs fed the highest dose had liver-cell degeneration with diffuse granulocytic
infiltration, normal lobular structure and no excessive connective tissue proliferation
(Wilder et al., 1960).



BUTYLA TED HYDROXY ANISOLE 137

BHA was fed to groups ofthree beagle dogs at dose levels of 0, 0.3, 3, 30 and 100 rngj kg
bw for one year. AlI animaIs survived; no pathologicallesion was seen, and there was no
demonstrable storage of BHA (Hodge et aL., 1964).

Ejects on reproduction and prenatal toxicity
The effects of BHA on reproduction and prenataltoxicity have been reviewed (WHO,

1974; Branen, 1975; International Programme on Chemical Safety, 1983; Cosrnetic
Ingredient Review Expert Panel, 1984).

ln ICI-SPF rnice administered 500 mgj kg bw per day BHA in arachis oil by gavage for
seven weeks before conception and until day 18 of gestation, maternaI mortality was 25%.
No significant sign of embryotoxicity or teratogenicity was reported (Clegg, 1965). (The
W orking Group noted that there was a high percentage of abortions in the treated group,
which was not commented upon by the author.)

Groups of one Tuck albino and six Carworth SPF rats were administered a single dose
of 1000 mgjkg bw BHA in arachis oH by oral intubation on day9, Il or 13 of gestation; sorne
skeletal malformations were reported, which were considered to be spontaneous. (The
W orking Group noted the srnall number of animaIs per group and the use of one dose only.)
No abnormality was reported in the offpring of groups of five and three Tuck albino rats
administered 750 mgjkg bw per day BHA on days 1-20 of gestation or for 70 days before
conception and throughout gestation (Clegg, 1965). (The Working Group noted the choice
of a dose level that produced pronounced maternaI toxicity and lethality, the small nurnbers
used and the use of one dose only.)

Male and female Sprague-Dawley rats were fed a diet which already contained 0.005%
BHA (but no butylated hydroxytoluene) supplernented with O. 125,0.25 or 0.5% BHA for at
least 14 days before mating; the treatrnent of fernales continued throughout gestation and
lactation. ln addition, the offspring were fed the BHA diets until at least 90 days of age. The
high dose irnpaired the growth of offspring, slightly increased postnatal mortality, and
produced marginal effects in a battery of behavioural tests. There was no sign of maternaI
toxicity (Vorhees et al., 1981). (The Working Group noted that no cross-fostering was
performed to differentiate between pre- and postnatal effects or between parentally
transmitted and direct effects on the offspring.)

ln 12 litters of Walter Reed-Carworth rats fed a total dose of 0.5 g BHA in the diet
throughout gestation, no increase in resorption rate or rnalformations was reported

(Telford et al., 1962).
Groups of 13-18 pregnant New Zealand SPF rabbits received 50, 200 or 400 mgj kg bw

food-grade BHA by gavage on days 7-18 of gestation. No treatment-related effect was
observed in darns or offspring (Hansen & Meyer, 1978).

Groups of 9-13 female Danish Landrace pigs were fed diets containing 50, 200 or 400
mgj kg bw food-grade BHA per day frorn artificial insemination to day 110 of gestation, at
which time the foetuses were removed by caesarean section. Body-weight gain was lower in
darns fed 400 rngjkg bw, but no other sign of maternaI toxicity, ernbryotoxicity or
teratogenicity was reported (Hansen et al., 1982).
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After mating with untreated males, six female rhesus monkeys were fed BHA at a level
that ensured a daily intake of 50 mg/ kg bw (in a diet that also contained the same level of
butylated hydroxytoluene) for two years. No maternaI toxicity was seen and they produced
normal progeny (Allen, 1976).

Absorption, distribution, excretion and metabolism

(i) Pharmacokinetics

ln male and female Sprague-Dawley rats, BHA was absorbed rapidly after oral
administration and metabolized. The main metabolites were 4-0-conjugates: the 0-
sulphate and the O-glucuronide (Astil et al., 1960). (No data on absorption via the skin were
available to the W orking Group.)

After administration of a single oral dose of 1000 mg BHA to New Zealand white
rabbits, 46% of the dose was excreted in the urine as glucuronides, 9% as ethereal sulphates
and 6% as free phenols. Excretion of glucuronides was inversely dose dependent: 60% was
recovered as glucuronides after a dose of 500 mg and 84% after 250 mg. Recovery of BHA as
glucuronide after repeated dosing (three or four doses) was lower than that after a single
dose (Dacre et aL., 1956).

Male mongrel dogs excreted 60% of an oral dose of 350 mg/ kg bw BHA unchanged in
the faeces within three days, and the remainder in the urine largely as sulphate conjugates of
BHA, tert-butylhydroquinone and unidentified phenoL. A small amount of glucuronide was
also found in the urine (Astill et al., 1962). Wilder et al. (1960) also found higher ratios of
BHA sulphates to glucuronates in the urine of dogs.

BHA can be oxidized by tissue peroxidases to a derivative that can bind to DNA
(Rahimtula, 1983).

(ii) Effects on enzymes

BHA binds to cytochrome P450 in vitro and inhibits a variety of enzyme activities (Yang
et aL., 1974).

Addition of BHA to female CF-l mouse liver and large intestine preparations in vitro
inhibited NAD+ (nicotinamide adenine dinuc1eotide)-dependent alcohol dehydrogenase
activity (Wattenberg & Sparnins, 1979).

BHA has been reported to enhance glutathione S-transferase activities in rat and mouse
liver and other tissues (Benson et al., 1978, 1979). When 3-BHA and 2-BHA were fed to
AI HeJ rnice for two weeks at a dietary concentration of 0.5%, either singly or as rnixtures of
the isomers in different ratios, cytosolic glutathione S-transferase in the liver was induced to
a higher level by 3-BHA than by 2-BHA, whereas in the forestornach the induction
characteristics of the isomers were reversed. Sulfhydryl levels in these tissues followed the
same trend. Significant synergistic effects of the two isomers were observed in the
forestornach, but not in the liver. The epoxide hydrolase activity of isolated liver
microsomes from the treated mice was enhanced by 3-BHA, but only rnarginally by 2-BHA
(Lam et al., 1981).
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Feeding of BHA to female CF-I mi ce at 0.03, 0.1,0.3 and 0.6% in the diet for ten weeks
produced a dose-related increase in glutathione transferase activity in cytosols frorn liver,
small intestine and colon. The maximal increase in liver and small intestine was seven to
eight fold, whereas that in colon was only two fold (Reddy & Maeura, 1984).

Administration of BHA at 0.5% in the diet to AI HeJ mice for two weeks increased
cytochrome P450 levels 1.5 times, but did not alter arylhydrocarbon hydroxylase activity
(Speier & Wattenberg, 1975). Microsomal preparations from the livers offemale CF-1 mice
fed diets containing 0.03, 0.1, 0.3 or 0.6% BHA showed a rnarked increase in the levels of
cytochrome P450 and bs, when compared to controls (Reddy et aL., 1982).

Administration to rhesus monkeys of 50 or 500 mgl kg bw BHA daily for four weeks by
oral intubation produced an elevation of hepatic nitroanisole demethylase activity by two
weeks; at four weeks, this level was greater with the high dose but returned to normal with
the low dose. No change in cytochrome P450 levels occurred (Allen & Engblom, 1972).
Food-grade BHA was administered by gavage to cynomolgus monkeys at 500 mgl kg bw
daily, five tirnes per week for 20 days, after which the dose was reduced to 250 mgl kg bw for
a final 65 days. No significant change was produced in the activities of a variety of liver
monooxygenase enzymes, with the exception of decreased ethoxyresorufin deethylase
activity (Iverson et al., 1985).

(iii) Modulation of the toxicity of other chemicals by BHA

As a consequence of its effects on enzyme systerns and possible antioxidant properties,
BHA modifies the toxicity of a variety of chemicals. Sorne examples are presented.

Groups offernale Sprague-Dawley rats were given 30 mg 
7, 12-dimethylbenz(a)anthracene

(DMBA) intragastrically either alone or 1 h after oral administration of 100 or 200 mg BHA.
After 72 h, adrenal necrosis was seen in 29/30 rats given DMBA alone, in 7110 given the low
dose of BHA with DMBA and in 0110 given the high dose (Wattenberg, 1972).

Feeding of 1 % BHA for 30 days or gavage adrninistration of 500 mgl kg bw per day for
five days to 10-12 week old (C3HxI01)F¡ hybrid rnice reduced the 30-day let 

ha lit y due to
ethyl methanesulphonate (Cumming & Walton, 1973).

Groups of 90-130 female CF-l mice were fed two different diets containingO, 0.03,0.1,
0.3 or 0.6% BHA. After two weeks, all but ten mice in each group were injected
intraperitoneally with 20 rngl kg bw methylazoxyrnethanol (MAM) acetate and a second
injection was given four days later. Mortality among MAM acetate-treated rnice on control
diets was 80% and 92%, whereas that in rnice fed diets with BHA was inversely related to the
arnount of BHA, being 0 and 1 % in the groups fed 0.6%. Feeding of 0.3 or 0.6% BHA also
reduced or eliminated histopathological changes observed in the livers and other organs of
the mice (Reddy et al., 1982).

When BHA was fed to ICRI Ha rnice prior to administration of benzo(a)pyrene, the
forrnation of DNA adducts in the forestomach and liver, but not in the lung, was reduced
(Ioannou et al., 1982a).
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Mutagenicity and other short-term tests

BHA was not mutage nie to Salmonella typhimurium T A1535, T A1537, T A1538, T A98
or T AIOO when tested at up to 1000 ¡.g/ plate in the presence ofa metabolicsystem (S9) frorn
the liver of polychlorinated biphenyl-induced rats (Joner, 1977; Bonin & Baker, 1980). It
also gave negative results in a preincubation assay(IO-6-1O-4M) in strains T A1535 and T A98
in the absence of a metabolic system (Rosin & Stich, 1979) (details not given).

BHA was not mutagenic to S. typhimurium T A98 or T A 100 in a host-mediated assay in
mice given 0.75% BHA in the diet for ten days prior to testing. No rnutagenicity was seen in
24-h urine samples from these mice tested in the presence of Aroclor-induced rat-liver S9
(Batzinger et aL., 1978) (details not given).

Sex-linked recessive lethal mutations were not induced in Drosophila melanogaster fed
1 % solutions of BHA for 24 h (Miyagi & Goodheart, 1976). Similarly, neither sex-linked
recessive lethal mutations nor loss of ring X B chromosome were observed when male D.
melanogaster were injected with 0.2 ¡.i solutions of 0.00 1 % BHA (Prasad & Karnra, 1974).
(The W orking Group noted that the authors interpreted this result as positive.)

BHA (1- 10 ¡.M) did not induce 6-thioguanine-resistant mutants in cultured Chinese
hamster ovary ce lis in the presence of Aroclor-induced or uninduced rat-liver S9 or
microsomes (Tan et al., 1982) nor in Chinese hamster V79 cells (O. 1-0.3 mM) in the presence
of rat or hamster hepatocytes (Rogers et aL., 1985).

Chromos omal aberrations were not induced in cultured Chinese hamster CHL ceIls by
0.03 mg/ml (1.7xlO-4M) BHA (Ishidate & Odashima (1977). BHA (1O-6-1O-3M) did not
induce sister chromatid exchanges or chrornosomal aberrations in cultured Chinese

hamster DON ce Ils (Abe & Sasaki, 1977). (The Working Group noted that the authors
interpreted these results as positive.)

(The W orking Group was aware of reports of experirnents in which the intention was to
study the modulating effects of BHA on the activity of carcinogens / rnutagens and in which
treatment with BHA alone served as a control. Most of these reports could not be used to
evaluate the mutagenic or related effects of BHA alone.)

Almost aIl studies (see Table 2) on the rnodulating effects of BHA on the mutagenic and
related effects of known carcinogens/ mutagens have been directed toward deterrnining its
effect on the metabolism of the test chemicals. The methods employed for this purpose can
be separated into five groups: studies of the effects of BHA on

(A) directly-acting chernicals - BHA and a test chemical were added directly to an
in-vitro assay systern;

(B) exogenous metabolic systems - BHA and a test chernical were added to an
in-vitro system containing an exogenous rnetabolic system;

(C) in-vivo rnetabolic systems - a BHA-induced rnetabolic system was added to an
in-vitro assay with a test chemical;



Table 2. Results from short-term tests: modification of the effects of carcinogens/ mutagens by BHA a

Test Test organismj Study designb Combination with Reported result Comments Referencesassay (Exogenous metabolic carcinogenj mutagen
systemc)

PROKARYOTES

DNA damage Bacillus subtils A Sodium nItrite Enhancement Natake et al.
(rec + j rec-)

(1979)
Haemophilus A Sodium nit rite Enhancement Thomas et al. ti

c:inj7uenzae
(1979) ""(transformation ~

l'EryR)
~

Calfthymus DNA B (3MC-R-Micr) Benzo( a )pyrene Reduction Piekarski et al. ""
m(binding)

(1979) 0
B (sheep seminal vesical para- Phenetidine Reduction Andersson et al. ~

~microsomes)
(1984) tl

B (PB-R-Micr) Aflatoxin Bi Reduction Bhattacharya et al. ~
0

(1984) ~
C (BHA-M-Micr) Benzo( a )pyrene Reduction Rahimtula et al. ~

~
(1982) Z-C (BHA-M-liver nuc1ei) Benzo( a )pyrene Reduction Hennig et al. e/

0(BHA-M-Micr) Benzo( a )pyrene No effect (1983) l'
t'Calf thymus DNA C (BHA-M-Micr) trans-7 ,8- Dihydroxy- Reduction Dock el al. (1982)

(binding) 7,8-dihydrobenzo(a)-
pyrene

Isolated DNA C (BHA-M-Micr) Benzo( a )pyrene No effect Source of DNA Ioannou et al.
(binding) not given (l982b)

B (M-Micr) Aflatoxin Bi Reduction Rahimtula & Martin
(1984)

Ca If thymus DNA C (BHA-M-Micr) Aflatoxin Bi Enhancement Rahimtula & Martin
(binding)

(1984 )

-~



Table 2 (contd)
-.lN

Test Test organismj Study designb Combination with Reported result Comments References
assay (Exogenous metabolic carcinogenj mutagen

systeme)

Mutation Salmonella A . N-Acetoxy-2-acetyl- No effect Strain T A98 Rosin & Stich
typhimurium aminof1uorene 1979)

(his - j his +) A N-Methyl-N'-nitro-N- No effect Strain TAI535 Rosin & Stich
nitrosoguanidine (1979)

A Sodium nitrite No effect Strains TA1535 Natake et al. (1979)
and T A98; figures

..
;.

not given ~
A y-radiation No effect Strain TA 100 Ben-Hur et al.

n
~

(1981) 0
B (Liver-PMS) Benzo( a )pyrene Reduction Strains TA1538 and McKee & Tometsko Z

1 -Aminoanthracene Reduction T A98 (species and (1979)
0
0

2-Aminoanthraquinone Reduction inducer of metabolic ~
Prof1avine dihydro- Reduction system not stated) ;.
chloride 'i

::Homidium bromide Reduction C/

B (Aro-R-PMS) Af1atoxin Bi Enhancement Strain T A 100 Shelef & Chin (1980) ~
0

B (ß-Naphthof1avone-R- Benzo( a )pyrene Reduction Strain T A98 Rahimtula et al. t"
PMS, Aro-R-PMS) (1977); Calle & c:

Sullivan (1982) ~
m

B (ß-Naphthof1avone-R- Benzo(a)pyrene (BP) Reduction Strain T A98 Calle et al. (1978) .l0
PMS) 6-MeBP Reduction

lO-MeBP Reduction

B (preparation from BP-7,8-diol Reduction Strain T A98 Marnett et al. (1978)
sheep seminal vesicles
incubated with

arachidonic acid)

B (Aro-R-PMS) Quercetin Reduction Strain T A98 Hatcher & Bryan
(The W orking (1985)
Group noted
only a slight
reduction)



Table 2 (contd)

Test Test organismj Study designb Combination with Reported result Comments References
assay (Exogenous metabolic carcinogenj mutagen

systeme)

Mutation Salmonella B (Aro-R-PMS) 3,2'-Dimethyl-4- Reduction Strains T A98 and Reddy et al. (1983b)
( contd) typhimurium aminobiphenyl TA 100

(his - j his +) C (BHA-M-Micr) Aflatoxin Bi Enhancement Strain T A98 Rahimtula & Martin
(contd)

(1984) o:
E (Host-mediated assay) Aflatoxin Bi No effect Strain T A98 Chang & Wei (1982) c:

i-
E (Host-mediated assay) Metronidazole Reduction Strains T A98 and Batzinger et al. (1978) ..

l'
and E (urine) (Aro-R- Benzo( a )pyrene Reduction TA 100 ~
PMS) IA-4N-oxide Reduction i-

m
Metrifonate Reduction '=
Praziquantel Reduction ::
Diazepam Reduction ..
Mebendazole Reduction Ü

~Hycanthone Reduction 0
Oxamniquine No effect ~
4- Nitro-4' -isothio- No effect ..

~cyanodiphenylamine Z..E (Urine) (BHA-M- Benzo( a )pyrene Reduction Strains T A98 Benson et al. (1978) u:
CytP450, BHA-R- and TAlOO 0

t"CytP450) m

GREEN PLANTS

Mutation Hordeum vulgare D Propane sultone Enhancement Treatment of seeds Kaul & Tandon
(chlorophyll mutants) (1981 )

Chromosomal Hordeum vu/gare D Propane suit one Enhancement Treatment of seeds Tandon & Kaul
eff ects (aberrations) (1979); Kaul &

Tandon (1981)
Allum cepa D X-rays Enhancement Treatment of seeds Kaul (1979)

(aberrations)

-
.¡w
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Table 2 (contd)

Test Test organism/ Study designb Combination with Reported result Comments References
assay (Exogenous metabolic carcinogen/ mutagen

systeme)

INSECTS

Mutation Drasaphi/a melana- D y-rays Enhancement Prasad & Kamra
gasler (sex-linked (1974)
recessive let haIs) -

;iChromosomal Drasaphila me/ana- D y-rays No effect (The Working Prasad & Kamra ¡:
eff ects gasler (loss of ring Group noted the (1974) (1

XB chromosome) very low dose of a:
0.2 t.l of 0.001% 0
BHA used.) Z0

Cì

MAMMALIAN CELLS lN VITRO :;
;i

DNA da mage Mouse embryo cells D Benzo( a )pyrene Reduction Piekarski el al. ~
H uman skin (primary D Benzo( a )pyrene Reduction

..
(1979); Sawicki el ::r/

culture) al. (1980) ~
Human lymphocytes D Benzo( a )pyrene No effect 0
(binding to DN A) l"

c:
NIH Swiss mouse D 7,12- Dimethylbenz- Reduction Shoyab (1979) a:

trepiderma1 cells in (a)anthracene .t
culture (binding to 0
DNA)

Guinea-pig leucocytes D N-Methylaminoazo- Reduction Takanaka el al.
(binding to DNA) benzene + 12-D-tetra- (1982)

decanoylphorbol 13-

acetate

Primary mouse D 7,12-Dimethylbenz- Reduction only of Sawicki & Dipple
embryo cells in (a)anthracene syn bay region of (1983)
culture (binding dihydrodiol epoxy
to DNA) adducts



Table 2 (contd)

Test Test organismj Study designb Combination with Reported result Comments References
assay (Exogenous metabolic carcinogenj mutagen

systeme)

Mutation Chinese hamster V79 B (SHE) Benzo( a )pyrene Reduction Katoh et aL. (1980)
cells (ouabain resistance) A N-Acetoxy-2-acetyl- No effect

aminof1uorene
Chromosomal Human lymphocytes D 12-0- Tetradecanoyl- Reduction Emerit et al. (1983)

effects (aberrations) phorbol 13-acetate ~
c:

MAMMALIAN CELLS lN vivo --..
t"DNA damage CD-1 mice (binding to D Benzo( a )pyrene Reduction Slaga & Bracken ~DNA from skin) 7,12- Dimethylbenz- Reduction ( 1977) '"
t'(a)anthracene V

NIH Swiss mice D 7, 12-Dimethylbenz- No effect ~ Dipple et al. (1984) ::
~(binding to DNA in skin) (a )anthracene V

Sprague-Dawley rats D 1,2-Dimethylhydrazine No effect Bull et al. (1981) :;
0(06-methylguanine in ~DNA from colon) ..
~

AI HeJ mice D Benzo( a )pyrene Reduction Anderson et aL. Z-(binding to DNA (1981); Ioannou et 'J
0from lung, ¡¡ver al. (1 982a); t"and forestomach) Adrianenssens et t'

al. (1983)

Chromosomal C57BL/6J mice D i ,2-Dimethyl- Reduction Wargovich et al.
eff ect s (aberrations in hydrazine (1983)

colonie cells)

OThis table comprises selected as 
sa ys and references and is not intended to be complete review of the literature.

bStudies are designed to investigate the effects of BHA on: A, directly-acting chemicals; B, exogenous metabolic system; C, in-vivo metabolic system; D, test chemicals in test

organisms; E, in-vivo metabolism of test chemicals; see text for explanations.
e3MC, 3-methylcholanthrene-induced; R, rat; Micr, microsomes; M, mou 

se; PB, phenobarbital-induced; BHA, BHA-induced; PMS, postmitochondrial supernatant; Aro,
Aroclor-induced; CytP450, purified cytochrome P450; SHE, Syrian hamster embryo cells

-,t
VI
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(D) test chemicals in test organisms - BHA was administered to test organisms in
vitro (systems not requiring an exogenous metabolic systern) or in vivo, prior to or
simultaneously with a test chemical; and

(E) in-vivo metabolism oftest chemicals - BHA was administered in vivo prior to or
simultaneously with a test chemical and a host-mediated or urine mutagenesis as say was
performed.

(b) Humans

Taxie effects

No data were available to the W orking Group.

Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
When male volunteers were given an oral dose of 50 mg BHA, 27-77% was excreted in

the urine as the glucuronide and urinary rnetabolites, as measured by paper chrorna-
tography. U rinary excretion of BHA was maximal within 17 h and complete by 48 h (Astil
et al., 1962). When human volunteers were given a single oral dose of 14C-Iabelled BHA
(approximately 0.5 mg/ kg bw), 60-70% ofthe radioactivity was excreted in the urine within
two days and 80-86.5% by day 11 (Daniel et aL., 1967). Four male volunteers were given 30
mg BHA orally and ten days later they were given another 5 mg. Approxirnately 20% of
either dose was excreted in the urine as glucuronide within the first 24 h. Alrnost no free
BHA was present in urine (Castelli et al., 1984).

Mu tagen icit y and chromosomal effects
No data were available to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Butylated hydroxyanisole (BHA) has been used since 1947 as an antioxidant in many
foods, including edible fats and oils, meats, cereals, potato products, baked goods, nuts,
snack foods, chewing-gum and beverages. It has also been used extensively in cosmetics,
especially lipsticks and eye shadow. There is widespread human exposure to this compound
by ingestion and skin application.



BUTYLA TED HYDROXY ANIS OLE 147

4.2 Experimental data

Butylated hydroxyanisole was tested for carcinogenicity in two experiments in rats and
in two experiments in hamsters by administration in the diet, inducing benign and
malignant tumours of the forestomach.

Butylated hydroxyanisole was studied in mice and rats for its ability to modify the
carcinogenicity of selected chemical agents. When administered with known carcinogens,
butylated hydroxyanisole either enhanced, inhibited or had no effect on carcinogenicity (see
also the 'General Remarks on the Substances Considered', p. 38).

Butylated hydroxyanisole administered to rats at maternally toxic and occasionally
lethal doses during, or before, during and after, gestation induced slight embryotoxicity but
no definite indication of teratogenicity. No effect was seen in rabbits, pigs or rhesus
monkeys.

ln rats, feeding of butylated hydroxyanisole in the diet caused superficial necrosis,
ulceration and hyperplasia of the squarnous epithelium of the forestomach. Induction of
forestomach hyperplasia also occurs in hamsters. Administration of butylated hydroxy-
anisole by gavage to monkeys was associated with an elevated mitotic index in the squarnous
epithelium of the distal oesophagus.

Butylated hydroxyanisole was not mutagenic to Salmonella typhimurium, Drosophila
melanogaster or to Chinese hamster ce Ils in vitro. It did not cause chromosomal effects in D.
melanogaster or in cultured Chinese harnster cells.

When tested in combination with other chemicals (usually known mutagens or
carcinogens), butylated hydroxyanisole often modified their DNA damaging, mutage nie
and clastogenic activities. ln rnost studies, butylated hydroxyanisole reduced the activity of
indirectly-acting mutagensj carcinogens.

4.3 Human data

No data were available to evaluate the carcinogenicity of butylated hydroxyanisole to
humans.

4.4 Evaluationl

There is suffcient evidence2 for the carcinogenicity of butylated hydroxyanisole to
experirnental anirnals.

No data were available on the carcinogenicity of butylated hydroxyanisole to hurnans.

lFor definition of the italicized term, see Preamble, p. 18.
2In the absence of data on humans, it is reasonable, for practical purposes, to regard chemicals or exposures for which there is

suffcient evidence of carcinogenicity in animais as if they presented a carcinogenic risk to humans.
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Overall assessment of data from short-term tests: Butylated hydroxyanisolea

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes -
Fungi/ Green plants

Insects - -
Mammalian cells
(in vitro) - -
Mammals
(in vivo)

H umans

(in vivo)

Degree of evidence in short-term tests for genetic activity: No evidence Cell transformation:
No data

OThe groups into which the table is divided and the symbol used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.
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BUTYLATED HYDROXYTOLUENE (BHT)

1. ehemicaI and PhysicaI Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 128-37-0

Chem. Abstr. N ame: 2,6- Bis( 1,1 -dimethylethyl)-4-methylphenol
lUP AC Systematic Name: 2,6-Di-tert-butyl-para-cresol
Synonyms: Butylhydroxytoluene; DBPC; dibutylated hydroxytoluene; di-tert-butyl-
para-cresol; ortho,ort ho' -di-tert-bu tyl-para-cresol; 1,3-di-teri-butyl-2-hydroxy-5-
meth yI benzene; 3 ,5-di-t ert - bu ty 1-4- h ydroxyto 1 uene; 3, 5-di-t ert - bu ty 1-4- rneth y L P heno 1;
EEC No. 321; 4-methyl-2,6-di-tert-butylphenol; NCI-C03598
Trade Names: Advastab 401; Agidol; Alkofen BP; Antioxidant 4; Antioxidant 29;
Antioxidant 30; Antioxidant DBPC; Antioxidant 4K; Antioxidant KB; Buks; CAO-l;
CAO-3; Catalin CAO-3; Chemanox IL; Dalpac; Deenax; Dibunol; Impruvol; Ionol;
Ionole; Kerabit; Nocrac 200; Nonox TBC; Parabar 441; Paranox 441; Stavox;
Sumilizer BHT; Sustane BHT; Swanox BHT; Tenamene 3; Tenox BHT: Topanol;
Toxolan P; Vanlube PC; Vanlube PCX; Vianol; Vulkanox KB

1.2 Structural and molecular formulae and molecular weight

H3f-r°H fH3

CH3-f 0 y-CH3
H3C CH3

CH3

C1sH240
MoL. wt: 220.36

1.3 Chemical and physical properties of the pure substance

(a) Description: White, crystallne solid (Hawley, 1981; Windholz, 1983; Sax, 1984)
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(b) Boiling-point: 265°C (Windholz, 1983; Sax, 1984; Weast, 1985); 136°C at 10 mm

Hg (Weast, 1985)

(c) Melting-point: 71°C (Weast, 1985)

(d) Density: d~o 1.048 (Hawley, 1981; Windholz, 1983; Sax, 1984)

(e) Spectroscopy data: Ultraviolet (Sadtler Research Laboratories, 1980 (9777a)),

infrared (Sadtler Research Laboratories, 1980; prism (283,540), grating (18002)),
proton nuclear magnetic resonance (Sadtler Research Laboratories, 1980 (526)),
C-13 nuclear rnagnetic resonance (Sadtler Research Laboratories, 1980 (4642);

ICIS Chemical Information Systern, 1984 (CNMR )), fluorescence (Sadtler Research
Laboratories, 1973 (22)) and mass spectral data (Grassell & Ritchey, 1975; ICIS

Chemical Information System, 1984 (MSSS)) have been reported.

(j Solubilty: Very slightly soluble in water (0.4 rngjl at 20°C) (Verschueren, 1983);

soluble in most aliphatic and arornatic hydrocarbon solvents, ketones, alcohols,
linseed oil, food oils and fats (Grassell & Ritchey, 1975; Hawley, 1981; Windholz,
1983)

(g) Volatility: Vapour pressure, 0.0075 mm Hg (Biesterfeld US, Inc., 1972),0.01 mm

Hg at 20°C (Uniroyal Chemical Co., 1984); relative vapour density (air = 1), 7.6
(Verschueren, 1983; Sax, 1984; Uniroyal Chernical Co., 1984)

(h) Stability: Flash-point, 126.6°C (open-cup) (Sax, 1984)

(i) Octanol/water partition coeffcient (P): log P, 5.80 (ISHOW); log P, 4.17
(ENVIROFATE) (ICIS Chemical Information System, 1984)

CI Conversionfactor: mgjrn3 = 9.01 X ppmb

1.4 Technical products and impurities

The Food Chemical Codex 
(National Research Council, 1981)and the 

Joint FAOjWHO
Expert Committee on Food Additives (Food and Agricultural Organization, 1983) specify
that food-grade BHT assay at not less than 99.0% w j w of pure BHT, with a solidification
point not lower than 69.2°C. Maxirnum levels of arsenic (see IARC, 1982) and heavy metals
(as lead) are set at 3 and 10 mgj kg, respectively. Food-grade BHT is available in crystallne
form or as a fine powder (Sherwin-Wiliarns, 1982; Koppers Co., Inc., undated).

QSpectrum number in Sadtler compilation

bCalculated from: mg/ m3 = (molecular weight/ 24.45) x ppm, assuming standard temperature (25°C) and pressure (760 mm Hg)
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Technical-grade BHT is available in crystalline or flake forms, or in molten form in bulk
quantities. The crystalline/flake substance generally contains 98% w/w minimum active
ingredient and has a solidification point not lower than 68.7-68.8°C Molten BHT may be
78-84% pure, have a maxirnum of 0.5% water and a solidification point of approxirnately
56°C (Sherwin-Williams, 1982; Koppers Co., Inc., undated).

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

BHT is produced comrnercially by the alkylation of para-cresol with isobutylene. A US
patent for this process was received in 1947 (Windholz, 1983).

US production of technical-grade BHT decreased from 5.4 milion kg in 1977 to 3.6
millon kg in 1983; US production of food-grade BHT was 4.9 milion kg in 1977, but was
not reported in 1983 (US International Trade Cornrnission, 1978, 1984). US consumption of
BHT was estimated at 3.5 milion kg in 1981 (Anon., 1983). US demand has increased
recently, due to growth in the rubber and plastics industries; demand was 8.2 million kg in
1983 and approximately 9 milion kg in 1984. US capa city in 1984 was estimated at 12.3
millon kg, provided by three primary producers (Anon., 1984).

BHT is also produced by several western European manufacturers, with three
production/ processing plants identified in the Federal Republic of Gerrnany, two each in
France, the Netherlands and the UK and one in Spain.

Fifteen companies in Japan reportedly produce BHT.

(b) Use

BHT is used as an antioxidant to help preserve and stabilize the flavour, colour,
freshness and nutritive value of foods and animal feed products. It can improve the stability
of pharmaceuticals, fat-soluble vitamins, cosmetics, petroleum-based lubricant and trans-
former oils, and gasoline and diesel fuels. The service life of rubber, elastorners and plastics
is increased by the addition of BHT (Sherwin- Wiliams, 1982). ln the USA, less than 5% is
used in food or feed (Table 1).

Food products, food packaging andfeed additives: BHT is reported to have been used in
foods in the USA since 1949 (Federation of American Societies for Experimental Biology,
1973). It was found to be an effective antioxidant for animal fats in 1954 (Babich, 1982). The
National Research Council (1972) of the US National Acaderny of Sciences as well as the
Bureau of F oods (1973) reported that BHT was used in fats and oils, jams and jelles, sweet
sauces, nut products, milk products, rneat products, breakfast cereals, snack foods, hard
and soft sweets, baked goods, confectionery frosting, gelatin puddings, frozen dairy
products, gravies, alcoholic and nonalcoholic beverages, chewing-gum, soups, processed
vegetables and fruit. The use of BHT in foods has decreased in recent years.
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Table 1. Use of BHT in the USA a

Use Percent

Plastics antioxidant
Rubber antioxidant
Petroleum additive
Other (including food additive)

48
38

9
5

aFrom Anon. (1984)

BHT is used as an antioxidant and stabilizer in paper and plastic food packaging
materials. It is also used as an antioxidant for animal feeds to inhibit the development of
rancidity in grain-seed oils and rneals, and to preserve fat-soluble vitamins, particularly
vitamins A and E (Sherwin- Wiliams, 1982).

Plastics: The largest current use ofBHT is as a plastics antioxidant to prevent oxidation
and free-radical formation, which alter the rnolecular structure of plastic materials, thereby
diminishing their performance properties and shortening the serviceable life of the product
(Sherwin- Wiliams, 1982). Although phenolic antioxidants are used in a number of plastics,
such as polyurethanes, polyesters and polyvinyls, 70% of the BHT volume intended for use
in plastics goes into polyolefins (Anon., 1983).

Rubber and synthetic elastomers: BHT was originally developed as an antioxidant for
rubber and petroleum, and was patented for this application in 1947 (Babich, 1982). It is
added at concentrations of 0.5-2.0% to natural rubber and to synthetic elastorner polyrners
such as ethylene-propylene-diene terpolymers, nitriles, styrene-butadiene rubber, but yI

rubber, polyisoprene and neoprene to provide resistance to weathering and cracking and to
maintain elasticity (Sherwin- Wiliams, 1982).

Petroleum products: BHT is used as an antioxidant in gasoline to prevent the formation
during cracking of gums which clog fuellines and cause mechanical failure. It is usually
found in low concentrations in gasoline (0.001-0.008%), turbine oils (0.1%-1.0%) and

insulating oils (0.2-0.3%), but at up to 2.0% in engine oils (Sherwin-Williams, 1982).
Miscellaneous uses: BHT is reportedly used in a wide variety of cosmetic products.

Companies participating in a US Food and Drug Administration-sponsored cosmetic
registration programrne in 1981 indicated that BHT was used in 42 different product
categories and in 668 of 20 578 cosmetic forrnulations. Of the formulations in which the
concentration of BHT was reported, the rnajority (9 1 %) had levels ::0. 1 %; only one product
category in the survey, eye-shadow products, contained as much as 1-5% BHT. Of the
cosmetics reported in the survey, eye-shadow formulations represented the greatest use (128
products), followed by lipstick (79 products) (US Food and Drug Administration, 1981).

BHT has been used as a stabilzer for pyrethrin and vinyl phosphate insecticides and for
synthetic detergents. It is sometirnes present in asphalt floor tiles at concentrations of 0.1 %
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(Sherwin- Willams, 1982) and is used as an antiskinning agent in paints and inks (Windholz,
1983). It may also be present as an inhibitor in composite dental materials at concentrations
of 0.006% or less (Paffenbarger & Rupp, 1979).

(c) Regulatory status and guidelines

Approximately 40 countries reportedly permit the use of BHT as a direct or indirect food
additive (International Life Sciences Institute, 1984).

BHT was approved for use as a food additive by the US Food and Drug Administration
prior to 1958 and was therefore classified as GRAS (Generally Recognized as Safe) under
the 1958 Food Additives Amendment to the Food, Drug and Cosmetic Act. Food products
regulated by this Act could contain a combined total of up to 0.02% BHT and butylated
hydroxyanisole (see monograph p. 123), based on the fat content of the food. Foods covered
by the Meat Inspection Act and the Poultry Inspection Act were permitted to contain no
more than 0.01% of an individual antioxidant and 0.02% combined total (Babich, 1982).

Sorne restrictions on the uses of BHT in foods were proposed subsequently; current US
regulations permit its use in certain potato products, rice, rnargarine, breakfast cereals,
chewing-gum and certain meat products at specified levels ranging from 0.001-0.1% and in
food packaging materials (US Food and Drug Administration, 1977; Babich, 1982; US

Department of Agriculture, 1984; US Food and Drug Administration, 1984).
The Commission of the European Communities (1978) recommended a temporary

acceptable daily intake (A DI) of 30 mg/ adult in 1978 for BHT or BHT combined with
butylated hydroxyanisole. The Joint FAO/WHO Expert Cornrnittee on Food Additives
has set a temporary ADI of 0-0.5 mg/ kg bw for BHT or combined BHT, butylated
hydroxyanisole and tert-butylhydroquinone (WHO, 1983).

The American Conference of Governmental Industrial Hygienists (1984) recomrnends
that occupational exposure to airborne BHT not exceed 10 mg/ m3 as an eight-hour
time-weighted average (TW A) or 20 mg/ m3 in any 15-min period. These levels have been
adopted in Finland (Tyäsuojeluhallitus, 1981). ln Australia, Belgium, the Netherlands and
Switzerland, the TW A for BHT is also set at 10 mg/ m3 (International Labour Office, 1980).

2.2 Occurrence

(a) Naturaloccurrence

BHT is not known to occur as a natural product.

(h) Occupational exposure

ln a purification and bagging plant for BHT, concentrations of 4.2-10.5 mg/ m3 BHT
vapour and aerosol were measured; the highest concentration was 619 rng/ rn3 in the area
above a slop tank. After engineering and ventilation rnodifications, the exposure levels
ranged from 1.6-2.6 mg/ m3, and the highest area concentration rneasured was 15.4 mg/ rn3,
which occurred during cleaning operations (Giles & Lucas, 1975; Grote & Kupel, 1978).
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(c) Food
Concentrations of 6-3 1 mg/ kg BHT have been measured in cereals and flour mixes, up

to 292 mg/ kg in wax wrappers from cereals (Kline et al., 1978), up to 82 mg/ kg in oils and
vegetable fats (Kline et aL., 1978; Page, 1979), up to 216 mg/ kg in five of eight chewing-gum
samples and up to 530 mg/ kg in basic gurn (Pellerin et al., 1982).

The concentration of BHT in foods in the UK in the 1960s was estimated not to exceed
1 mg/ kg of diet (Gilbert & Martin, 1967); sorne estirnates of US per-caput daily intake
ranged as high as 13.7 mg (0.2 mg/kg bw) (Federation of American Societies for
Experimental Biology, 1973).

(d) Human tissue levels
ln a study reported in 1970, the BHT content of fat extracted from human subcutaneous

adipose tissue at random post-mortems was determined by colour reaction after solvent
extraction and steam distillation. Levels averaged 0.23 :: 0.15 rng/ kg among IL UK
residents and 1.30 + 0.82 mg/ kg arnong 12 US residents (Collngs & Sharratt, 1970). A level
of 1.30 rng/ kg corresponds to a tissue concentration of about 5 ¡.M, at which rnodulation of
prostaglandin synthesis occurs in vitro (Kahl, 1984).

2.3 Analysis

Analytical methods for determining quantities of antioxidants, including BHT, present
in matrices are based on separation of the phenol by extraction, distilation, precipitation
and chromatography, and quantitative measurement by colorimetrie, ultraviolet, infrared
and various other techniques (Stuckey, 1972). Examples of these methods as applied to
various matrices are given in Table 2.

There is an analytical method of the US National Institute for Occupational Safety and
Health for the determination of BHT in air by gas chromatography / flame-ionization

detection (Taylor, 1977), a rnethod of the International Union for Pure and Applied
Chemistry-Food and Drug Administration (FDA)-Association of OfficiaI Analytical
ChemIsts(AOAC) for the deterrnination ofBHT in oils and lard by liquid chromatography / ultra-
violet detection (US Food and Drug Administration, 1983a; Fazio, 1984a), an FDA-AOAC
method (vacuum sublimation/ gas chromatography) for BHT in lard (US Food and Drug
Administration, 1983b) and an AOAC method (gas chromatography/flarne-ionization
detection) for BHT in cereals (Fazio, 1984b).

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

3.1 Carcinogenicity studies in animais

Several reviews discuss carcinogenicity studies on BHT in experirnental anirnals (WHO,
1974; Babich, 1982; International Prograrnrne on Chernical Safety, 1983; Malkinson, 1983;
WHO, 1983; Kahl, 1984; Ito et aL., 1985).
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Table 2. Methods for the analysis of BHT

Sample matrix Sample preparation Assay Reference
procedurea

Air Adsorb on silica gel; desorb on GCj FID Taylor (1977); Grote &
methanol-carbon disulphide Kupel (1978)

Water Extract into organic solvent; react SP Clement & Gould
with stable cation (1980)

Reverse phase LCj ECD Armentrout et aL. (i 979)

Extract with dichloromethane GCjMS Jungclaus et al. (1976)

Dilute with acetonitrile; reverse- HPLC Chao & Suatoni (1982)
phase elution

Oils and lard Dilute with hexane; extract with LCj UV US Fpod and Drug
acetonitrile Administration (1983a);

Fazio (1984a)

Lard Sublime under vacuum GC US Food and Drug
Administration (1983b)

Edible oils; cottonseed Extract with acetonitrile GCj FID Senten et aL. (1977);
oil Wyatt (1981)

Edible fats and oils Dilute with chloroform or GPCj UV Doeden et al. (1979);
tetrahydrofuran; fiter Majors & Johnson

(1978)
Fats and mixed feeds Solvent extraction LCj PMD Rékasi & Örsi (1976)

Cereals Extract with carbon disulphide GCj FID Fazio (1984b)

Miscellaneous foods Steam distil; extract with GC Isshiki et aL. (i 980)

dichloromethane

Fats, oils and dried Oil trap precolumn; inject diluted GC Kline et al. (1978)

food products samples direct!y

Chewing-gum Extract with hexane, alkaline HPLC Pellerin et al. (1982)
dimethyl sulphoxide

Fuels Direct injection GCjMS Bart! & Schaaff (1982)

Transformer oils Dilute with hexane; elute with LCj ECD Foley & Kimmerle
acetonitrile (differential pulse (1979)

voltammetry)

Rubber Extract with acetone TLC Gedeon et al. (1983)
.,Polymers Dissolve in acetone or tetrachloro- GPC Coupek et aL. (1972);

ethylene; elute with tetrahydrofuran Mirabella et al. (1976)
or tetrachloroethylene

Volatiles released from GCjMS Kiselev et al. (1983)
polymers into the air

Plastics Extract with acetonitrile LCjMS Vargo & OIson (1985)
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Table 2 (contd)

Sarnple matrix Sample preparation Assay
proeedurea

Reference

Polyethylene Dissolve in toluene; heat; extraet
with solvent

Dissolve in deealin

GCl FID Denning & Marshall
(i 972)

HPLC Sehabron & Fenska
(i 980)

Collngs & Sharratt
(1970)

Adipose tissue Extraet serially with petroleum
ether, benzene-petroleum and
water-methanol; steam distill

Colorimetrie
(di-ortho-anisidine)

a Abbreviations: GC, gas ehromatography; FID, f1ame-ionization deteetion; SP, speetrophotometrie deteetion; LC, liquid

ehromatography; ECD, eleetroehemieal detection; MS, mass speetrometry; HPLC, high-performanee liquid ehroma-
tography; UV, ultraviolet deteetion; GPC, gel-permeation ehromatography; PMD, photometrie deteetion; TLC, thin-layer
chromatography

(The Working Group noted that several studies are available in which BHT-treated
animaIs were used as control groups for studies on the rnodulating effects ofthis chemical on
the actions of carcinogens and in which the effect ofBHT was exarnine~ for a shorter period
than the standard two years (Wattenberg, 1972; Ulland et al., 1973; Witschi et al., 1977;
Clapp et al., 1979; Witschi & Lock, 1979; Witschi, 1981; Imaida et al., 1983; Tatsuta et al.,
1983; Willams et al., 1983; Witschi & Morse, 1983; Imaida et al., 1984; Shirai et al., 1984).
These studies could not be used to evaluate the carcinogenicity of BHT alone, but sorne of
them are considered in section 3.1(c).)

(a) Oral administration

Mouse: Groups of approximately 50 rnale BALB/ c rnice, eight weeks of age, were fed a
diet containing 0 or 0.75% BHT (purity unspecified) for life. About 66% of rnice in each
group were kiled 12 rnonths afterthe start of the experirnent and the rest at 18 rnonths. At 12
months, no difference was found in the incidence of lung turnours or reticulum-cell
sarcomas between the 19 surviving BHT -treated and the 50 surviving control animaIs. At 18
months, i 1 BHT -treated and 25 control mice were stil alive; BHT treatment was associated
witha higher incidence oflung turnours (in 7/11 animaIs, 64% versus 6/25, 24%;p': 0.025)
and a lower incidence of reticulurn-cell sarcomas (1/8, 12.5% versus 14/25,56%; p': 0.05)
(Clapp et al., 1974). (The Working Group noted the srnall number of anirnals used.)

Groups of 100 male and 50 fernale BALB/ c mice, eight weeks old, were fed a diet
containing 0 or 0.75% BHT (purity unspecified) for 18 rnonths, at which tirne all animaIs
were sacrificed. No difference was observed in the incidence of lung tumours or reticulum-
cell sarcomas between treated and control mice. No liver turnour, thyrnic lymphoma,
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myeloid leukaemia or tumour ofthe forestomach was seen in BHT-treated mice. At the end
of the experiment, :?90% of animaIs in aIl groups were still alive (Clapp et al., 1978).

Groups of 50 male and 50 female B6C3F¡ mice, six weeks old, were fed diets containing
0.3 (low dose) or 0.6% (high dose) BHT (99.9% pure; purity confirmed by gas chrornato-
graphy) for 107 or 108 weeks, at which tirne the experiment was terminated. A control group
of 20 males and 20 females was used. S urvival at termination of the experirnent was :?82% in
the BHT-treated groups and :?60% in controls. A statisticaIly significant increase in the
incidence of alveolar / bronchiolar adenomas or adenocarcinomas was observed in low-dose

(p =0.009) but not in high-dose females (1 /20 control, 16/ 4610w-dose and 7/50 high-dose);
no such increase was observed in males (7/20 control, 21/50 low-dose and 17/49 high-dose).
No other change in the incidence of neoplasms was reported (National Cancer Institute,
1979).

Groups of 51 or 52 male or female B6C3F¡ mice, six weeks old, were fed diets containing
0.02, 0.1 or 0.5% food-additive grade BHT (purity unspecified) for 96 weeks and were
maintained on basal diet for a further eight weeks, at which time the experiment was
terminated. A control group of 50 mi ce of each sex was fed basal diet alone for 104 weeks.
Survival at termination of the experiment was:?60% in aIl groups. Tumours were found in a
variety of tissues in both control and BHT-treated groups. The differences in the incidence
of neoplasms between control and BHT -treated groups were not statistically significant
(Shirai et aL., 1982).

Rat: ln an early experirnent, groups of 15 male and 15 female Wistar rats (age
unspecified) were fed diets containing 0, 0.2, 0.5, 0.8 or 1 % BHT ('melting point of 68.5°C;
corresponds to a mole purity of97.8%') in 1 % lard for two years. Six to nine female rats and
eight to Il male rats in each of the treated groups survived for two years and were examined
grossly. Sections taken for microscopie examination were reported to demonstrate
malignant neoplasms in four control and five treated females and in two control and one
treated male; the author concluded that there was no treatment-related tumour (Deichrnann
et al., 1955). (The Working Group noted the inadequate reporting of data and the srnall
numbers of animaIs used.)

Groups of 50 male and 50 female Fischer 344 rats, six weeks of age, were fed diets
containingO.3 orO.6% BHT (99.9% pure; purityconfirmed by gas chromatography) for 105
weeks. Control groups of 20 males and 20 fernales received the basal diet only. At
termination of the experiment, 65% control and :?72% BHT-treated rats were stil alive. ln
males, interstitial-cell tumours of the testes and pheochromocytomas of the adrenal gland
were the most frequently observed neoplasms. ln fernales, there were fibroadenomas of the
mammary gland and endornetrial strornal polyps of the uterus. The incidences of turnours
reported were similar in control and treated groups (National Cancer Institute, 1979).

Groups of 57 rnale and 57 female Wistar rats, seven weeks of age, were fed diets
containingO.25 or 1.0% BHT(purity unspecified) for 104 weeks. A control group of36 rnale
and 36 female rats was fed basal diet only. Survival at the tirne of appearance of the first
tumour (69 weeks) was :?70% in aIl groups, and that at the end of the experirnent was :?40%.
A statistically significantly increased incidence of pituitary adenomas was observed in
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low-dose (p.c 0.05) but not in high-dose treated females (0/32 control, 61 4610w-dose, 3/51
high-dose). The authors concluded that the turnours observed did not seem to be induced by
BHT treatment (Hirose et aL., 1981).

Groups of 60,40,40 or 60 Wistar SPF rats of each sex, seven weeks of age, were fed diets
containingfood-grade BHT(purity, )-99.5%) to givedoses of 0, 25, 100 or 500 mg/kgbwfor
13 weeks, after which time the rnales and females within each group were mated. Females
were maintained on treatment throughout pregnancy and nursing. Groups of 100, 80, 80
and 100 offspring of each sex (Fi) were continued on the same treatment, except that the
high-dose level was reduced to 250 mgl kg bw due to renal toxicity in animaIs of the parental
generation. The experiment was terminated when the progeny were 141 - 1 44 weeks of age.
S urvival at that time was 44% in treated rnales and 39% in treated fernales in the high-dose Fi
group, as compared to 16% in control rnales and 17% in control females. Fi males and
females in the high-dose groups were reported to have increased incidences of adenomas and
carcinornas of the liver as compared to controls. Liver tumours were reported only in rats
more than 115 weeks old; no liver tumour occurred prior to that time. ln males, one
adenoma and one carcinoma occurred in controls; one adenoma and no carcinoma at 25
mg/kg bw; five adenomas and one carcinoma at 100 rng/kg bw; and 18 adenomas, eight
carcinornas and one haemangioendotheliosarcoma at 250 mgl kg bw. ln females, the
respective numbers were two and 0 in controls; three and 0 at 25 mgl kg bw; six and 0 at 100
mgl kg bw; and 12 and two at 250 mgl kg bw (Olsen et al., 1983, 1986). (The W orking Group
noted that, due to large differences in survival between treatment and control groups, it is
difficult to draw conclusions about the significance of the observed incidences of liver
lesions in the treated groups.)

Dog: A group of six adult rnongrel dogs (sex unspecified) was fed a daily diet of ground
meat containing 0.0025,0.005 or 0.01 % BHT (purity, 97.8%) for 260 days over one year
(estimated intake: 4538,6058, 12237, 13 210, 16636 and 24 411 mg/kg bw BHT). AlI
animaIs survived the study period, and no tumour was found by gross or histological
examination (Deichmann et aL., 1955). (The W orking Group noted the apparent absence of
a control group and the short period of observation.)

(b) Intraperitoneal administration

Mouse: ln a screening assay based on the production of lung turnours in AI He mice,
groups of 15 males and 15 fernales, six to eight weeks of age, were given thrice-weekly
intraperitoneal injections (0.1 mIl dose) of BHT (purity unspecified) in tricaprylin or
tricaprylin alone for eight weeks (total doses, 1.2 or 6.0 gl kg bw), and were sacrificed after
24 weeks on study. AIl BHT-treated mice (except for two high-dose males) survived the
entire test period. No difference was observed in the incidence or nurnber of turnours 1 mouse
between BHT-treated and control anirnals: controls: incidence, 20-28%; number of
tumoursl mouse, 0.20-0.24; BHT -treated: incidence, 20-27% (31 13 in high-dose rnales, 31 15
in high-dose fernales, 3/15 in low-dose rnales and 4/15 in low-dose females); number of
tumours 1 mouse, 0.20-0.31 (Stoner et al., 1973).
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(c) Administration with known carcinogens

(i) Sequential exposures

Mouse: Groups of male Swiss-Webster or AI J rnice (number unspecified), six weeks of
age, were given a single intraperitoneal injection of 1 mgl g bw urethane or saline; one week
later sorne groups received weekly injections of 250 mg/kg bw BHT. At week 13, the
incidences of lung tumours in Swiss- Webster mice were 93% in those receiving urethane and
BHT treatment and 71% in those receiving urethane treatment only. The incidence of lung
tumours in AI J mice at week 10 was 100% in those receiving urethane and BHT treatrnent
and 83% in those receiving urethane treatment only. No lung tumour was observed in
Swiss-Webster mice treated with BHT alone (Witschi et al., 1977). (These findings were
confirmed and extended in subsequent studies (Witschi & Lock, 1979; Witschi, 1981;
Witschi et al., 1981; Witschi & Morse, 1983).)

Administration of 800 mgl kg BHT either two or 26 days after administration of
urethane did not affect lung tumorigenicity in CFLP mice (Bojan et al., 1978).

Groups of 30 female CD- 1 mice, six to eight weeks of age, received a single topical
application of 200 nmol 7,1 2-dimethylbenz( a )anthracene (D MBA) on a shaven area of back
skin; one group subsequently received twice weekly applications of 1 mg BHT on the same
area for 30 weeks. The incidence of skin papilomas was 6% in mi ce receiving DMBA plus
BHT compared with 0% in those receiving DMBA only. The difference was not statistically
significant. No tumour was observed in a further group receiving treatment with BHT only
(Berry et al., 1978).

Groups of five different strains of mice received a single intraperitoneal injection of
1000 mgl kg bw urethane followed one week later by six weekly intraperitoneal injections of
200 mgl kg bw BHT. The number of lung tumours per mouse in animaIs receiving urethane
plus BHT was enhanced over that in mice receiving urethane alone in all strains except strain
129 (2.2 as compared to 2.01 mouse), as follows (urethane alone versus urethane plus BHT):
A, 30.2 vers us 42.21 mouse; SWR, 26.2 versus 36.01 mouse; BALB 1 cBy, 2.4 versus
8.4/mouse; and RIIIS, 1.3 vers us 2.7 Imouse (Malkinson & Beer, 1984).

Rat: Groups of 120 male Sprague-Dawley rats, 22 days of age, were fed 0.02%
2-acetylaminofluorene in the diet for 18 days; one week later, a group was fed 0.5% BHT in
the diet for 407 days. The incidence of liver tumours was 7% in the group treated with
2-acetylaminofluorene only, compared to 26% in that treated with 2-acetylaminofluorene
and BHT (Peraino et al., 1977).

When 0.66% BHT was adrninistered in the diet after ten weekly subcutaneous injections
of 7.4 mgl kg bw azoxymethane to male Fischer 344 rats, the overall incidence of gastro-
intestinal and ear-duct tumours was not affected but the multiplicity of gastrointestinal
turnours was increased: 1.7 after azoxymethane plus BHT versus 1.4 after azoxymethane
alone (Weisburger et al., 1977).

Groups of 25-26 male Fischer 344 rats, six weeks old, were given 0.01 or 0.05%
N-nitrosobutyl-N-(4-hydroxybutyl)amine in the drinking-water for four weeks and were
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subsequently fed on basal diet or diet containing 1 % BHT for 32 weeks. Adrninistration of
BHT after the low dose of nitrosamine induced an increase in the incidence of urinary
bladder hyperplasia over that seen with the nitrosamine alone (p': 0.05). Adrninistration of
BHT after the high dose of nitrosamine increased the incidences of bladder hyperplasia,
papillomas (p .: 0.05) and carcinomas over that with the nitrosamine alone (p .( 0.05):
bladder carcinomas occurred in 5/26 animaIs receiving nitrosamine alone and in 13/24
animaIs receiving nitrosamine plus BHT. No bladder lesion was observed in a group of
animaIs receiving BHT only (Irnaida et al., 1983).

Groups of 12-14 male Fischer 344 rats, seven weeks of age, were fed a diet containing
0.02% 2-acetylaminofluorene for eight weeks. Two weeks later, animaIs were fed either
basal diet or basal diet containing 0.03, 0.1,0.3 or 0.6% BHT for 22 weeks. The incidences of
liver neoplasms were 21 % in the group receiving 2-acetylaminofluorene only and 33%, 25%,
50% and 67% in the groups also receiving BHT. Only the highest concentration produced a
significant increase in liver carcinogenesis induced by 2-acetylarninofluorene (Maeura &
Willams, 1984).

Groups of 10 or 25 female Sprague-Dawley rats, 50 days old, were given an intragastric
dose of 8 mg DMBA and were fed diets containing 0.25 or 0.5% BHT beginning one week
after DMBA exposure. BHT treatment was reported to inhibit rnarnmary carcinogenesis
(McCormick et al., 1984).

Two groups of20 male Fischer 344 rats, six weeks of age, were given a single dose of 150
mg/kg bw N-methyl-N'-nitro-N-nitrosoguanidine by intragastric intubation. One week
later, one group was fed a diet containing 1.0% BHT for 51 weeks. BHT treatment did not
affect the incidence of stomach tumours (Shirai et aL., 1984).

Groups of 30 rnale Fischer 344 rats, seven weeks old, received twice-weekly intra-
peritoneal injections of 20 mg/ kg bw N-rnethyl-N-nitrosourea (MNU) in citrate buffer or
citrate buffer alone (controls) for four weeks, followed by a basal diet containing 0 or 1 %
BHT for 32 weeks; all animaIs were kiled at 36 weeks. The first turnour-bearing animal died
at week 24. MNU alone produced 6/22 adenomas and 1/22 adenocarcinoma of the thyroid;
in combination with BHT, MNU treatment resulted in 11/17 adenornas of the thyroid (p':
0.05) and 0/ 17 adenocarcinomas. BHT treatrnent alone produced no tumour of the thyroido
MNU or BHT alone failed to cause papillornas or carcinomas of the urinary bladder;
however, when MNU treatment was followed by BHT, 9/15 rats developed papilomas (p':
0.001) and 4/15 developed carcinomas (p .: 0.05) of the urinary bladder. MNU alone
produced papilornas (8/22) but no squamous-cell carcinoma of the forestomach; when
MNU was followed by BHT, the incidence of neither papilomas (7/17) nor squamous-cell
carcinornas (1/ 17) of the forestornach was augmented. BHT alone produced no tumour of
the forestornach (Imaida et al., 1984).

Groups of 20 male Fischer 344 rats, six weeks old, were given 20 mg/ kg bw 1,2-
dimethylhydrazine (DMH) in 0.9% saline or saline alone by subcutaneous injection once a
week for four weeks. One week after the last treatment with DMH, two groups were fed
basal diet containing 0 or 1.0% BHT for 36 weeks. At the end of this period, the animaIs in
the group treated only with DMH (controls) had 5/18 adenomas and 7/18 adeno-
carcinornas ofthe colon; animaIs treated with DMH and BHT had 4/19 adenornas and 9/19
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adenocarcinomas of the colon. Differences between the control and treated groups were not
significant (Shirai et al., 1985).

(ii) Prior or concomitant exposure

M ouse: Groups of 19-20 female Haj ICR mice, nine to ten weeks of age, were fed diets
containing 0.03% benzo( a )pyrene alone or with 1.0% BHT for 28 days, after which they were
maintained on basal diet until 28-40 weeks of age. The incidences of forestomach turnours
were 68% in animaIs fed benzo(a)pyrene only and 50% in those fed benzo(a)pyrene plus
BHT. Groups of nine to 12 female Aj HeJ mice, ni ne to ten weeks of age, were fed diets
containing 0.1 % benzo(a)pyrene alone or 0.1% benzo(a)pyrene plus 0.5% BHT for two
weeks. When 21 weeks old, the incidences of forestornach tumours were 100% in the group
receiving benzo(a)pyrene alone and 22% in that fed benzo(a)pyrene plus BHT (Wattenberg,
1972).

Groups of 30-40 male BALBj c mice, eight weeks of age, were fed diets containingO. 75%
BHT for 16 months either alone or concomitantly with 0.004% N-nitrosodiethylamine in the
drinking-water for seven weeks starting when the mice were IL weeks old. ln mice killed at
12 months of age, the incidence of lung tumours was 45% in those given the nitrosarnine
alone and 35% in those given nitrosamine plus BHT. At 18 months of age, the incidence was
100% in both groups (Clapp et al., 1974).

A group of 30 female Charles River CD-l mice, seven to ni ne weeks of age, received a
single topical application of 1 mg BHT 5 min before a single application of 2.56 j.g DMBA
on an area of shaved back skin, followed one week later by twice-weekly promoting
applications of 10 j.g 12-0-tetradecanoylphorbol13-acetate (TP A) for 20 weeks. A second
group of 30 mice received three applications of 1 rng BHT 6 h before, 5 min before and 6 h
after DMBA treatment, followed one week later by the sarne TP A treatment. Another
group received DMBA and TP A treatment only. At 28 weeks, the incidences of skin
papilomas were 57%, 35% and 82% in the three groups, respectively (Slaga & Bracken,
1977).

Groups of male Swiss-Webster mice, six weeks old, were given a single intraperitoneal
injection of 300 mgj kg bw BHT 1 h or one to seven days before intraperitoneal injection of
1 mgj g bw urethane. No effect on lung tumour incidence was observed compared to rnice
receiving urethane treatment only (Witschi et al., 1977). (These findings were confirrned in
subsequent studies (Witschi & Lock, 1979; Witschi, 1981).)

Groups of 100 male and 50 female BALBj c rnice, eight weeks of age, were fed diets
containing 0.75% BHT either alone or concomitantly with 0.004% N-nitrosodiethylarnine in
the drinking-water for seven weeks starting when the rnice were IL weeks of age. ln fernale
mice followed for up to 18 months of age, the incidence of squarnous-cell carcinomas of the
forestomach was 100% after nitrosamine alone and 77% in those given nitrosamine plus
BHT. The incidence of forestomach tumours in rna1es and the incidences of nitrosarnine-
induced lung tumours in mice of each sex were not affected by BHT (Clapp et al., 1978).

Groups of fernale CFLP rnice, 30-35 days of age, were given a single intraperitoneal
injection of 1000 rngj kg bw urethane. When 400 or 800 mgj kgbw BHT were administered
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for one to eight days (route unspecified) six or seven days before administration of urethane,
the multiplicity of lung tumours was increased: in mi ce given 800 mg/ kg BHT six days
before urethane, there were 2.46 tumours/ mouse versus 1.06 in mice given only urethane,
while in mice given 400 or 800 rng/ kg BHT seven days before urethane, there were 2.21 and
2.89, respectively, versus 1.36 (Bojan et aL., 1978).

Groups of 35-38 male and 27-28 female BALB/ c mice, eight weeks of age, were fed
0.75% BHT continuously; one group received 10 weekly subcutaneous injections of 20
mg/kg bw DMH beginning at IL weeks of age. At termination of the experiment, ten
months after the first injection of DMH, the incidence of colon neoplasms in males given
DMH was 75% and that in the group fed DMH plus BHT was 34%. No reduction occurred
in female mice (Clapp et al., 1979).

Rat: A group of 34 female Sprague-Dawley rats, seven weeks of age, received a single
dose of 12 mg DMBA by oral intubation; one group of 18 rats was treated 1 h previously
with 200 mg BHT. At 25 weeks of age, the incidence of mammary turnours was 80% in rats
treated with DMBA only and 28% in those pretreated with BHT (Wattenberg, 1972).

Groups of 10-20 male and 10-20 female Charles River CD rats, six weeks old, were fed
standard diet or a diet containing 0.66% BHT together with 0.0223% 2-acetylaminofluorene
(AAF) for 24 weeks (males) or 32 weeks (females). At 37 weeks, 7/10 (70%) males given
AAF and 4/20 (20%) males given AAF plus BHT had liver tumours; of the females, 2/ 10
(20%) given AAF and 6/20 (33%) of those given AAF plus BHT had mammary
adenocarcinomas. ln similar experiments with N-hydroxy-2-acetylaminofluorene, 60% of
males had liver tumours, reduced to 15% by the addition of BHT, and 70% of fernales had
mammary tumours, reduced to 35% by BHT. Similar data were obtained in male Fischer
344 rats with lower levels of carcinogens and BHT (Ulland et aL., i 973).

Groups of 25-50 male Fischer 344 rats, six weeks of age, were given weekly subcutaneous
injections of7.4 mg/ kg bw azoxymethane for ten weeks; one group was fed a diet containing
0.66% BHT starting two weeks before azoxymethane treatment and ending at the end of
azoxymethane exposure. Another group received the BHT diet for 12 weeks after the end of
azoxymethane administration. At 40 weeks of study, 87% of rats given azoxymethane alone
had tumours of either the gastrointestinal tract or ear duct. With concurrent administration
of BHT, the overall tumour incidence was decreased to 58%; the nurnber of gastrointestinal
tumours per animal was 1.0 in animaIs given azoxyrnethane plus BHT versus 1.4 in those
given azoxymethane alone, and the incidence of ear-duct tumours was 24% versus 52%,
respectively (Weisburger et al., 1977).

One group of ten rnale Sprague-Dawley rats was given weekly doses of 30 rng/ kg bw
DMH by stomach tube for the first ni ne weeks ofthe study (total, ten doses) and one group
of ten males was given DMH and fed a diet containing 0.66% BHT. At 23 weeks, the
incidence of rats with colon tumours and the multiplicity of tumours were the same in the
two groups (Barbolt & Abraham, 1979).

Groups of 30 female Sprague-Dawley rats, three weeks of age, were fed one of three
experimental diets differing in level or type of fat; each of the diets was fed with or without
0.7% BHT. At 50 days of age, sorne groups were given 10 mg DMBA by stornach tube.



BUTYLA TED HYDROXYTOLUENE 175

AnimaIs were monitored for development of mammary tumours up to 180 days of age. The
average numbers oftumours/ rat were: 2% linoleic acid diet, 2.20; the same plus BHT, 1.77;
20% corn oil diet, 3.25; the sa me plus BHT, 2.33; 18% coconut oil plus 2% linoleic acid diet,
2.39; the same plus BHT, 1.77 (King et aL., 1979).

Groups of27 or 42 young (110-140 g bw) male Sprague-Dawley rats were fed a basal diet
containing 0.05% 3'-methyl-4-dimethylaminoazobenzene with or without 0.5% BHT for
ni ne weeks, when the experiment was terminated. The incidences of hepatocellular carci-
nomas were 38/42 in rats fed the carcinogen alone and 3/27 in those fed carcinogen plus
BHT (Daoud & Griffin, 1980).

Groups of 16 female Sprague-Dawley rats (per cage), three weeks of age, were fed diets
containing 0.3% BHT; at 50 days of age, sorne groups received either 50 rng/ kg bw MNU
intravenously or 10 mg DMBA intragastrically alone or with the BHT diet. By 27 weeks,
rats given DMBA only developed a 100% incidence of marnmary tumours, whereas those
also given BHT had only a 54% incidence; with MNU there was no difference in mammary
tumour incidence (King et al., 1981).

Groups of 56 or 41 male Fischer 344 rats, IL weeks old, were fed diets containing 0.02%
AAF either alone or with 0.6% BHT for 25 weeks, when the ex periment was terminated. At
that time, the incidences of hepatocellular carcinomas were 17/56 in the group receiving
AAF only and 2/41 in the group receiving AAF plus BHT. ln the latter group, 17 animaIs
had bladder papillomas and three had carcinomas, whereas no such neoplasm occurred in
the group receiving AAF only (Williams et al., 1983). ln a subsequent study, it was reported
that proportional inhibition of liver carcinogenesis was seen with 0.03, 0.1, 0.3 and 0.6%
BHT. Bladder tumours occurred in the group receiving 0.03% BHT plus AAF, and the
incidence increased with the concentration of BHT in the diet (Maeura et al., 1984).

Groups of 21-60 female Sprague-Dawley rats, 50 days old, were given a single dose of
5 or 15 mg DMBA by intragastric intubation either alone or together with a NIH-07,
cereal-based diet containing 0.03, O. l, 0.3 or 0.6% BHT beginning 14 days before DMBA
administration and continuing for 14 days after. The cumulative incidence of mamrnary
tumours, adenocarcinomas and fibroadenomas was deterrnined 160 days after DMBA
administration. After 5 mg DMBA, aIl four doses of BHT inhibited mammary tumour
development; inhibition was approximately 50% in animaIs receiving 0.6% BHT. With 15
mg DMBA, only the high dose of BHT inhibited rnammary carcinogenesis significantly.
BHT also inhibited the induction of adrenocortical nodules. When 0.6% BHT was fed in
AIN-76A (semipurified, deficient in vitamin K) diet to rats given either 5 or 15 mg DMBA,
inhibition of carcinogenicity with the low dose was marginal and there was no inhibition
with the high dose (Cohen et al., 1984).

Groups of 25 female Sprague-Dawley rats, 50 days old, were given a single intragastric
dose of8 mg DMBA, and diets containingO.25 orO.5% BHT were fed beginning two weeks
before DMBA exposure and continuing until one week after. BHT treatment inhibited
mammary carcinogenesis: DMBA alone, 88%; DMBA plus 0.25% BHT, 68%; DMBA plus
0.5% BHT, 52% (McCormick et al., 1984).
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3.2 Other relevant biological data

(a) Experimental systems

The biological effects of BHT have been reviewed (WHO, 1974; Babich, 1982;
International Programme on Chemical Safety, 1983; Malkinson, 1983).

Taxie effects
The oral LD50 of BHT in rats was reported to be 890 mgj kg bw (Bär et al., 1977),

1700-1970 mgjkg bw (albino Wistar rats) (Deichmann et aL., 1955) and 2450 rngjkg bw
(Karplyuk, 1959). Approximate lethal doses were 940-2100 mgj kg bw in cats, 2100-3200
mgj kg bw in New Zealand rabbits and 10 700 mgj kg bw in guinea-pigs (Deichrnann et aL.,
1955).

(i) Lung

The pulmonary toxicity attributed to BHT has been summarized recently (Kehrer &
Kacew, 1985).

Intraperitoneal injection of 400 mgjkg bw BHT in corn oil to male Swiss Webster mice
produced perivascular oedema and necrosis of type 1 alveolar cells within three days. This
was followed by division of type 2 cells, which repopulated the alveolar wall (Adamson et
al., 1977), accounting for the proliferation of pulmonary cells reported by Marino and
Mitchell (1972). Feeding of 0.75% BHT in the diet to Aj J mice resulted in a significant
increase in the proliferation of sessile alveolar lung cells (Witschi & Doherty, 1984).

BHT -induced lung damage is associated with increases in lung weight, DN A synthesis
(Witschi & Saheb, 1974), RNA and protein synthesis (Saheb & Witschi, 1975), cyclic
guanosine monophosphate content (Kuo et al., 1978) and protein phosphorylation
(Malkinson, 1979). The metabolism of BHT to a lung-toxic species appears to be mediated
bya cytochrome- P450 system (Kehrer & Kacew, 1985). Mice of the ddY strain, aged seven
weeks, responded to an intraperitoneal injection of 400 mgj kg bw BHT with a significant
reduction in the glutathione content of the lung but not of the liver or kidney (Masuda &
Nakayama, 1984). BHT binds to rnouse lung tissue to a greater extent than to liver or kidney
tissue; and more is bound in mouse tissues than in rat (Kehrer & Witschi, 1980).

After intraperitoneal injection of BALBj c rnice, six to eight weeks old, with 400 mgj kg
bw BHT, a very slight increase in collagen fibres was seen occasionally in the interstitium of
the alveolar walls one year after exposure (Haschek et al., 1982). ln a chronic bioassay of
BHT in rats, focal alveolar histiocytosis occurred in the lungs of 5% of control males and
11% of control females. ln rats fed diets containing 0.3 or 0.6% BHT, histiocytosis occurred
in 8% and 14% of rnales and in 25% and 43% of females, respectively (National Cancer
Institute, 1979).

(ii) Other

Weanling male Norway hooded rats were fed diets containing 0.001,0.1 or 0.5% BHT
and 0, 10 or 20% lard for five weeks. An approximately 40% increase in serum cholesterol
levels occurred only in those fed the highest levels of BHT and lard. Serum phospholipid
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levels were also increased (Day et aL., 1959). Other studies have also revealed elevation of
serum cholesterol by BHT in Norway hooded (Johnson & Hewgill, 1961) and Sprague-
Dawley rats (Frawley et al., 1965). Intragastric administration of 500 mg/ kg bw BHT to
rhesus monkeys for four weeks did not alter serum cholesterollevels (Allen & Engblom,
1972).

Feeding of a diet containing O. 1 % BHT to N orway hooded rats for seven weeks reduced
the weight gain of males on a 20% lard diet but not that of males or females fed 10% lard.
Liver weight was significantly increased (Brown et aL., 1959).

Feeding of 1 % BHT to albino Wistar rats for 24 months increased the weights of the
brain and liver (Deichmann et al., 1955). Increased liver weight after feeding of BHT has
been reported in numerous publications (e.g., Johnson & Hewgill, 1961).

Feeding offemale Alderley-Park-SPF Wistar rats diets containingO.O l, O. 1,1.0 or 5.0%
BHT for up to 28 days produced a dose-related increase in the activity of liver aminopyrine
demethylase. Ultrastructurally, smooth endoplasmic reticulum in hepatocytes was increased
proportionally to dose, as determined using a differential point-counting technique. After
discontinuation of BHT, the content of srnooth endoplasmic reticulum returned to normal
within 10-20 days (Botham et al., 1970). Similar changes in srnooth endoplasmic reticulum
were reported by Lane and Lieber (1967).

Administration of 50 or 500 mg/ kg bw BHT by gastric intubation to rhesus monkeys for
four weeks produced no increase in liver weight or liver DN A, RN A or protein content. The
hepatocytes of monkeys given the high dose showed moderate proliferation of smooth
endoplasmic reticulum (Allen & Engblom, 1972).

Effects on reproduction and prenatal toxicity
The effects of BHT on reproduction and prenatal toxicity have been reviewed (WHO,

1974; Babich, 1982; International Programme on Chemical Safety, 1983).

Groups of four male and 24 female outbred albino mice were fed a diet containing O. i or
0.5% BHT and 10% or 20% lard from weaning for lifespan. They were allowed to mate and
produce offspring for approximately 18 months. The number of live-born progeny was
reduced by about 10% in the high-dose group, but no other sign of toxicity was observed in
the parents or offspring. ln particular, no case of anophthalrnia was observed in the 7765
offspring (Johnson, 1965).

Evans No. 1 rnice were administered 750 mg! kg bw BHT in arachis oil per day by gavage
throughout gestation (five dams), or before and throughout gestation (seven dams). Normal
litters were produced. Adrninistration of a single dose of 1000 mg/ kg bw BHT in arachis oil
to groups of two female Evans No. 1 mice throughout gestation resulted in no embryo-
toxicity and only one case of microphthalmia. Groups of ni ne to 20 ICI-SPF mice were
given 250, 300 or 500 mg/ kg bw BHT per day for seven weeks before conception and
throughout gestation. With 250 mg/ kg bw there was 33% rnaternal rnortality; aIl ten
survivors produced normal offspring. MaternaI survival was very low at the higher dosages
(Clegg, 1965). (The W orking Group noted the srnall number of animaIs used, the poor
selection of doses and the poor reporting of the study.)
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Walter Reed-Carworth rats fed 0.5% BHT on days 1 -22 of gestation produced Il litters;
no abnormal foetus was observed and there was no increase in resorption rates (Telford et
aL., 1962). Groups of Il rats (strain unspecified) were fed 0.0125,0.0625,0.313 or 1.55%
BHT in the diet throughout gestation. MaternaI weight loss and death of all foetuses were
observed in the group fed 1.55% BHT; animaIs fed lower concentrations produced normal
litters (Ames et aL., 1956). ln the offspring of groups consisting of one Tuck albino and six
Carworth SPF rats receiving a single dose of 1000 mg/ kg bw BHT In arachis oil on day 9, Il
or 13 of gestation, no significant embryotoxic or teratogenic effect was reported. (The
W orking Group noted the occurrence of skeletal anomalies that were not commented upon
by the author.) No abnormality was observed in the offspring of Tuck albino rats receiving
750 mg/ kg bw per day throughout gestation, in offspring of Tuck and Benger hooded rats
receiving the sa me dose for ten weeks before and throughout gestation, or in the offspring of
Benger hooded and Porton SPF albino rats receiving 500 mg/ kg bw BHT per day during
seven weeks before and throughout gestation (Clegg, 1965). (The W orking Group noted the
small number of animaIs per group, the inadequate selection of doses and the poor reporting
of results.)

ln long-term feeding experiments with BHT, groups of24 or 16 rnale and female Norway
hooded rats received 0.1 % BHT with 10% hydrogenated coconut oil for two years or O. 1 or
0.5% BHT with 10 or 20% lard for six months. Reproduction was impaired compared with
controls, and three of the 30 litters contained anophthalmic offspring (Brown et al., 1959).
(The W orking Group noted that data on the distribution of anophthalmic offspring among
the different treatment groups were not given.)

Groups of male and female Wistar SPF rats were fed 0 or 500 mg/ kg bw BHT per day in
the diet for 13 weeks before conception and throughout gestation and lactation. ln the
treated group, a reduction in weight gain was reported for the parent generation before and
during gestation. Number of offspring, birth weight and length of gestation were similar in
the two groups. Independently of prenatal exposure, offspring nursed by treated dams
(cross-fostering) had reduced weight gain, and several developrnental parameters were
adversely affected during the lactation period. These effects were attributed to a maternaI
influence (Meyer & Hansen, 1980). (The W orking Group did not find the evidence for
delayed development convincing.) ln a similar experiment, groups of male and female
Sprague-Dawley albino rats were fed 0.03, 0.1 or 0.3% BHT in a 20% fat diet until second
and third generations had been bred. A reduction in growth rate of 10-20% and a 20%
increase in serum cholesterol levels were observed in parents and offspring treated with
0.3%. No adverse reaction was reported in the groups fed 0.03 orO. 1 % (Frawley et aL., 1965).
Groups of male and female Sprague-Dawley rats were fed 0.125,0.25 or 0.5% BHT in the
diet (also containing 0.005% butylated hydroxyanisole) for at least two weeks before
mating; treatment of females was continued throughout gestation and lactation. A
reduction in maternaI and offspring weight gain was observed with the high dose, and a
dose-dependent increase in offspring mortality was seen with the high and medium doses.
No effect on behavioural development was detected after weaning (Vorhees et al., 1981).

(The W orking Group noted that no cross-fostering was performed to differentiate between
parentally transmitted effects and those occurring postnatally.)
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It was reported in an abstract that 14C-BHT administered to rats on day 10 of gestation
crossed the placenta and reached a maximum concentration in the foetus between 1 and 2 h
after the injection (route unspecified), which then declined rapidly (Shipp, 1973).

Absorption, distribution, excretion and metabolism

(i) Pharmacokinetics

After a single oral dose of 1 mg 14C-BHT to Alderley-Park-SPF albino Wistar rats, 24%
and 37% was excreted in the urine and 42% and 35% in faeces in males and females,
respectively (Daniel & Gage, 1965). ln BALB / c mice, 40% of an intragastric dose was taken
up by the tissues within 30 min by males, whereas only 10% was absorbed in females
(Daugherty et al., 1980).

ln male and female BALB/ c mice, a single intragastric dose was widely distributed to
various tissues within 30 min, primarily to the small intestine, squamous stomach, liver and
kidney; lung showed no greater accumulation than most other tissues (Daugherty et aL.,
1980). Similar findings were reported by Matsuo et aL. (1984).

ln BALB/ c mice, approximately 75% of a single oral dose was excreted in the urine
during the first 24 h; this was followed by a slower phase during which an additionallO%
was excreted over the next four days. The total amount found in the faeces was less than 1 %
(Daugherty et al., 1980). Female rats have greater urinary excretion of BHT than male rats
(Daniel & Gage, 1965; Tye et aL., 1965), whereas male BALB/ c mice excreted BHT rnore
rapidly than females (Daugherty et al., 1980).

Enterohepatic circulation of BHT has been reported in rats (Daniel & Gage, 1965;
Ladomery et al., 1967a). Feeding of a diet containingO.5% BHT to male and female rats for
up to 50 days resulted in average levels of 30 and 45 mg/ kg in fat and 1 and 3 mg/ kg in liver
in males and females, respectively. On cessation of treatment, the level in fat fell, with a
half-life of seven to ten days (Daniel & Gage, 1965).

The metabolism of BHT in rats has been studied extensively. The predominant
metabolic pathway involves oxidation of the 4-methyl group (Wright et aL., 1965; Daniel et
aL., 1968). The major metabolites are 3,5-di-tert-butyl-4-hydroxybenzoic acid, both free and
as a glucuronide, and S-(3,5-di-tert-butyl-4-hydroxybenzyl)-N-acetylcysteine, with minor
amounts of 3,5-di-tert-butyl-4-hydroxybenzyl alcohol, 3,5-di-tert-butyl-4-hydroxy-
benzaldehyde and 1,2-bis(3,5-di-tert-butyl-4-hydroxyphenyl)ethane (Daniel et aL., 1968;
Branen, 1975). Moreover, BHT -quinone methide (2,6-di-tert-butyl-4-methylene-2,5-cyclo-
hexadienone), a reactive metabolite, has been identified in the liver (Takahashi & Hiraga,
1979) and bile (Tajima et aL., 1981) of rats.

The concentration of glutathione in rat liver and in mouse lung decreased to about 50%
and 80%, respectively, of the control values 4-12 h after intraperitoneal administration of
400 mg/ kg bw to rats and 3000 mg/ kg bw BHT to rnice (Tajirna et al., 1984, 1985). It has
been demonstrated recently that BHT is converted to S-(3,5-di-tert-butyl-4-hydroxybenzyl)-
glutathione (BHT-glutathione) by rat-liver micros ornes in the presence of NADPH,
molecular oxygen and glutathione. Cytochrome P450 inhibitors, such as SKF-525A,
metyrapone and carbon monoxide, significantly inhibit BHT -glutathione formation,
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suggesting that BHT is converted by cytochrome P450 monooxygenases to a chemically
reactive metabolite - possibly BHT-quinone methide, which forms BHT-glutathione by
nonenzymatic conjugation with glutathione (Tajima et al., 1985). Previous studies with
14C-BHT showed that it is bound irreversibly to liver, lung and kidney macromolecules in
both mi ce (Kehrer & Witschi, 1980) and rats (Nakagawa et al., 1979a) following
administration in vivo. Furthermore, irreversible binding of BHT metabolites to rat lung
and liver micros 0 mes in vitro has been reported, which could be prevented by the addition of
thiol compounds such as glutathione and cysteine (Nakagawa et aL., 1979b).

The major metabolites of BHT in rat urine are (Fig. 1): 3,5-di-tert-4-hydroxybenzoic
acid (BHT-acid; III), both free (9% of the dose) and as a glucuronide (15%), and S-(3,5-di-
tert-butyl-4-hydroxybenzyl)-N-acetylcysteine (V; (amount unspecified)). The ester glucu-
ronide and mercapturic acid were major metabolites in rat bile, while free BHT -acid was the
main component in the faeces (Daniel et aL., 1968). ln addition, 1,2-bis(3,5-di-tert-butyl-4-
hydroxyphenyl)ethane has been identified in rat bile (Ladomery et al., 1967b).

Fig. 1. Metabolism of BHT in rats and humansa
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Metabolites produced in mice are similar to those produced in rats, except that the major
biotransformation in mice was by oxidation of tert-methyl groups (Matsuo et al., 1984).

ln rabbits, orally administered BHT was metabolized to 2,6-di-tert-butyl-4-hydroxy-
methylphenol, 3,5-di-tert-butyl-4-hydroxybenzoic acid and 4,4' -ethylenebis(2,6-di-tert-
butylphenol). The urinary metabolites comprised 38% of the administered dose as
glucuronides, 17% as sulphates and 7% as free phenols. U nchanged BHT was isolated from
the faeces but not the urine (Akagi & Aoki, 1962).

(ii) Effects on enzymes

As a consequence of the increases in the amounts of smooth endoplasmic reticulum
(Lane & Lieber, 1967; Botham et aL., 1970) and of cytochrome P450 in the liver (Kawano et
al., 1980), many associated enzyme activities are increased.These include aminopyrine
demethylase (Gilbert & Goldberg,. 1965; Botham et aL., 1970), biphenyl 4-hydroxylase
(Creaven et al., 1966), epoxide hydratase (Kahl & Wulff, 1979) and para-nitroanisole-O-
demethylase (Allen & Engblom, 1972; Halladay et al., 1980), sorne of which are also
increased in extrahepatic tissues. Other enzyme activities increased by BHT treatrnent
include plasma esterase (Tyndall et al., 1975), liver glutathione transferase (Awasthi et aL.,
1983) and liver y-glutamyl transpeptidase (Furukawa et aL., 1984).

BHT binds to cytochrome P450 in vitro (Yang et aL., 1974).

(iii) Modulation of the toxicity of BHT by other chemicals
Male BALB/ c mice, 20-30 g, were given a single intraperitoneal injection of 400 mg/ kg

bw BHT either alone or with intraperitoneal adrninistration of the enzyme inhibitors
SKF-525A (up to 50 mg/ kg bw) or piperonyl butoxide (up to 800 mg/ kg bw). Incorporation
of radioactive thymidine into pulmonary DNA, as evidence of regeneration following
injury, was greatly reduced by the enzyme inhibitors, indicating a protective effect (Kehrer
& Witschi, 1980).

Mice of the ddY strain, seven weeks of age, were given a single intraperitoneal injection
of 400 mg/ kg bw BHT either alone or following intraperitoneal administration of the
enzyme inhibitors diethyldithiocarbarnate (up to 300 rng/ kg bw) or carbon disulphide (up to
i 00 mg/ kg bw). Measurement of lung weight three and six days after exposure, as evidence
of pulmonary injury, showed that the enzyme inhibitors abolished the BHT-induced
increase in weight (Masuda & Nakayama, 1984).

The pulmonary toxicity of BHT in male ddY mice was assessed by measurement of wet
lung weight in relationship to body weight. When mi ce were kiled four days after an
intraperitoneal injection of 270 or 400 rng/ kg bw BHT, a 30-50% increase in relative lung
weight was observed. Later exposure to diethyl maleate, a glutathione-depleting agent, or
exposure to buthionine sulphoximine, an inhibitor of glutathione biosynthesis, enhanced
the effects of BHT by approximately three fold (Mizutani et al., 1984).

Several agents including oxygen (Haschek et al., 1982), X-radiation (Haschek et al.,
1980) and prednisolone (Hakkinen et aL., 1983) have been found to enhance greatly for at
least one year the development of pulmonary fibrosis in mice exposed to a single toxic
intraperitoneal dose of 300 or 400 mg/ kg bw BHT.
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(iv) Modulation of the toxicity of other chemicals by BHT
As a consequence of its effects on enzyme systems and possible antioxidant properties,

BHT modifies the toxicity of a variety of chemicals. Sorne examples are presented.

Feeding of 0.75% BHT to (C3HxI01)F¡ hybrid mice, 10-12 weeks old, reduced the
30-day mortality caused by a single intraperitoneal injection of various chemicals (ethyl-,
methyl- (females only), n-propyl- and isopropyl methanesulphonate, ethylene dibromide,
N-nitrosodiethylamine and cyclophosphamide) (Cumming & Walton, 1973).

Groups of seven-week-old female Sprague-Dawley rats were given 30 mg 7,12-
dimethylbenz(a)anthracene (DMBA) intragastrically either alone or 1 h after oral admin-
istration of 200 mg BHT. Adrenal necrosis was seen 72 h later in 29 j 30 rats given DMBA
only and in Oj 10 rats given DMBA plus BHT (Wattenberg, 1972).

Mutagenicity and other short-term tests
BHT (10 mgj dise) gave negative results in the Bacillus subtilus rec+j- assay (Kinae et aL.,

1981). It was not mutagenic to Salmonella typhimurium T A1535, T A1537, T A1538, T A98
or TA 1 00 when tested at up to 1000 ¡.gj plate in the presence of a metabolic system (S9) from
the liver of rats uninduced or induced with polychlorinated biphenyls (J oner, 1977; Bruce &
Heddle, 1979; Bonin & Baker, 1980; Kinae et aL., 1981).

Chromosomal aberrations were not induced in seeds of Crepis capilaris soaked in a
solution of 10 ¡.gjml BHT (Alekperov et al., 1975).

BHT did not induce sex-linked recessive lethal mutations, translocations or loss of X B
chromosome in Drosophila melanogaster when males were injected with 0.2 ¡.l of solutions
of 0.001% (Kamra, 1973; Prasad & Kamra, 1974). (The Working Group noted that the
authors interpreted these results as positive.). Sex-linked recessive lethal mutations and
translocations were not observed in D. melanogaster when males were injected with 0.4 ¡.l of
a 0.05% solution or fed 0.2% BHT for seven days (Mazar Barnett & Muñoz, 1980).

Similarly, Sankaranayanan (1983) observed no sex-linked recessive lethal mutation,
chromos omal translocation or dominant lethal mutation when male or female D.
melanogaster were raised in a medium containing 0.05% BHT.

BHT (tested at l, 5 and 10 ¡.gj ml) was reported to induce 8-azaguanine-resistant

mutants with low survival in Chinese hamster V79 cells in the presence of S9 frorn
uninduced mice (Paschin & Bahitova, 1984). ln the absence of S9, concentrations of up to
0.075 mgj ml BHT did not induce polyploidy or chromos omal aberrations in cultured
Chinese hamster lung cells (details not given) (Ishidate et al., 1980).

Following oral administration of 5 mg 14C-BHT to rats, radioactivity was bound to liver
DN A (N akagawa et aL., 1980). (The W orking Group noted that the effect was srnall and that
the adducts were not identified.)

Dominant lethal mutations were not induced when rnale ICRj Ha Swiss mice were given
a single intraperitoneal injection of 250-2000 mgj kg bw BHT and rnated for eight successive
weeks (Epstein et al., 1972).

When doses of up to 1000 mgj kg bw BHT were administered intraperitoneally to
C57BLj 6 X C3Hj He mice for five successive days, no increase in micronuclei in bone
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marrow was observed in mice sacrificed on day 5 (4 h after the last injection), while sperm
abnormalities were observed in animaIs sacrificed on day 40 (Bruce & Heddle, 1979).

(The W orking Group was aware of reports of experiments in which the intention was to
study the modulating effects of BHT on the activity of carcinogensj mutagens and in which
treatment with BHT alone served as a control. Most of these reports could not be used to
evaluate the mutagenic or related effects of BHT alone.)

Almost all studies (see Table 3) on the modulating effects of BHT on the mutage nie and
related effects of known carcinogensj rnutagens have been directed toward determining its
effect on the metabolism of the test chemicals. The methods employed for this purpose can
be separated into four groups: studies on the effects of BHT on

(A) directly-acting chemicals - BHT and a test chemical were added directly to an
in-vitro assay system;

(B) exogenous metabolic system - BHT and a test chernical were added to an in-vitro
assay system containing an exogenous metabolic system;

(C) in-vivo metabolic system - a BHT-induced metabolic systern was added to an
in-vitro assay with a test chemical; and

(D) test chemicals in test organisms - BHT was administered to test organisms in
vitro (systems not requiring an exogenous metabolic systern) or in vivo, prior to or
simultaneously with a test chemical.

(b) Humans

Taxie effects

No data were available to the W orking Group.

Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
When two rnale volunteers were administered a single oral dose of 40 rng 14C-labelled

BHT, about 50% of the radioactivity appeared in the urine within 24 h, and a total of 75%
was excreted in the urine by the end of the observation period (Daniel et al., 1967). Most was
excreted as the glucuronide of a metabolite in which the 4-methyl group and one tert-butyl
methyl group were oxidized to carboxyl groups and another tert-butyl rnethyl group was
oxidized probably to an aldehyde. Free and conjugated BHT-acid (III, Fig. 1) were rninor
urinary components, and the mercapturic acid (V) was virtually absent (Daniel et aL., 1968).

Mutagenicity and chromosomal effects
No data were available to the W orking Group.
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Table 3. Results from short-term tests: modification of the effects of carcinogens/mutagens by BHTa ~

Test Test organisml Study designb Combination with Reported result Comments References
assay (Exogenous metabolic carcinogenl mutagen

systeme)

PROKAR YOTES

DNA damage Calfthymus DNA C (BHT-PMS) Aflatoxin Bi No effect Fukayama & Hsieh
(binding) (1984)

B (PB-R-Micr) Aflatoxin Bi Reduction Bhattacharya et al.

(1984)
-
~

Exogenous DNA B (rabbit, sheep seminal 2- Amin 0-4-( 5-ni tro- 2- Reduction Mattammal et al. :;
(binding) vesical Micr, bladder, ¡¡ver furyl)thiazole

(1981, 1982)
n

and kidney Micr) s:0
Ca If thymus DNA B (PBl3MC-rabbit- (-)trans-7,8-Dihydro- No effect Belvedere et aL. (1980) Z
(binding) Cyt-P450 and PBl3MC- xy-7,8-dihydrobenzo- 0

rabbit-Micr) (a)pyrene a
::

Haemophilus in- A Sodium nitrite Enhancement Thomas et al. (1979) ~
fluenzae (transfor- ."
mation EryR) ::

C/
Mutation Salmonella typhi- A y-radiation No effect Strain TAIOO Ben-Hur et al. (1981) ~

murium (his -l his +) A Methyl methane sui- No effect Strains T A98, McKee & Tometsko
0
t'

phonate TAIOO, TA1537 (1979) c:
2,4-Dinitro- 1 -fluoro- No effect and TA1538 s:
benzene t'

~
2,4- Dinitrophenyl No effect 0
hydrazine
9-Aminoacridine No effect

B (liver-PMS) Benzo( a )pyrene Reduction Strains T A1538 McKee & T ometsko
l-Aminoanthracene Reduction and T A98 (species (1979)
2-Aminoanthraquinone Reduction and inducer of
Proflavine dihydro- Reduction metabolic system

chloride not stated)
Homidium bromide Reduction

B (Aro-R-PMS) Aflatoxin Bi Enhancement Strains T A98 and Shelef & Chin (1980)
T AIOO



Table 3 (contd)

ReferencesTest Test organisml
assay

Study designb

(Exogenous metabolic
systemc)

Combination with Reported result
carcinogenl mutagen

Comments

GREEN PLANTS

Mutation

Chromosomal
effects

B (ß-Naphthoflavone-R-
PMS)

B (Aro-R-PMS)

C (BHT-R-PMS)

B (3MC-R or M liver
nuclei prep.)

B (Aro-R-PMS)

C (BHT-R-PMS)

C (BHT-R-PMS)

Hordeum vulgare D (seeds)
(chlorophyll mutants)
Hordeum vulgare 0 (seeds)
(aberrations)

A//um cepa D (seeds)
(aberrations)
Crepis capilaris L. 0
(aberrations)

Benzo(a)pyrene (BP)
6-Methyl-BP
lO-Methyl-BP

3,2'-Dimethyl-4-
aminobiphenyl

3,2'-Dimethyl-4-
aminobiphenyl

N-Hydroxy-2-acetyl-
aminofluorene

Quinoline
Aflatoxin Bi

Reduction
Reduction
Reduction

Reduction

Reduction

Reduction

Reduction

Reduction

Benzo(a)pyrene No effect
2-Aminofluorene Enhancement
2-Acetylaminofluorene Enhancement

Propane sultone

Propane sultone

X-rays

'Y-rays
Ethyleneimine

Enhancement

Enhancement

Enhancement

Reduction
Reduction

Strain T A98 Calle et aL. (1978);

Calle & Sullvan
(1982)

Reddy et al. (1983a,b)Strains T A98 and
TA 100

Strains T A98 and
TA 100

Strain T A1538

Reddy et aL. (l983a,b)

Sakai et al. (1978)

Strain TAlOO

Strain T A98

Hollstein et al. (1978)

Fukayama & Hsieh
(1984)

Strain T A98; 0.5% Ponder & Green
BHT in diet for 6 (1985)
days; rats fed a diet
with unsaturated or
hydrogenated fats

Treatment of seeds Kaul & Tandon

(198 1 )

Treatment of seeds Tandon & Kaul
(1979); Kaul &
Tandon (1981)

Treatment of seeds Kaul (1979)

Treatment of seeds Alekperov et al.
(1975, 1976)

o:
c:
--~
t"
;i
--
tT
o
::~
o
¡ro
~
~
"'o
t"
c:
tT
Z
tT

00
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Table 3 (contd)

Test Test organisml Study desigé Combination with Reported result Comments References
assay (Exogenous metabolic carcinogenl mutagen

systeme)

INSECTS

Mutation Drosophila D ")-rays Enhancement (The Working Group Prasad & Kamra
melanogaster noted the very low (1974) ..
(sex-linked recessive dose of 0.2 j.i of ~
lethals) 0.001% BHT used.) :;

(j
D Ethyl methane- Reduction Ives & Demick ~

sulphonate (1974) 0
Z

D X-rays Reduction Mazar Barnett & 0
Muñoz (1980) C)

:;
D X-rays Reduction Reduction in Sankaranarayanan ~

'iDiepoxybutane Reduction spermatids but not (1983) :i
N-Nitrosodiethylamine Reduction in autosomal v:

recessive let haIs ~0
D Ethyl methanesulph- Enhancement Mazar Barnett & t"

c:onate Muñoz (1983) ~Diethyl sulphate Enhancement tT
Chromos omal Drosophila (The Working Group

.iD ")-rays Enhancement Kamra (1973) 0
effects melanogaster noted the very low

(translocations) dose of 0.2 j.I of
0.001% BHT used.)

D X-rays No effect Ives & Demick (1974)

Drosophila D ")-rays No effect (The W orking Group Prasad & Kamra
melanogaster noted the very low (1974)
(chromosome loss; dose of 0.2 j.I of
loss of ring X B 0.001% BHT) used.)
chromosome)



Table 3 (contd)

Test Test organism/ Study designb Combination with Reported result Comments References
assay (Exogenous metabolic carcinogen/ mutagen

systeme)

Drosophila D X-rays No effect Mazar Barnett &
melan ogas ter Muñoz (1980)
(translocation,
dominant let hais) t:
Drosophila D X-rays No effect Sankaranarayanan c:

--melanogaster (1983) ~.
(X chromosome loss, t"

;idominant lethals) --
Drosophila D X-rays Reduction Reduction in Sankaranarayanan tT

0melanogaster spermatids only (1983) ::
(translocations) ~

MAMMALIAN CELLS lN VITRO 0
~

DNA da mage Chinese hamster A Ultraviolet light No effect Goodman et al. a
~V79 (unscheduled (254 nm); N-acetoxy- (1976) ~DNA synthesis) 2-acetylaminofluorene --aR uman bronchial D Benzo( a )pyrene Reduction Harris et al. (1976) t"

cells (binding to c:
tTDNA) Z

Ruman lymphocytes D Ultraviolet light Reduction Daugherty et al. tT

(unscheduled DNA (254 nm) (1978)
synthesis)

NIR Swiss mouse D 7,12-Dimethylbenz(a)- Reduction Shoyab (1979)
epidermal cells in anthracene
culture (binding to
DNA)

Ruman colonie D i ,2-Dimethylhydra- Reduction Autrup el al. (1980)
tissues, primary zine
culture (binding
to DNA) -

00-.
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Table 3 (contd)

Test Test organismj Study designb Combination with Reported result Comments References
assay (Exogenous metabolic carcinogenj mutagen

systeme)

Human skin B AfIatoxin Bi Reduction Wei et al. (1981)
fibroblasts N-Nitrosodimethyl- Reduction
(unscheduled ONA amine
synthesis)

NIH Swiss mouse 0 7,12-0imethylbenz- No effect Sawicki & Oipple ..
~embryo cell culture (a)anthracene (1983 ) ~

(binding to ON A) (j
Mutation Chinese hamster V79 B (SHE) Benzo( a )pyrene Reduction Katoh et al. (1980) ~

(ouabain resistance) 0
Z

Chinese hamster V79 B (M-PMS) Benzo( a )pyrene Reduction Paschin & Bahitova 0
(8-azaguanine (1984) 0

~resistance) ~
Chromosomal Human lymphocytes 0 7,12-0imethylbenz- Reduction (The W orking Shamberger et al. "t

::effects (aberrations) (a Jan thracene Group noted the (1973) í/
high number of ..
aberrations in the 0

t'negative contro!.) c:
0 12-0- Tetradecanoyl- Reduction Emerit et al. (1983) ~

phorbol 13-acetate tT
.t0

MAMMALIAN CELLS lN vivo
ONA damage Sprague-Oawley rat 0 2-AcetylaminofIuorene Reduction Goodman et aL.

(binding to Iiver (1976)
ONA)

CO- 1 mice (binding 0 Benzo( a )pyrene Reduction Slaga & Bracken
to ON A from skin) 7, 1 2-0imethylbenz- Reduction ( 1977)

(a )anthracene

Sprague-Dawley rat D 1,2-Dimethylhydrazine No effect Bull et al. (1981)
(()-methylguanine in
DN A from colon)



Table 3 (contd)

Test organismj
assay

Combination with
carcinogenj mutagen

Reported result Comments ReferencesTest Study designb

(Exogenous metabolic
systeme)

CD rat (binding to D
liver DNA)

NIH Swiss mouse D
(binding to DNA in
skin)

BALBj c mouse D
(binding to DNA in
stomach and ¡¡ver)

Sprague-Dawley rat, D

lactating females
(binding to liver
nuclear DN A)

CELL TRANSFOR- C3Hj IOTlj2 mouse D
MAnON embryo fibroblasts,

clone 8 (morpholo-
gical transformation)

N-2-Acetylamino- Reduction
fluorene (AAF)
N-OH-N-2-AAF

7, 1 2-Dimethylbenz(a)- No effect
anthracene

Grantham et aL. (1973)

Dipple et al. (1984)

N-Nitrosodiethylamine Reduction Daugherty (1984)

Aflatoxin Bi Reduction Fukayama et al. (1984)

3-Methylcholanthrene Enhancement Djurhuus & Lillehaug
(1982)

aThis table comprises selected assays and references and is not intended to be a complete review of the literature.

bStudies are designed to investigate the effects of BHT on: A, directly-acting chemicals; B, exogenous metabolic system; C, in-vivo metabolic system; D, test chemicals in test

organisms; see text for explanations.
cBHT, BHT-induced; PMS, postmitochondrial supernatant; PB, phenobarbital-induced; R, rat; Micr, microsomes; CytP450, purified cytochrome P450; Ara,

Aroclor-induced; 3MC, 3-methylcholanthrene-induced; M, mouse; SHE, Syrian hamster embryo ce Ils

t:
c:
"'~
t"
~
"'
tT
t:
:i~
t:
:;o
~~
"'o
t"
c:
tT
Z
tT

-
00
\0
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3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Butylated hydroxytoluene (BHT) has been used since 1947 as a common antioxidant in
rubber and petroleum products and, more recently, in plastics. It has been used since 1949 as
an antioxidant in many fat-containing foods, in edible fats and oils and in cosrnetics. There
is thus widespread human exposure to this compound.

4.2 Experimental data

Butylated hydroxytoluene was tested for carcinogenicity in mice and rats by oral
administration in the diet. ln one study in rnice, there was no difference in turnour incidence
among treated and control groups. Another study in mice showed an increased incidence of
pulmonary tumours in females at the lower but not at the higher dose leveL. ln another study
in mi ce using one dose level and a small number of anirnals, the nurnber of rnice with lung
tumours was increased by feeding of butylated hydroxytoluene; this finding was not
confirmed in a further study by the same investigator using a larger number of animaIs. ln
one study in rats, no increase in tumour incidence was seen. An increased incidence of
pituitary adenomas was observed in female rats at the lower but not at the higher dose level
in another study. ln one further ex periment in rats, liver tumours were observed; however,
this study could not be evaluated because of differential survival arnong control and treated
groups.

Butylated hydroxytoluene was studied in mice and rats for its ability to modify the
carcinogenicity of selected chemical agents. When administered with known carcinogens,
butylated hydroxytoluene either enhanced, inhibited or had no effect on carcinogenicity
(see also the 'General Remarks on the Substances Considered', p. 38).

No adequate data were available to evaluate the reproductive effects or prenatal toxicity
of butylated hydroxytoluene to experimental animaIs.

ln mice, a single intraperitoneal dose or feeding of butylated hydroxytoluene can cause
pulmonary alveolar cell necrosis and proliferation. Butylated hydroxytoluene also induces
proliferation of smooth endoplasmic reticulurn in rat-liver cells, leading to hepatomegaly.

Butylated hydroxytoluene did not induce DNA darnage in Bacillus subtils or mutation
in Salmonella typhimurium. It did not induce chrornosomal aberrations in plants or
mutation or chromos omal aberrations in Drosophila melanogaster. ln one study, it was
reported to be mutagenic to cultured Chinese hamster cells in the presence of an exogenous
metabolic system. Binding of butylated hydroxytoluene to the DNA ofliver of rats treated
in vivo has been reported. It did not induce rnicronuclei In bone rnarrow or dorninant lethal
mutations in mice. It induced sperm abnorrnalities in rnice.
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When tested in combination with other chernicals (usually, known mutagens or
carcinogens), butylated hydroxytoluene often modified the DNA-damaging, mutagenic
and c1astogenic activities. ln most studies, butylated hydroxytoluene reduced the activity of
indirectly-acting mutagens or carcinogens.

Overall assessment of data from short-term tests: Butylated hydroxytoluenea

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes - -
Fungij Green plants -
Insects - -
Mammalian cells
(in vitro) ?

Mammals
(in vivo) ? -
Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Inadequate Cell transformation:
No data

OThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.

4.3 Human data

No data were available to evaluate the carcinogenicity of butylated hydroxytoluene to
humans.

4.4 Evaluationl

There is limited evidence for the carcinogenicity of butylated hydroxytoluene in
experirnental animaIs.

No evaluation could be rnade of the carcinogenicity of butylated hydroxytoluene to
humans.

IPor definition of the italicized term, see Preamble, p. 18.
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POTASSIUM BROMATE

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 7758-01-2

Chem. Abstr. Name: Bromic acid, potassium salt
lUPAC Systematic Name: Potassium bromate
Synonym: EEC No. E924

1.2 Structural and molecular formulae and molecular weight

o
Il

K+ Br-O-
Il

o

KBr03 MoL. wt: 167.01

1.3 Chemical and physical properties of the pure substance

(a) Description: White crystals, crystallne powder or granules (Hawley, 1981;
Windholz, 1983; Sax, 1984; American International Chemical, Inc., undated)

(b) Melting-point: Approximately 350°C (Windholz, 1983; Sax, 1984)

(c) Density: 3.27 (Sax, 1984; Weast, 1985)

(d) Spectroscopy data: Infrared spectral data (Sadtler Research Laboratories, 1967
(YI07Ka)) have been reported.

aSpectrum number in Sadtler compilation

-207-
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(e) Solubilty: Soluble in water (7.5 g/100 ml at 25°C; 49.8 g/ 100 ml at 100°C) (E.B.

Knight, Inc., 1975; Weast, 1985); slightly soluble in ethanol; almost insoluble in
acetone (Windholz, 1983; Weast, 1985)

(j Stability: Decomposes at temperatures above 370°C with the evolution of oxygen

and toxic fumes containing potassium oxide and potassium bromide (Windholz,
1983; Sax, 1984)

(g) Reactivity: Strong oxidizing agent; reacts vigorously with organic matter with

reduction to bromide; also oxidizes sorne metals (Al, Cu) and sorne non-metals (As,
P, Se, S) (Hawley, 1981; Sax, 1984)

1.4 Technical products and impurities

The Food Chemicals Codex (National Research Council, 1981) specifies that food-
grade potassium bromate assay at not less than 99.0% and not more than 10 1.0% of
potassium bromate after drying. Allowable limits of irnpurities present in the food-grade
product are 3 mg/ kg arsenic (see IARC, 1982) and 10 mg/ kg heavy metals (as lead; see
IARC, 1982).

Commercial potassium brornate from major producers may contain up to 0.02-0.05%
bromides, 0.001 -0.0 1 % sulphates and 20 mg/ kg iron. It is available in crystalline or powder
form, and in mixtures with 5% magnesium carbonate or 50% calciurn carbonate
(AmeriBrom, Inc., undated; American International Chemical, Inc., undated; E.B. Knight,
Inc., undated).

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Potassium bromate can be produced by passing bromine through a solution of
potassium hydroxide (Hawley, 1981). However, the compound is rnanufactured mainly by
large-scale industrial electrolytic processes.

The largest primary producer of potassium brornate, with an annual capacity of 4.5
milion kg, is located in Israel (Anon., 1983). Italy, the Netherlands and the UK each have
one rnajor producer of potassiurn bromate; the Federal Republic of Germany and Spain
each have two potassium brornate manufacturers.

The US receives the majority of its potassium brornate from a domestic firm with the
parent plant in IsraeL. Two other US firrns are also reported to produce commercial
quantities of potassium bromate.

ln Japan, eight firrns are reported to produce potassiurn brornate (The Chernical Daily
Co., 1980).
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(b) Use

Potassium bromate is used primarily as a maturing agent for flour and as a dough
conditioner in bread-making (AmeriBrom, Inc., undated). It has been used in the UK as a
flour constituent for approximately 50 years (Fisher et al., 1979). ln 1974, the use of
potassium bromate was reported to be widespread in Australia, Canada, the UK and the
USA (Thewlis, 1974).

Potassium bromate is used in Japan in fish-paste products (Kurokawa et al., 1983a). It is
also a component of food for yeast (Kulp & Hepburn, 1978) and is used in the malting of
beer (Sfat & Doncheck, 1981; WHO, 1983). It may be used in the manufacture of cheese
(AmeriBrom, Inc., undated).

Potassium bromate also has several non-food uses. ln analytical chemistry, it is used as
an oxidizing agent (Hawley, 1981), a primary standard and a brominating agent (Stenger,
1978). It is also a component ofhome permanent-wave neutralizingcompounds (Gosselin et
al., 1985).

(c) Regulatory status and guidelines

The US Food and Drug Administration (1984) requires that brominated flour contain
no more than 50 mg/ kg potassium bromate. This standard is also adhered to in Japan and
the UK (Ito, 1982), although a maximum of 15 mg/ kg bromate has been suggested in the UK
recently (British Industrial Biological Research Association, 1985).

The US Food and Drug Administration (1984) allows the use of potassium bromate in
the malting of barley for the production of fermented beverages or distiled spirits. The
amount of bromate in the malt may not exceed 75 rng/ kg and the total of inorganic brornide
residues in the fermented rnalt beverages from all sources, including the treated rnalt, is
limited to 25 mg/ kg of bromide. No bromide tolerance is established for distilled spirits,
because of evidence that bromides do not pass over in the distillation process.

The Joint F AO / WHO Expert Committee on Food Additives (WHO, 1983) recomrnends
temporarily a maximum level of potassium brornate used to treat flour of 75 rng/ kg,
provided that bakery products prepared from such treated flour contain negligible residues
of potassium bromate.

The American Industrial Hygiene Association (1981) has recommended that workplace
environmental exposures to potassium bromate dust in air not exceed 5 mg/ m3 as an
eight-hour time-weighted average.

2.2 Occurrence

(a) Naturaloccurrence

Potassium bromate is not known to occur as a natural product.

(b) Occupational exposure

ln a production plant, eight-hour average concentrations of 0.9-34 rng/ m3 potassium

brornate have been measured. During packaging, area concentrations were in excess of 100
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mg/ m3, requiring the use of dust respirators (American Industrial Hygiene Association,
1981).

(c) Food and beverages

Potassium bromate is added to flour to enhance the maturing process, normally at a
level of about 15 mg/ kg, with a range of 5-45 mg/ kg (Furia, 1980). Optimallevels for bulk
fermentation of dough are up to 20 mg/ kg. Bulk ferrnentation, however, has been replaced
in many cases by mechanical processes which reduce total fermentation time by more than
two-thirds; for these processes, the bromate level in dough is usually increased to about 45
mg/ kg (Thewlis, 1974). Food for yeast, used in quantities ranging from 0.25 to 0.50% of the
flour weight, typically contains about 0.3% potassium bromate (Kulp & Hepburn, 1978).

Bushuk and Hlynka (1960) demonstrated that potassium bromate present in flour at
levels from 5 to 80 mg/ kg could not be detected in bread throughout baking periods of 25
min; higher concentrations can result in the presence of unchanged bromate remaining in
the finished bread (Thewlis, 1974). Concentrations of ,:50 mg/ kg potassium bromate in
flour are completely converted to potassium brornide during bread-making (Lee &
Tkachuk, 1960; Thewlis, 1974).

Hidaka et al. (1983) measured residual levels of potassiurn bromate of .: 1 mg/ kg in
fish-paste products when ,:350 mg/ kg of potassium bromate had been added to the
ingredients prior to processing. Higher levels, however, have been reported in finished
products. Watanabe et al. (1982) reported 10.1 mg/ kg bromate in a sample of chikuwa fish
pas te; and Abe et al. (1981) analysed sam pIes of several different kinds offish-paste products
and found concentrations ranging from about 10 mg/ kg to more than 100 mg/ kg.

(c) Other

Potassium bromate has been used as a neutralizer in horne permanent-wave kits at
concentrations of 10-25% (Gosselin et aL., 1985). Due to a nurnber of cases of accidental
poisoning in children after ingestion of such solutions, N orris (1965) indicated that most
manufacturers had replaced potassium bromate with less toxic substances. Potassiurn
bromate is stil used for this purpose, however, in sorne countries (Matsumoto et al., 1980;
Gradus et aL., 1984; Kuwahara et aL., 1984).

2.3 Analysis

Several iodometric titration rnethods are suit able for the analysis of potassiurn bromate.
Potassium brornate in bread and other food products has been determined by extraction
and iodometric titration with thiosulphate or cysteine hydrochloride, titration to a
starch/iodine endpoint (WHO, 1964; Barrett et al., 1971; Barakat et al., 1973) or back-
titration Of excess thiosulphate with iodate using calomel and a platinum electrode (Thewlis,
1974).

Watanabe et al. (1982) reported a rnethod for determining bromate in bread and
fish-paste products, with adetection lirnit of i -2 rng/ kg, involving aqueous extraction,
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separation of bromate from interfering ionic species by ion chrornatography, and
quantification by ion chromatography with electrochemical detection.

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

3.1 Carcinogenicity studies in animais

(a) Oral administration

Mouse: Groups of 60 male and 60 female Theiller's original strain mice (age unspecified)
were fed diets composed of 79% bread crumbs made from flour that was either untreated,
treated with 50 mg/ kg (low dose) or 75 mg/ kg (high dose) potassium bromate (containing
10% crystalline potassium bromate with unstated inorganic diluents; Fisher et al., 1979) for
80 weeks, at which time the experiment was terminated. Mortality at the end of the study
period was 62-65% in males and 48-57% in females; mortality was not reported to be
treatment-related. Malignant tumours occurred in various tissues in 1/35 rnales and 4/53
females in the control group, in 1/46 males and 0/54 females in the low-dose group, and in
0/53 males and 4/52 females in the high-dose group (Ginocchio et al., 1979). (The W orking
Group noted that, during the baking of bread, bromates are substantially degraded.)

Rat:Groups of 90 male and 90 female Wistar weanling rats were fed diets composed of
79% bread crumbs made from flour that was either untreated or treated with 50 mg/ kg (low
dose) or 75 mg/ kg (high dose) potassium bromate (containing 10% crystallne potassium
bromate with unstated inorganic diluents) for 104 weeks. Survival at the end of the study
period was :?60% in males and :?50% in females; mortality was not treatment-related.
Malignant tumours occurred in various tissues in 4/88 males and 6/89 females in the control
group, in 6/90 males and 3/89 females in the low-dose group, and in 4/88 rnales and 3/88
females inthe high-dose group (Fisher et al., 1979). (The W orking Group noted that, during
the baking of bread, bromates are substantially degraded.)

Groups of 52-53 male and 52-53 female Fischer 344 rats, eight weeks of age, were
administered 0,250 or 500 rng/ l potassium bromate (purity, :?99.5%) in the drinking-water
for 110 weeks (total doses: low-dose males, 9.6 g/ kg bw; high-dose males, 21.3 g/ kg bw;
low-dose females, 9.6 g/ kg bw; and high-dose fernales, 19.6 g/ kg bw). A greater than 2%
reduction in body-weight gain was observed in high-dose anirnals, especially in rnales.
Survival rates were decreased in high-dose male rats but were sirnilar in all other groups. The
first tumours were a renal-cell tumour and an oligodendrogliorna of the spinal cord in a rnale
rat at week 14, and leukaernia in a fernale at week 58. Treatrnent-related increases in the
incidence of tumours of the kidney were as follows: renal adenocarcinornas - rnales:
controls, 3/53 (6%); low-dose, 24/53 (45%, p -: 0.001); high-dose, 44 /52 (85%, p -: 0.001);
and females: controls, 0/47; low-dose, 21/50 (40%,p -: 0.001); high-dose, 36/49 (69%, p-:

0.001); and renal adenomas - males: controls, 0/53; low-dose, 10/53 (19%, p -: 0.01);
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high-dose, 5/52 (10%, p -: 0.01); and females: controls, 0/47; low-dose, 8/50 (15%, p-:
0.01); high-dose, 9/49 (17%, p -: 0.01). These reported incidences were based on seriaI
sections of the entire kidney. An increase in the incidence of mesotheliomas of the
peritoneum was also observed in treated males: controls, 6/53 (Il %); low-dose, 17/52 (33%,
p -: 0.05); and high-dose, 28/46 (59%, p -: 0.001). No such tumour occurred in female rats.
ln female rats, the incidence of benign and malignant thyroid tumours was 3/52 controls,
1O/5210w-dose, and 12/52 high-dose (trend test, p -: 0.01). ln male rats, the incidence of
benign and malignant tumours of the thyroid did not differ among groups (controls, 10/53;
low-dose, 14/53; high-dose, 15/52) (Kurokawa et al., 1983a). (The same data were reported
by Kurokawa et al. (1982) and Ohno et al. (1982).)

(b) Skin application

M ouse: Groups of 19 and 20 female Sencar mice, six weeks of age, received either a single
application to the skin of 20 nmol 7,12-dimethylbenz(aJanthracene in 0.2 ml acetone

. followed one week later by weekly applications of 0.2 ml of a 40 mg/ ml solution of
potassium bromate for 51 weeks, or weekly applications of 0.2 ml potassium bromate
solution alone for 51 weeks. No skin turnour was found in either group (Kurokawa et al.,
1984). (The Working Group noted that ionic compounds such as potassium bromate are
poorly absorbed through the skin and that 12-0-tetradecanoylphorbol 13-acetate and

benzoyl peroxide showed promoting activity when 7,12-dimethylbenz(a)anthracene was
used as the initiator.)

(c) Administration with known carcinogens

Rat: Groups of male Fischer 344 rats, seven weeks of age, were administered drinking-
water as either distilled water alone for 26 weeks (group 1); 500 or 1000 mg/ l N-nitrosoethyl-
N-hydroxyethylamine (NEHEA) in distilIed water for two weeks folIowed by distiled water
for 24 weeks (groups 2 and 3); 500 or 1000 mg/l NEHEA in distiled water for two weeks
folIowed by 500 mgll potassium bromate (99.5% pure) in distilIed water for 24 weeks
(groups 4 and 5); or distiled water for two weeks followed by 500 mg/l potassium bromate
in distiled water for 24 weeks (group 6). AlI animaIs were kiled at the end of the 26 weeks.
The incidences of renal-cell tumours were: group 1 (controls), 0/19; group 2, 4/23 (17%);
group 3, 9/22 (41%); group 4, 10/20 (50%); group 5, 9/19 (47%); and group 6, 0/20.
Incidences of dysplastic foci of the renal tubules were: group 1,2/19 (11%); group 2, 15/23
(65%); group 3, 17/22 (77%); group 4,19/20 (95%;p -: 0.05 in cornparison with group 2);
group 5,19/19 (100%); and group 6, 7/20 (35%) (Kurokawa et al., 1983b).

ln a subsequent study, the enhancing effect of a broad range of doses (15-500 mg/1) of
potassium bromate was studied when given after 500 rng/l NEHEA in the drinking-water
for two weeks. With NEHEA alone, the incidence of renal-celI tumours was 3/15 (20%).
When given with 500 mg/l potassium brornate, a non-statistically significant increase in the
incidence of renal-cell tumours was observed (8/ 15,53%). Enhancement of dysplastic foci
was observed with doses of 30 mgll and above (Kurokawa et al., 1985). (The authors
concluded that potassium brornate had an enhancing effect on the induction by NEHEA of
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'dysplastic' foci and kidney tumours. The Working Group noted, however, that studies on
potassium bromate alone were of too short a duration to evaluate the carcinogenicity of this
chemical, that the differences in the incidences of lesions in kidneys in appropriate groups of
animaIs exposed to NEHEA with or without subsequent exposure to potassium bromate
were not large, and the p values suggest borderline significance.)

3.2 Other relevant biological data

The literature on bromates and bromides is extensive. The W orking Group confined its
review to reports dealing primarily with potassium bromate. The biological effects of
potassium bromate have been reviewed (WHO, 1964; International Programme on
Chemical Safety, 1983).

(The W orking Group noted that in experiments in which animaIs were fed bread rnade
from flour treated with potassium bromate, the bromate at the levels tested would have been
converted to bromide.)

(a) Experimental systems

Taxie effects

The acute hypotensive effects of potassium bromate in rabbits are due to both the

potassium and the bromate ions. Rabbits did not survive single intravenous injections of
0.2 g potassium bromate solution for longer than 4 min, and did not survive six intravenous
injections (total dose, 1 g) longer than 43 min. Stornach damage was ascribed to the bromate
ion; kidney and stomach da mage were seen in guinea-pigs and dogs in experiments carried
out with sodium bromate (Santesson & Wickberg, 1913).

ln guinea-pigs, subcutaneous injections of 100 mg/ kg bw sodium bromate produced
cochlear da mage by 24 h. AnimaIs kiled at that tirne revealed hyaline droplet degeneration,
cloudy swellng and necrosis of the epithelial ce Ils in renal tubules, which were most severe in
the proximal convoluted tubules. With 200 mg/ kg bw, there was more rapid onset of similar
effects (Matsumoto, 1973).

Mice (Theiler's original strain) fed for 80 weeks on diets containing 79% bread crurnbs
prepared frorn flour treated with 50 or 75 mg/ kg potassium bromate showed no significant
alteration ofblood chemistry, renal function or histopathological parameters (Ginocchio et
aL., 1979). No adverse effect was detected in Wistar rats fed similar diets for 104 weeks
(Fisher et al., 1979).

Dogs (greyhounds, red Irish setters and spaniels) of each sex fed diets containing flour
treated with 200 mg/ kg potassium brornate for 17 rnonths showed no il effect (Impey et al.,
1961).

Effects on reproduction and prenatal toxicity

No data were available to the W orking Group.
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Absorption, distribution, excretion and metabolism

When mice (Theiler's original strain) received diets containing 79% bread crumbs made
from flour treated with 50 or 75 mg/ kg potassium brornate, concentrations of 1 and 2 mg/ kg
bromine, respectively, were detected in adipose tissue (Ginocchio et al., 1979).

Bromine did not accumulate in the adipose tissue of Wistar rats fed for 104 weeks on
diets composed of 79% bread crumbs made from flour treated with 75 mg/ kg potassiurn
bromide (Fisher et al., 1979).

Mutagenicity and other short-term tests

Potassium bromate was reported to give negative results in the Bacilus subtils rec+/-
assay (figures not given) (Kawachi et al., 1980). At concentrations of 3.0 mg/plate,
potassium bromate was mutagenic to Salmonella typhimurium T A 100 but not T A98 in the
presence of an exogenous metabolic system (S9) from the liver of polychlorinated biphenyl-
induced rats (Ishidate et al., 1980, 1984).

Potassium bromate (0.085-0.25 mg/ rnl) induced chromosornal aberrations in cultured
Chinese hamster CHL celb,both in the presence and absence of polychlorinated biphenyl-
induced rat-liver S9 (Ishidate & Yoshikawa, 1980; Ishidate et al., 1981,1984).

Chromatid breaks were induced in cultured Chinese hamster DON-6 cells by addition of
5 x 1014M potassium bromate (Sasaki et al., 1980).

An increase in the incidence of rnicronucleated polychromatic erythrocytes was

observed in the bone marrow of mice treated intraperitoneally with 100 mg/ kg bw
potassium bromate (Hayashi et aL., 1982). It was reported that potassium bromate induced
chromos omal aberrations in rats treated in vivo (details not given) (Kawachi et aL., 1980).

(b) Humans

Taxie effects
A number of case reports of acute poisoning by potassium brornate solutions have been

reviewed (N orris, 1965). ln children 1.5 to three years of age, ingestion of 2-4 oz (57 - 113 g) of
a 2% solution of potassium bromate caused nausea and vomiting, usually with abdominal
pain; diarrhoea and haematemesis occurred in sorne cases (Parker & Barr, 1951; Gosselin et
aL., 1976). ln both children and adults, oliguria and death frorn renal failure have been
observed (Dunsky, 1947; Ohashi et aL., 1971). Hearing loss and deafness have also been
reported (Matsumoto, 1973; Quick et aL., 1975).

Effects on reproduction and prenatal toxicity
No data were available to the W orking Group.

Absorption, distribution, excretion and metabolism
No data were available to the W orking Group.

Mutagenicity and chromosomal effects
No data were available to the W orking Group.
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3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Potassium bromate is used in bread-making and in the production of fish paste and
fermented beverages; however, manufacturing and baking practices are available that
reportedly leave little or no residual bromate in the end product. Occupational exposure to
potassium bromate occurs mainly in production plants. Consumers may be exposed
through the use of home permanent-wave kits with potassium bromate neutralizer
solutions.

4.2 Experimental data

Potassium bromate was tested for carcinogenicity in one ex periment in rats by oral
administration in the drinking-water, producing renal-cell adenomas and adenocarcinomas
in animaIs of each sex, peritoneal mesotheliomas in males and thyroid tumours in females.
Experiments in rnice and rats fed diets containing bread baked from flour containing
potassium bromate were considered to be inadequate to evaluate the carcinogenicity of
potassium bromate itself.

The incidence of renal-cell tumours in rats induced by administration of N-nitrosoethyl-
N-hydroxyethylamine was increased by subsequent administration of potassium bromate.

ln rats, administration of potassiurn bromate in the drinking-water caused tubular
lesions of the kidney which were classified as dysplastic foci.

No data were available to evaluate the reproductive effects or prenatal toxicity of
potassium bromate to experirnental animaIs.

Potassium bromate was rnutagenic in Salmonella typhimurium in the presence of an
exogenous metabolic system. The cornpound induced chromosomal aberrations in cultured
Chinese hamster cells and micronuclei in mice treated in vivo.

4.3 Human data

No case report or epidemiological study of the carcinogenicity of potassium brornate
was available to the W orking Group.
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Overall assessment of data from short-term tests: Potassium bromatea

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes +

Fungij Green plants

Insects

Mammalian cells
(in vitro) +

Mammals
(in vivo) +

H umans

(in vivo)

Degree of evidence in short-term tests for genetic activity: Suffcient Cell transformation:
No data

OThe groups into which the table is divided and the symbol used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.

4.4 Evaluation1,2

There is sufficient evidence3 for the carcinogenicity of potassium brornate in experi-
mental animaIs.

No data were available on the carcinogenicity of potassium bromate to humans.
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Glu- P-1 (2-AMIN 0-6-METHYLD IPYRIDO(l ,2-a:3' ,2' -d)IMIDAZO LE)

1. ehemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 67730-11-4

Chem. Abstr. Name: 6-Methyldipyrido(I,2-a:3',2'-dJimidazol-2-amine

iu PA C Systematic N ame: 2-Amino-6-methyldipyrido( 1 ,2-a:3' ,2' -d)imidazole

1.2 Structural and molecular formulae and molecular weight

~::N NHi~ N 1 ~
~ ~ ho

N

CH3

CiiHioN4 MoL. wt: 198.23

1.3 Chemical and physical properties of the pure substance

(a) Description: Yellow prisms (Takeda et al., 1978)

(b) Melting-point: 226°C (Takeda et aL., 1978); 290-292°C (hydrobromide salt)

(Takeda et al., 1978; Sugimura et al., 1981)

(c) Spectroscopy data: Ultraviolet, fluorescence (Peters et al., 1981; Sugimura et al.,
1981), C-13 nuclear rnagnetic resonance (Aboul-Enein, 1983), proton nuclear
magnetic resonance and mass spectral data (Sugimura et al., 1981) have been
reported.

(d) Solubilty: Soluble in dimethyl sulphoxide and chloroform (Yamamoto et al.,

1978; Hayatsu et al., 1983; Schunk et al., 1984)

-223-
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(e) Stabilty: Stable under moderately acidic and alkaline conditions and in cold dilute

aqueous solutions protected from light (Sugimura et al., 1983)

(f Reactivity: Rapidly converted to an azo dimer by dilute hypochlorite. Deactivated

by weakly acidic nit rite solution with replacement of the 2-amino group by
hydroxyl (Sugimura et aL., 1983)

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Glu-P-l was first isolated by Yamamoto et aL. (1978) froID the pyrolysis products of
L-glutamic acid.

Takeda et aL. (1978) reported the development of a reaction sequence for the synthesis of
L-glutamic acid pyrolysis products, including Glu-P-l. ln this process, ,3-amino-8-

methylimidazo(l ,2-a )pyridine, 2-chloroacrylonitrile and aluminium chIo ride in nitro-

benzene are heated at 100°C for 12 h. Glu-P-l is isolated from the reaction products by
multiple extractions, column chromatography on silica gel and crystallization from
methanol-ethyl acetate.

Glu-P-l is not produced in commercial or bulk quantities.

(b) Use

Glu-P-l is not used commercially.

2.2 Occurrence

Glu-P-l is not known to occur in nature.
Glu-P- 1 has been identified among the pyrolysis products of L-glutamic acid at a level of

1 mg/kg (Yamarnoto et al., 1978). It has also been detected at low levels (estimate = 3-4
jJg/100 mg) in casein pyrolysate (Yamaguchi et aL., 1979).

2.3 Analysis

Glu-P-l was isolated frorn the pyrolysis products of L-glutamic acid by chloroform
extraction, followed by colurnn and thin-layer chromatography (Yamamoto et al., 1978).
The structure was determined by rnass spectrornetry, elernental analysis and X-ray
crystallography.

Glu-P-l can be adsorbed selectively from aqueous solutions onto cellulose or cotton to
which c.I. Reactive Blue 21, a trisulpho-copper phthalocyanine dye, has been bound
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covalently. The adsorbed Glu-P-l is eluted with ammoniacal methanol and quantified by
adsorption spectrum (Hayatsu et al., 1983).

Glu-P-l has been separated frorn other amino acid pyrolysis products by gas

chromatography using fused silica capilary columns and flame-ionization detection
(Schunk et al., 1984). High-performance liquid chromatography with ultraviolet and
fluorescence detection has also been used to separate Glu-P-l from Glu-P-2 and other
protein and amino acid pyrolysates (Peters et al., 1981).

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

3.1 Carcinogenicity studies in animais

Oral administration

Mouse: Groups of 40 male and 40 female CDF¡ ((BALB/cAnN x DBA/2N)F¡)) rnice
(age unspecified) were fed a pelleted diet containing 500 mg/ kg Glu- P- 1 hydrochloride

(purity confirmed by high-performance liquid chromatography (percentage not indicated))
for 475 days, at which time the experiment was terminated. A group of 40 males and 40
females was fed basal diet alone and served as controls. (The W orking Group noted that this
group was used as the controls for several other experiments on similar chernicals.) The first
blood-vessel tumour was observed on day 301 after the start of the experiment, at which
time 34/40 treated males, 38/40 treated females, 39/40 control males and 40/40 control
females were stil alive. The rnean survival of control females was 658 :t 55 days and that of
control males 586:t 109 days; mean survival for treated females was 398 :I 35 days and for
males 331 :t 78 days. Blood-vessel tumours, which occurred at various sites and which were
diagnosed as haemangioendotheliomas or haemangioendothelial sarcomas, were observed
in 30/34 (88%) treated males and 31/38 (82%) treated females; no such tumour was found in
control mice (p -: 0.001). Most of the blood-vessel tumours were haemangioendothelial
sarcomas (males, 27/30; females, 28/31). Liver turnours were also observed in 4/34 (12%)
treated males and 37/38 (97%) treated females; no such tumour was found in control rnice
(p -: 0.001 for females). Of the liver tumours observed in females, 13 were hepatocellular
adenomas and 24 were hepatocellular carcinomas; only liver adenomas were observed in
males (Ohgaki et al., 1984).

Rat: Groups of 42 male and 42 female Fischer 344 rats, eight weeks of age, were fed a
pelleted diet containing 500 rng/ kg Glu-P-l hydrochloride (purity confirrned by high-
performance liquid chromatography (percentage not indicated)) for 104 weeks, at which
time the experiment was terrninated. A group of50 males and 50 females were fed basal diet
and served as controls. (The W orking Group noted that this control group was also used in a
test on Glu-P-2.) By weeks 50 to 60, approximately 50% oftreated rats had died due to early
development of turnours of the liver, intestine, Zyrnbal gland, brain and clitoral gland. The
first liver tumour was observed in a fernale rat on day 277; liver tumours were observed in
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35/42 (83%) treated males and 24/42 (57%) treated fernales. Most liver turnours were
hepatocellular carcinomas. Three male rats had pulrnonary metastases. The first tumour of
the small intestine was observed in a male rat on day 300; by week 104, tumours of 

the smaIl
intestine (adenomas and adenocarcinomas) were observed in 26/42 (62%) treated males and
10/42 (24%) treated females. Tumours of the colon (adenomas and adenocarcinomas) were
observed in 19/42 (45%) treated rnales and 7/42 (17%) treated females. Tumours ofboth the
large and small intestines were found at rnultiple sites. Squarnous-cell carcinomas of the
Zymbal-gland, with local invasion, were observed in 18/42 (43%) treated males and 18/42
(43%) treated females. Clitoral-gland turnours were found in 5/42 (12%) treated females.
(The increases in the incidences of tumours of the liver, intestines and Zyrnbal gland were
statistically significant when compared to controls (p cC 0.001), as was the increased
incidence of clitoral-gland turnours (p cC 0.05)) Only two liver tumours were seen in male
controls (Takayama et aL., 1984).

3.2 Other relevant biological data

(a) Experimental systems

Taxie effects

A group of male Fischer 344 rats received seven intraperitoneal injections of 20 mg/ kg
bw Glu-P-l dissolved in dimethyl sulphoxide (DMSO) at one-week intervals; after one week
of Glu-P-l treatment they received a partial hepatectomy; during weeks 8 and 9 they were
fed a diet containing 200 mg/ kg 2-acetylarninofluorene; and, at the end of week 8, they were
administered 1 ml/ kg bw carbon tetrachloride by gavage. AlI anirnals were kiled at the end
of week 10. A control group received intraperitoneal injections of D MSO alone, followed by
the same treatment. Statistically significant increases in the number and area of y-glutarnyl
transpeptidase-positive liver-cell foci were observed in treated animaIs, compared to
controls. When rats were fed diets containing 200 rng/ kg 2-acetylaminofluorene for two
weeks and administered 1 mIl kg bw carbon tetrachloride at the end of week l, followed by
seven intraperitoneal injections of20 mg/ kg bw Glu-P-l in DMSO duringweeks 4 to 9, with
partial hepatectomy at the end of week 4, no increase in y-glutarnyl transpeptidase-positive
liver-cell foci was found in treated animaIs compared to DMSO-treated controls (Tamano
et al., 1981).

Groups of male Fischer 344 rats received a partial hepatectorny, followed 18 h later by a
single intraperitoneal injection of 2.5, 10 or 40 mg/ kg bw Glu- P- 1 dissolved in D MSO;
anirnals were then fed a diet containing 200 rng/ kg 2-acetylaminofluorene during weeks 3
and 4 and received 1 ml/ kg bw carbon tetrachloride by gavage at the end of week 3. AIl
animaIs were kiled at the end of week 5. Dose-dependent increases in the nurnber and area
of y-glutamyl transpeptidase-positive liver-cell foci were found in treated anirnals
compared to controls that received an intraperitoneal injection of DMSO alone 18 h after
partial hepatectorny, followed by treatrnent with 2-acetylaminofluorene (Tarnano et al.,
1981).
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Effects on reproduction and prenatal toxicity

No data were available to the W orking Group.

Absorption, distribution, excretion and metabolism

The distribution of14C-Glu-P-l was examined in male Fischer 344 rats after a single oral
dose (21 mg/ kg bw). At 24 and 48 h, the only organs with detectable radioactivity were liver

and kidney. Radioactivity was found in urine (30%), faeces (50%) and bile (70%) at 24 h
(Negishi et al., 1984). ln the bile, N-acetyl-Glu-P-l was identified as one ofthe four putative
metabolites of Glu-P-1. The fact that metabolic activation with bile from Glu-P-l-treated
rats resulted in mutagenic effects in Salmonella typhimurium T A98 is evidence for
bioactivation ofthis compound (Sato et aL., 1986). ln male Fischer 344 rats that received 21
mg/ kg bw 14C-Glu-P-l by gavage, 0.2% remained in the blood after 26 days. At 24 h,
two-thirds of the radioactivity was bound to plasma albumin and the remainder to
haemoglobin (Umemoto et al., 1985).

The suggested overall metabolism of Glu-P-l in mice and rats in vivo, leading to
modification cf DNA, is shown in Figure 1. Forrnation of the major oxidized metabolite,
N-hydroxy-Glu- P- l, has been shown to be mediated by the hepatic microsomal cytochrome
P450 system (Ishii et aL., 1981), although prostaglandin synthetase has been suggested as an
alternative (Ne moto & Takayama, 1984). The cytochrome P450 isoenzymes induced by
3-methylcholanthrene or polychlorinated biphenyls were rnost active in this conversion
(Nebert et aL., 1979; Ishii et al., 1981; Watanabe et al., 1982). The capacities of various
species of cytochrome P450 purified from rat Ii ver microsomes to convert Glu-P-l to a
direct mutagen were closely correlated with their N-hydroxylation activities (Kato et aL., .
1983).

N-Hydroxy-Glu-P-l is further activated chemically by acetylation, or O-acylation
(possibly acetylation, aminoacylation, phosphorylation or sulphation) with cytosol enzymes,
and the resulting N-O-acyl-Glu-P-l reacts effectively with DNA (Hashirnoto et aL., 1982a;
Nagao et aL., 1983a). Thus, N-O-acyl-Glu-P-l is an ultimate form ofGlu-P-l that reacts with

DNA at the C8 position of guanine (Hashimoto et al., 1982a).

Mutagenicity and other short-term tests
Glu-P-l (tested in the range of 1-500 j.g/plate) induced prophage À in lysogenic

Escherichia coli K12 in the presence of an exogenous metabolic system (S9) (Nagao et al.,
1983b). It was mutagenic in Salmonella typhimurium T A98 and T A 100 in the presence ofS9
from various marnmalian species (Yarnamoto et aL., 1978; Matsushima et al., 1980; Takeda
et al., 1980; Ishii et al., 1981; Peters et aL., 1981).

Glu-P-l gave positive results in a wing spot test in Drosophila melanogaster

(transheterozygous for the loci mwh and flr) raised in a medium containing 0.1 -0.8 rng/ g
(Y 00 et aL., 1985).

It was reported that Glu-P-I (tested at up to 10-3M) did not induce unscheduled DNA
synthesis in a short-term organ culture of rat tracheal epithelium (figures not given) (Ide et
al., 1981).
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Fig. l. Suggested metabolism of Glu-P-l in mice and ratsa
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aFrom Hashimoto et aL. (1982a)

Glu-P-l (0.3-30 Jlg/ ml) induced 8-azaguanine-resistant mutants in cultured embryonic
human diploid cells (Kuroda, 1980), and, in the presence of polychlorinated biphenyl-
induced rat liver S9, resulted in diphtheria toxin-resistant mutants in cultured Chinese
hamster lung cells at 250-750 Jlg/ml (Nakayasu et al., 1983). However, it did not induce
ouabain-resistant mutants in Chinese harnster V79 cells at a concentration of up to 100
Jlg/ ml in the presence of a Syrian hamster embryo cell feeder layer (Takayarna & Tanaka,
1983).

Glu-P-l (0.25 and 0.5 mg/ rnl) induced chromosornal aberrations in cultured Chinese
hamster lung cells without metabolic activation (Ishidate, 1983). At concentrations of 1 - 5

X 10-5 M, Glu-P-l induced a dose-dependent increase in the incidence of sister chromatid
exchanges in human lymphoblastoid NL3 cells in the presence of polychlorinated biphenyl
induced rat-liver S9 (Tohda et al., 1980).

Glu-P-l (10 and 20 Jlg/ ml) induced rnorphological transforrnation of Syrian hamster
embryo ce Ils in vitro in the presence of prirnary feeder cells (Takayarna et al., 1979).

Following intraperitoneal administration of 25 rng/ kg bw Glu-P-l to male Wistar rats,
modified DNA and RNA were isolated frorn liver (Hashirnoto et al., 1982b).
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Glu-P-l (18 mg/ kg bw administered intraperitoneally on days 8, 9 and 10 ofpregnancy)
gave positive results in the mouse spot test (Jensen, 1983).

(h) Humans

No data were available to the W orking Group.

3.3 Case reports and epidemiological studies of carcinogenicity in humans

No data were available to the W orking Group.

4. Summary of Data Reported and Evaluation

4.1 Exposur~ data

Glu-P-l (2-amino-6-methyldipyrido(I,2-a:3',2'-dJimidazole) is found at low levels

among the pyrolysis products of L-glutamic acid and casein, and human exposure may
occur by ingestion of cooked foods containing these substances.

4.2 Experimental data

Glu-P- 1 was tested for carcinogenicity in one experiment in mice and one experiment in
rats by oral administration in the diet. It produced haernangioendotheliomas and

haemangioendothelial sarcornas at various sites and hepatocellular adenomas in mice of
each sex and liver carcinomas in female rnice.In rats, it produced benign and malignant
tumours of the liver, intestines and Zyrnbal gland in animaIs of each sex and tumours of the
clitoral gland in females.

No data were available to evaluate the reproductive effects or prenatal toxicity of this
compound to experimental animaIs.

Glu-P-I induced prophage in bacteria. It was mutagenic in Salmonella typhimurium in
the presence of an exogenous metabolic system, and gave positive results in the wing spot
test in Drosophila melanogaster. Glu-P- 1 induced rnutations, chromos 

ornaI aberrations,
sister chromatid ex changes and morphological transformation in cultured mammalian
cells. It induced DN A damage in rats treated in vivo and positive results in the mouse spot
test.

4.3 Human data

No case report or epiderniological study ofthe carcinogenicity of Glu-P- 1 was available

to the W orking Group.
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Overall assessment of data from short-term tests: Glu-p-ia

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes + +

Fungi/ Green plants

Insects +

Mammalian cells
(in vitro)

+ + +

Mammals
(in vivo) + +

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Suffcient Cell transformation:
Positive

OThe groups into which the table is divided and the symbol used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.

4.4 Evaluationl

There is sufficient evidence2 for the carcinogenicity ofGlu-P-l to experimental animaIs.

No data were available on the carcinogenicity of Glu-P-l to humans.

5. References

Aboul-Enein, H.Y. (1983) Carbon-13 NMR of sorne mutagenic 2-aminodipyrido(l,2-
a:3',2'-dJimidazoles. Spectrosc. Leu., 16, 109-115

Hashimoto, Y., Shudo, K. & Okamoto, T. (l982a) Modification of DNA with potent
mutacarcinogenic 2-arnino-6-methyldipyrido( 1 ,2-a:3' ,2' -d)irnidazole isolated frorn a
glutamic acid pyrolysate: structure of the modified nucleic acid base and initial
chernical event caused by the mutagen. J. Am. chem. Soc., 104,7636-7640

¡For definition of the italicized term, see Preamble, p. i 8.
2In the absence of data on humans, it is reasonable, for practical purposes, to regard chemicals or exposures for which there is

suffcient evidence of carcinogenicity in animaIs as if they presented a carcinogenic risk to humans.



Glu-P-I 231

Hashimoto, Y., Shudo, K. & Okarnoto, T. (1982b) Modification of nucleic acids with
muta-carcinogenic heteroaromatic amines in vivo: identification of rnodified bases in
DN A extracted from rats injected with 3-amino-l-methyl-5 H-pyrido( 4,3-b )indole and
2-amino-6-methyldipyrido-(1,2-a:3',2'-dJimidazole. Mutat. Res., 105, 9-13

Hayatsu, H., Oka, T., Wakata, A., Ohara, Y., Hayatsu, T., Kobayashi, H. & Arimoto, S.
(1983) Adsorption of mutagens to cotton bearing covalently bound trisulfo-copper-
phthalocyanine. Mutat. Res., 119, 233-238

Ide, F., Ishikawa, T. & Takayama, S. (1981) Detection of chernical carcinogens by assay of
unscheduled DNA synthesis in rat tracheal epithelium in short-terrn organ culture. J.
Cancer Res. clin. Oncol., 102, 115-126

Ishidate, M.-, Jr (1983) Chromosomal Aberration Test in vitro, Tokyo, Realize Inc., p. 255

Ishii, K., Yamazoe, Y., Kamataki, T. & Kato, R. (1981) Metabolic activation of glu 
ta mie

acid pyrolysis products, 2-amino-6-methyldipyrido(I,2-a:3'cl,2'-dJirnidazole and 2-
amino-dipyrido(I,2-a:3',2'-dJimidazole, by purified cytochrome P-450. Chem.-biol.
Interactions, 38, 1-13

Jensen, N.J. (1983) Pyrolytic products from tryptophan and glutamic acid are positive in the
mammalian spot test. Cancer Leu., 20, 241-244

Kato, R., Kamataki, T. & Yamazoe, Y. (1983) N-Hydroxylation of carcinogenic and
mutage nie amines. Environ. Health Perspect., 49, 21-25

Kuroda, Y. (1980) Mutagenic activity ofTrp-P-2 and Glu-P-l on embryonic human diploid
cells in culture. Natllnst. Genet. Jpn. annu. Rep., 31,45-46

Matsushima, T., Yahagi, T., Takamoto, Y., Nagao, M. & Sugimura, T. (1980) Species
differences in microsomal activation 01 mutagens and carcinogens, with special
references ta new patent mutagens from pyrolysates of amino acids and proteins. ln:
Coon, M.J., Conney, A.H., Estabrook, R.W., Gelboin, H.V., Gilette, J.R. & O'Brien,
P.J., eds, Microsomes, Drug Oxidations and Chemical Carcinogenesis, VoL. 2, New
Y ork, Academie Press, pp. 1093-1102

Nagao, M., Fujita, Y., Wakabayashi, K. & Sugimura, T. (1983a) Ultimate forrns of
mutagenic and carcinogenic heterocyclic arnines produced by pyrolysis. Biochem.
biophys. Res. Commtln., 114,626-631

Nagao, M., Sato, S. & Sugimura, T. (1983b) Mutagens produced by heating loods. ln:
Waller, G.R. & Feather, M.S., eds, The Mailard Reaction in Foods and Nutrition
(ACS Symposium Series 215), Washington DC, American Chernical Society, pp.
521 -536

Nakayama, M., Nakasato, F., Sakamoto, H., Terada, M. & Sugirnura, T. (1983) Mutagenic
activity of heterocyclic amines in Chinese harnster lung cells with diphtheria toxin
resistance as a marker. Mutat. Res., 118,91-102

Nebert, D.W., Bigelow, S.W., Okey, A.B., Yahagi, T., Mori, Y., Nagao, M. & Sugimura, T.
(1979) Pyrolysis products from arnino acids and protein: highest mutagenicity requires
cytochrome P¡-450. Proc. natl Acad. Sci., 76, 5929-5933



232 IARC MONOGRAPHS VOLUME 40

Negishi, C., Sato, S., Sugimura, T. & Rafter, J.J. (1984) Distribution, excretion and
metabolism of Glu-P-1, a carcinogenic glutamic acid pyrolysis product, in rat
(Abstract No. 1). ln: Proceedings of the Japanese Cancer Association, 43rd Annual
Meeting, Tokyo, Japanese Cancer Association, p. 29

Nemoto, N. & Takayama, S. (1984) Activation of 2-amino-6-rnethyldipyrido(I,2-a:3',2'-
dJimidazole, a mutagenic pyrolysis product of glutamic acid, to bind to micros omal
protein by NADPH-dependent and independent enzyme systems. Carcinogenesis,5,
653-656

Ohgaki, H., Matsukura, N., Morino, K., Kawachi, T., Sugimura, T. & Takayarna, S. (1984)

Carcinogenicity in mice of mutage nie compounds from glutamic acid and soybean
globulin pyrolysates. Carcinogenesis, 5,815-819

Peters, J.H., Mortelmans, K.E., Reist, E.J., Sigman, C.C., Spanggord, R.J. & Thomas,
D.W. (1981) Synthesis, chemical characterization, and mutagenic activities of pro-
mutagens produced by pyrolysis of proteinaceous substances. Environ. Mutagenesis,
3, 639-649

Sato, S., Negishi, C., Umemoto, A. & Sugimura, T. (1986) Metabolic aspects ofpyrolysis
mutagens in food. Environ. Bea/th Perspect., 67 (in press)

Schunk, H., Hayashi, T. & Shibamoto, T. (1984) Analysis of mutagenic amino acid

pyrolyzates with a fused silica capillary colurnn. J. high Resolut. Chromatogr.
Chromatogr. Commun., 7,563-565

Sugimura, T., Nagao, M. & Wakabayashi, K. (1981) Mutagenic heterocyclic amines in
cookedfood. ln: Egan, H., Fishbein, L., Castegnaro, M., O'Neill, LK. & Bartsch, H.,
eds, Environmental Carcinogens Selected Methods of Analysis, VoL. 4, Sorne
Aromatic and Azo Dyes in the General and Industrial Environment (lARC Scientifc
Publications No. 40), Lyon, International Agency for Research on Cancer, pp. 251-267

Sugimura, T., Sato, S. & Takayama, S. (1983) New mutagenic heterocyclic aminesfound in
amino acid and protein pyrolysates and in cookedfood. ln: Wynder, E.L., Leveile,
G.A., Weisburger, J.H. & Livingston, G.E., eds, Environmental Aspects of Cancer:
The RaIe of Macro and Micro Components of Foods, Westport, CT, Food and
Nutrition Press, pp. 167-186

Takayama, S. & Tanaka, M. (1983) Mutagenesis of amino acid pyrolysis products in
Chinese hamster V79 cells. Toxicol. Lett., 17,23-28

Takayama, S., Hirakawa, T., Tanaka, M., Kawachi, T. & Sugirnura, T. (1979) ln vitro
transformation of hamster embryo cells with a glutamic acid pyrolysis product.
Toxicol. Lett., 4, 281-284

Takayama, S., Masuda, M., Mogami, M., Ohgaki, H., Sato, S. & Sugimura, T. (1984)
Induction of cancers in the intestine, liver and various other organs of rats by feeding
rnutagens from glutamic acid pyrolysate. Gann, 75,207-213

Takeda, K., Shudo, K., Okamoto, T. & Kosuge, T. (1978) Synthesis ofmutagenic princip les
isolated frorn L-glutamic acid pyrolysate. Chem. pharm. Bull., 26, 2924-2925



Glu-P-I 233

Takeda, K., Shudo, K., Okamoto, T., Nagao, M., Wakabayashi, K. & Sugimura, T. (1980)
Effect of methyl substitution on mutagenicity of 2-arninodipyrido(I,2-a:3',2'-dJ-
imidazole, Glu-P-2. Carcinogenesis, l, 889-892

Tamano, S., Tsuda, H., Tatematsu, M., Hasegawa, R., Imaida, K. & Ito, N. (1981)
Induction of y-glutamyl transpeptidase positive foci in rat liver by pyrolysis products
of amino acids. Gann, 72, 747-753

Tohda, H., Oikawa, A., Kawachi, T. & Sugimura, T. (1980) Induction of sister-chrornatid
exchanges by mutagens from arnino acid and protein pyrolysates. Mutat. Res., 77,
65-69

Umemoto, A., Negishi, C., Ishida, Y., Sato, S. & Sugimura, T. (1985) Binding of Glu-P-l
metabolite ta albumin and hemoglobin in rat (Abstract No. 6). ln: Proceedings of 

theJapanese Cancer Association, 44th Annual Meeting, Tokyo, Japanese Cancer Asso-
ciation, p. 2

Watanabe, J., Kawajiri, K., Yonekawa, H., Nagao, M. & Tagashira, Y. (1982) Immuno-
logical analysis of the roles of two rnajor types of cytochrorne P-450 in mutagenesis of
compounds isolated frorn pyrolysates. Biochem. biophys. Res. Commun., 104,193-199

Yamaguchi, K., Zenda, H., Shudo, K., Kosuge, T., Okamoto, T. & Sugirnura, T. (1978)
Isolation and structure determination of mutagenic substances of L-glutamic acid
pyrolysate. Proc. Jpn. Acad., 54B, 248-250

Yamaguchi, K., Zenda, H., Shudo, K., Kosuge, T., Okamoto, T. & Sugimura, T. (1979)
Presence of 2-aminodipyrido(I,2-a:3',2'-dJirnidazole in casein pyrolysate. Gann, 70,
849-850

Yamamoto, T., Tsuji, K., Kosuge, T., Okamoto, T., Shudo, K., Takeda, K., Iitaka, Y.,
Yamaguchi, K., Seino, Y., Yahagi, T., Nagao, M. & Sugimura, T. (1978) Isolation and
structure determination of mutagenic substances of L-glutamic acid pyrolysate. Proc.
Jpn. Acad., 54B, 2480250

Y 00, M.A., Ryo, H., Todo, T. & Kondo, S. (1985) Mutagenic potency of heterocyclic
amines in the Drosophila wing spot test and its correlation to carcinogenic potency.
Jpn. J. Cancer Res. (Gann), 76, 468-473





Glu- P- 2 (2- AMIN 0 D IPYRIDO(l ,2-a:3' ,2' -d)IMID AZO LE)

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 67730-10-3

Chem. Abstr. N ame: Dipyrido( 1 ,2-a:3',2' -d)imidazol-2-amine

iu P AC Systematic N ame: 2-Aminodipyrido( 1 ,2-a:3',2' -dJimidazole

1.2 Structural and molecular formulae and molecular weight

(XJ)N NHi
:? N 1 ~~ ~ .¿

N

CioHsN4 MoL. wt: 184.20

1.3 Chemical and physical properties of the pure substance

(a) Description: CrystaUine solid (Yamamoto et al., 1978)

(b) Melting-point: 286-287°C (hydrobromide salt) (Takeda et al., 1978; Sugimura et
al., 1981)

(c) Spectroscopy data: Ultraviolet (Yamaguchi et al., 1980; Peters et al., 1981;
Sugimura et al., 1981), fluorescence (Peters et al., 1981; Sugimura et al., 1981), C-13
nuclear magne tic resonance (Aboul-Enein, 1983) and proton nuclear magne tic
resonance spectral data (Sugirnura et al., 1981) have been reported.

(d) Solubility: Soluble in dimethyl sulphoxide and chloroform (Yarnamoto et al.,
1978; Hayatsu et al., 1983; Schunk et al., 1984)

(e) Stability: Stable under moderately acidic and alkaline conditions and in co Id dilute
aqueous solutions protected frorn light (Sugimura et al., 1983)

-235-
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(j Reactivity: Rapidly degraded by dilute hypochlorite; deactivated by weakly acidic

nitrite solution with replacement of the 2-amino group by hydroxyl (Sugimura et
al., 1983)

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Glu-P-2 was first isolated by Yamamoto et al. (1978) from the pyrolysis products of
L-glutamic acid.

Takeda et al. (1978) reported the development of a reaction sequence for the synthesis of
L-glutamic acid pyrolysis products, including Glu- P-2. ln this process, 3-aminoimidazo( 1,2-
a)pyridine, 2-chloroacrylonitrile and alurninium chloride in nitrobenzene are heated at
100°C for 12 h. Glu-P-2 is isolated from the reaction products by multiple extractions,

colurnn chromatography on silica gel and crystallization from methanol-ethyl acetate.
Glu-P-2 is not produced in cornmercial or bulk quantities.

(b) Use

Glu-P-2 is not used commercially.

2.2 Occurrence

Glu-P-2 is not known to occur in nature.
Glu-P-2 has been detected in broiled (griled) cuttlefish at a level of 350 ¡.g/ kg

(Yamaguchi et al., 1980) and arnong the pyrolysis products of L-glutamic acid at 1 mg/kg
(Yamamoto et al., 1978). It has been identified in the pyrolysate of casein (Yamaguchi et al.,
1979).

2.3 Analysis

Glu-P-2 was isolated from the pyrolysis products of L-glutarnic acid by chloroforrn
extraction, followed by column and thin-layer chromatography (Yamamoto et al., 1978).
The structure was determined by mass spectrometry, elemental analysis and X-ray
crystallography.

Glu-P-2 can be adsorbed selectively frorn aqueous solutions onto cellulose or cotton to
which C.I. Reactive Blue 21, a trisulpho-copper phthalocyanine dye, has been bound
covalently. The adsorbed Glu-P-2 is eluted with ammoniacal methanol and quantified by
adsorption spectrum (Hayatsu et al., 1983).

Glu-P-2 has been separated from other amino acid pyrolysis products by gas
chromatography using fused silca capilary columns and flarne ionization detection
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(Schunk et al., 1984). High-performance liquid chromatography with ultraviolet and
fluorescence detection has also been used to separate Glu-P-2 from Glu-P-I and other
protein and amino acid pyrolysates (Peters et al., 1981).

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

3.1 Carcinogenicity studies in animaIs

Oral administration

Mo use: Groups of 40 rnale and 40 female CD Fi ((BALB/ cAnN x DBA/2N)Fi) rnice
(age unspecified) were fed a pelleted diet containing 500 rng/ kg Glu-P-2 hydrochloride
(purity confirmed by high-performance liquid chrornatography (percentage not indicated))
for 588 days, at which time the experirnent was terminated. A group of 40 males and 40
females was fed basal diet alone and served as controls. (The W orking Group noted that this
group was used as the controls for several experiments on sirnilar chemicals.) On day 301
after the start of the experiment, 37/40 treated males, 36/40 treated females, 39/40 control
males and 40/40 control females were still alive. The mean survival of control females was
658 :i 55 days and that of control males 586:i 109 days; mean survival for treated fernales
was 484 :i 46 days and for males 462 :i 72 days. Blood-vessel tumours were observed at
various sites in 27/37 (73%) treated males and 20/36 (56%) treated females; no such turnour
was found in control mice (p ~ 0.001). Most of the blood-vessel tumours were

haemangioendothelial sarcornas (males, 25/27; fernales, 19/20). Liver tumours were also
observed in 10/37 (27%) treated males and 36/36 (100%) treated females; no such turnour
was found in control mice (males, p ~ 0.002; fernales, p ~ 0.001). Of the liver turnours
observed in males, five were hepatocellular adenomas, four were hepatocellular carcinornas
and one was a haemangiorna; in females, six were hepatocellular adenomas and 30,
hepatocellular carcinomas (Ohgaki et al., 1984).

Rat: Groups of 42 male and 42 female Fischer 344 rats, eight weeks of age, were fed a
pelleted diet containing 500 rng/ kg Glu-P-2 hydrochloride (purity confirrned by high-
performance liquid chromatography (percentage not indicated)) for 104 weeks, at which
time the experiment was terrninated. A group of 50 rnales and 50 females was fed basal diet
alone and served as controls. (The W orking Group noted that this control group was also
used in a test on Glu-P-1.) By weeks 70 and 90, approximately 50% oftreated rats had died,
predominantly from tumours. The first liver tumour was observed in a fernale rat on day
519; liver tumours were observed in 11/42 (26%; (p = 0.003)) treated males and 2/42 (5%)
treated females. Only two liver tumours were seen in male controls. Tumours of the srnall
intestine (adenomas and adenocarcinomas) were induced in 14/42 (33%) (p c: 0.001) treated
males and 8/42 (19%) (p = 0.001) treated females. Tumours of the colon (adenomas and
adenocarcinomas) were observed in 6/42 (14%) treated males (p ~ 0.01) and 8/42 (19%)
treated females (p = 0.001 J. Most intestinal tumours were solitary; no such turnour occurred
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in controls. Squamous-cell carcinomas of the Zymbal gland were observed in 1/42 (3%)
treated males and 7/42 (17%) treated females (p = 0.003) compared with 0150 controls.
Clitoral-gland tumours were found in 11/42 (26%) (p -: 0.001) treated females compared
with 0/50 controls (Takayama et al., 1984).

3.2 Other relevant biological data

(a) Experimental systems

Taxie effects
A group of male Fischer 344 rats received seven intraperitoneal injections of 60 mgl kg

bw Glu-P-2 dissolved in dimethyl sulphoxide (DMSO) at one-week intervals; after one
week, they received partial hepatectomy; during weeks 8 and 9 they were fed a diet
containing 200 mgl kg 2-acetylarninofluorene; and at the end of week 8, they were
administered 1 mIl kg bw carbon tetrachloride by gavage. AIl animaIs were kiled at the end
ofweek 10. A control group received intraperitoneal injections ofDMSO alone, followed by
the same treatment. Statistically significant increases in the number and area of y-glutamyl
transpeptidase-positive liver-ceIl foci were observed in treated anirnals, compared to
controls (p -: 0.001). When rats were fed diets containing 200 mgl kg 2-acetylarninofluorene
for two weeks and administered 1 mIl kg bw carbon tetrachloride at the end of week l,
followed by seven intraperitoneal injections of 60 mgl kg bw Glu-P-2 in DMSO during
weeks 4 to 9, with partial hepatectomy at the end of week 4, statisticaIly significant increases
in the number and area of y-glutamyl transpeptidase-positive liver-cell foci were also
observed in treated animaIs compared to DMSO-treated controls (Tamano et al., 1981).

Groups of male Fischer 344 rats received a partial hepatectomy, followed 18 h later by a
single intraperitoneal injection of 7.5, 30 or 120 mgl kg Glu-P-2 dissolved in DMSO;
animaIs were then fed a diet containing 200 mgl kg 2-acetylaminofluorene during weeks 3
and 4 and administered 1 mIl kg bw carbon tetrachloride by gavage at the end of week 3. All
animaIs were kiled at the end of week 5. Dose-dependent increases in the number and area
of y-glutamyl transpeptidase-positive liver-cell foci were found in treated animaIs
compared to controls that received an intraperitoneal injection of DMSO alone 18 h after
partial hepatectomy, foIlowed by treatment with 2-acetylaminofluorene (Tamano et aL.,
1981).

Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
The rnetabolic activation of Glu-P-2 to mutage nie rnetabolites is mediated by the rat

liver micros omal cytochrome P450 system (Ishii et aL., 1981); the cytochrome P450
isoenzyrnes, induced by 3-methylcholanthrene or polychlorinated biphenyls, were most
active in this respect (Nebert et aL., 1979; Ishii et al., 1981; Watanabe et al., 1982). Three
metabolites were obtained when Glu-P-2 was incubated with a reconstituted system
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containing a cytochrome P450 isoenzyme induced by polychlorinated biphenyls, but they
were not characterized (Ishii et aL., 1981).

ln a study to provide information on the metabolic steps involved in the formation of the
active mutagenic form, it was observed that Glu-P-2 was not mutagenic to Salmonella
typhimurium TA98/1,8-DNP6 (defective in esterifying activity) in the presence of an
exogenous metabolic system (S9 mix), while it was strongly rnutagenic to the original T A98
with S9 mix, suggesting that the ultirnate mutage nie form of Glu-P-2 is the sulphateester of
its N-hydroxy derivative (Nagao et al., 1983a).

Mutagenicity and other short-term tests

Glu-P-2 (tested from 10-1000 ¡.g/ plate) induced prophage À in lysogenic Escherichia coli
Kl2 in the presence of an exogenous metabolic system (S9) (Nagao et aL., 1983b). It was
mutagenic in Salmonella typhimurium T A1538, T A98 and T A 100 in the presence of S9
frorn various species (Yarnarnoto et al., 1978; Matsushima et aL., 1980; Takeda et al., 1980;
Ishii et al., 1981; Pet ers et al., 1981; N'Goy et al., 1984).

Glu-P-2 gave positive results in a wing spot in Drosophila melanogaster (transhetero-
zygous for the loci mwh andflr) raised in a medium containing 0.1-0.8 mg/ g (Yoo et aL.,
1985).

It was reported that Glu-P-2 (tested at up to 1O-3M) did not induce unscheduled DNA
synthesis in a short-term organ culture of rat tracheal epithelium (figures not given) (Ide et
aL., 1981).

Glu-P-2 (50-1500 ¡.g/ ml) induced diphtheria toxin-resistant mutants in cultured

Chinese hamster lung cells in the presence of polychlorinated biphenyl-induced rat-liver S9
(Nakayasu et al., 1983). It did not induce ouabain-resistant mutants in Chinese hamster V79
cells at concentrations of up to 100 ¡.g/ ml in the presence of a Syrian harnster embryo cell
feeder layer (Takayama & Tanaka, 1983).

It was reported that Glu-P-2 induced chromos ornaI aberrations in Chinese hamster lung
cells in the presence of an exogenous metabolic system (Ishidate, 1983). (The Working
Group noted that a positive result was obtained at a single concentration of 2 mg/ rnl.) A
borderline increase in the incidence of sis ter chromatid exchanges was observed when
Glu-P-2 was tested in the presence of an exogenous metabolic system in cultured hurnan
lymphoblastoid NL3 cells (Tohda et al., 1983) and in cultured hurnan lyrnphocytes (N'Goy
et al., 1984).

(b) Humans

No data were available to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity in humans

No data were available to the W orking Group.



240 IARC MONOGRAPHS VOLUME 40

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Glu-P-2 (2-aminodipyrido(I,2-a:3',2'-dJimidazole) has been found in griled fish and in
L-glutamic acid and casein pyrolysates; therefore, consurnption of grilled foods may result
in human exposure.

4.2 Experimental data

Glu-P-2 was tested for carcinogenicity in one experirnent in mice and one experiment in
rats by oral administration in the diet. ln mice, it produced haemangioendotheliomas and
haemangioendothelial sarcomas at various sites and hepatocellular adenomas and carci-
nomas in animaIs of each sex. ln rats, it produced benign and malignant turnours of the
liver, intestines and Zymbal gland in animaIs of each sex and tumours of the clitoral gland in
females.

No data were available to evaluate the reproductive effects or prenatal toxicity of this
compound to experimental animaIs.

Glu-P-2 induced prophage in bacteria. It was mutagenic in Salmonella typhimurium in
the presence of an exogenous metabolic system and in cultured mammalian cells, and gave
positive results in the wing spot test in Drosophila melanogaster. Experiments for the
induction of sister chromatid exchanges and chromosomal aberrations in cultured
mammalian cells were inadequate.

4.3 Human data

No case report or epidemiological study of the carcinogenicity of Glu-P-2 was available
to the W orking Group.

4.4 Evaluation!

There is sufficient evidence2 for the carcinogenicity of Glu-P-2 to experimental animaIs.

No data were available on the carcinogenicity of Glu-P-2 to humans.

¡For definition of the italicized term, see Preamb!e, p. 18.
2In the absence of data on humans, it is reasonable, for practica! purposes, to regard chemicals or exposures for which there is

suffcíent evidence of carcinogenicity in animaIs as if they presented a carcinogenic risk to humans.
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Overall assessment of data from short-term tests: Glu-P-2a

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes + +

Fungij Green plants

1 nsects +

Mammalian cells
(in vitro) + ?

Mammals
(in vivo)

H umans

(in vivo)

Degree of evidence in short-term tests for genetic activity: Suffcient Cell transformation:
No data

OThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.
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A -a-C (2-AMIN 0-9 H- PYRIDO(2,3-b )INDOLE)

1. ehemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 26148-68-5

Chem. Abstr. N ame: 1 H- Pyrido(2,3-b )indol-2-arnine

iu PA C Systematic Name: 2-Amino- 1 H-pyrido(2,3-b )indole; 2-amino-9 H-pyrido-
(2,3-b )indole
Synonyms: AC; amino-a-carboline; 2-amino-a-carboline; Glob-P-2

1.2 Structural and molecular formulae and molecular weight

NHi

C¡¡H9N3 MoL. wt: 183.21

1.3 Chemical and physical properties of the pure substance

(a) Description: Crystallne solid (Y oshida et al., 1978)

(b) Melting-point: 202°C (Yoshida et aL., 1980; Matsumoto et al., 1981a; Sugimura et
aL., 1981)

(c) Spectroscopy data: Ultraviolet (Y oshida & Matsumoto, 1980; Peters et al., 1981;
Sugimura et al., 1981; Tada et al., 1983), infrared, C-13 nuclear magnetic resonance

(Matsurnoto et al., 1979), proton nuclear magnetic resonance (Matsumoto et al.,
1979, 1981b; Sugirnura et aL., 1981), fluorescence (Yoshida & Matsumoto, 1980;
Peters et al., 1981; Sugimura et al., 1981) and mass spectral data (Matsumoto et al.,
1979; Yoshida & Matsumoto, 1980; Matsurnoto et al., 1981b; Sugimura et al.,
1981) have been reported.

-245-



246 lARe MONOGRAPHS VOLUME 40

(d) Solubility: Soluble in methanol and dimethyl sulphoxide (Matsumoto et al., 1981a;
Hayatsu et aL., 1983)

(e) Stabilty: Stable under moderately acidic and alkaline conditions and in co Id dilute
aqueous solutions protected from light (Sugimura et al., 1983)

(f Reactivity: Rapidly degraded by dilute hypochlorite; deactivated by weakly acidic

nitrite solution with replacement of the 2-amino group by hydroxyl (Sugimura et
aL., 1983)

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

A-a-C was first isolated by Y oshida et aL. (1978) frorn the pyrolysis products of soya
bean globulin.

The synthesis of A-a-C was reported by Matsumoto et al. (1979) using 6-bromo-2-
picolinic acid as the initial precursor. This compound is reacted with ortho-phenylene-
diamine to produce an intermediate, which upon treatrnent with nitrous acid is converted
into a benzotriazolylpicolinic acid. ln the presence of diphenyl phosphorazitate and
triethylamine, the benzotriazolyl picolinic acid undergoes a Curtius rearrangernent to yield
1 -(2-amino-6-pyridyl)benzotriazole. Mixture of this compound with polyphosphoric acid
at 175°C, and extraction of the reaction product with diethylether, produces crude A-a-C.
Final purification is accomplished by Sephadex LH-20 chromatography.

A-a-C is not produced in cornmercial or bulk quantities.

(b) Use

A-a-C is not used commercially.

2.2 Occurrence

A-a-C is not known to occur in nature.
A-a-C has been identified arnong the pyrolysis products of soya bean globulin at

approximately 40 p,gj g globulin (Yoshida et al., 1978; Matsumoto et al., 1981b).
Yields of A-a-C from the pyrolysis of albumin at temperatures of 300-700°C were

approximately 5-80 p,gj g (Y oshida et aL., 1980). A-a-C has been detected at 650 ngj g in
griled sliced beef, 180 ngj gin griled chicken, 47 ngj gin griled Chinese mushroorns and 1.5
ngj g in griled onions (Matsumoto et al., 1981a). The concentration of A-a-C in smoke
condensate from various brands of cigarettes ranged frorn 25-258 ngj cigarette (Y oshida &
Matsumoto, 1980; Matsumoto et al., 1981a).
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A-a-C was also detected after pyrolysis (550°C) of L-tryptophan (250-2500 jJg/ g),
chicken meat (34 jJg/ g), horse mackerel (12 jJg/ g), casein (3.8 jJg/ g), globulin (1.5 jJg/ g),
gluten (1.2 jJg/ g) and zein (0.05 jJg/ g) (Y oshida & Matsumoto, 1979; Y oshida et aL., 1979;
Tada et aL., 1983).

2.3 Analysis

A-a-C was isolated from the basic fraction of soya bean globulin pyrolysate by
successive chromatography on silica-gel, CM-Sephadex C-25 and Sephadex LH-20
columns, followed by separation of the amino-a-carbolines by thin-Iayer chromatography
on silica gel plates. The structure of A-a-C was elucidated by high-resolution mass and
nuclear magne tic resonance spectrometry (Matsurnoto et aL., 1981b) and X-ray crystallo-
graphy (Y oshida et aL., 1978).

A-a-C was determined in other protein pyrolysates and in tobacco smoke condensates
by chloroform extraction, chromatography and quantitative fluorimetry (Y oshida et al.,
1979; Y oshida & Matsumoto, 1980). High-performance liquid chromatography with
Nucleosil CL8 columns and spectrofluorimetry have also been used to separate and quantify
A-a-C and MeA-a-C (2-amino-3-methyl-9H-pyrido(2,3-b )indole) (see p. 253) (Matsumoto
et al., 1981a).

A-a-C can be adsorbed selectively from aqueous solutions onto cellulose or cotton to
which c.I. Reactive Blue 21, a trisulpho-copper phthalocyanine dye, has been bound
covalently. The adsorbed A-a-C is eluted with ammoniacal methanol and quantified by
adsorption spectrum (Hayatsu et aL., 1983).

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

3.1 Carcinogenicity studies in animaIs

Oral administrationl

Mouse: Groups of 40 rnale and 40 female CDFi ((BALB/ cAnN X DBA/2N)F1) rnice
(age unspecified) were fed a pelleted diet containing 800 mg/ kg A-a-C acetate (purity
confirmed by high-perforrnance liquid chromatography (percentage not indicated)) for 685
days, at which time the experirnent was terminated. A group of 40 males and 40 females fed
basal diet alone and kept for 685 days served as controls. (The W orking Group noted that
this group was used as the controls for several experiments on similar chemicals.) On day
301 after the start of the experiment, 38/40 treated rnales, 34/40 treated females, 38/40
contraI males and 40/40 control females were stil alive. The rnean survival was similar in

¡The Working Group was aware of a study in progress in rats by oral administration (lARe, 1986).
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treated and control mice. Blood-vessel tumours were observed at various sites in 20/38
(53%) treated males and 6/34 (18%) treated females; no such tumour was found in control
mice (males, p ~ 0.001; females, p ~ 0.02). Most of these tumours were haemangio-
endothelial sarcomas (males, 17/20; females, 6/6). Liver tumours were also observed in
15/38 (39%) treated males and 33/34 (97%) treated fernales; no such tumour was found in
control mice (p ~ 0.001). Of the liver turnours observed in males, six were hepatocellular
adenomas and nine were hepatocellular carcinomas; in females, three were hepatocellular
adenomas and 30 were hepatocellular carcinomas (Ohgaki et aL., 1984).

3.2 Other relevant biological data

(a) Experimental systems

Taxie effects
A group of 16 male Fischer 344 rats received a partial hepatectorny, followed 18 h later

by a single intraperitoneal injection of 50 mgl kg bw A-a-C in dimethyl sulphoxide
(DMSO). Two weeks after the injection, the rats were fed basal diet containing 200 mg/kg
2-acetylaminofluorene for two weeks and received a single oral dose of 1 mIl kg bw carbon
tetrachloride one week after the start of the 2-acetylarninofluorene treatment. A control
group of 13 rats received partial hepatectomy and intraperitoneal injection of D MSO alone,
followed by the sa me treatment as the experimental group. AlI animaIs were kiled five
weeks after the start of the experiment. A-a-C induced statistically significant increases in
the number and area of ')-glutamyl transpeptidase-positive liver foci (p ~ 0.00 1) (Hasega wa
et al., 1982).

Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
The metabolic activation of A-a-C to rnutagenic metabolites is rnediated by the rat-liver

micros omal cytochrome P450 system. Metabolism of A-a-C by hepatic micros 
ornes froID

polychlorinated biphenyl-treated rats yielded five major metabolites, two of which were
direct mutagens in Salmonella typhimurium T A98. The rnajor rnutagenic metabolite was
determined to be the N-hydroxy derivative of A-a-C and the ininor metabolite to be the
nitroso derivative (Niwa et al., 1982). These and other data indicate that N-hydroxylation of
A-a-C by the P448 type of cytochrome P450 is important for its rnutagenic activation
(Nebert et al., 1979; Niwa et aL., 1982; Watanabe et aL., 1982).

Mutagenicity and other short-term tests
A-a-C (tested in the range 20-1000 ¡.gl plate) induced prophage À in lysogenic

Escherichia coli K12 (Nagao et aL., 1983) and gave positive results in the Bacillus subtils
rec+/- assay in the presence of a rnetabolic system (S9) from livers of polychlorinated

biphenyl (PCB)-induced rats (Matsumoto et aL., 1981 b). It was rnutagenic to Salmonella
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typhimurium T A98 and TAI 00 in the presence of PCB-induced rat-liver S9 (Y oshida et al.,
1978; Matsumoto et aL., 1981b; Peters et al., 1981; Niwa et al., 1982).

A-a-C gave positive results in the wing spot test in Drosophila melanogaster

(transheterozygous for the loci mwh andflr) raised in a medium containing 0.4 or 1 mg/ g
(Y 00 et al., 1985).

It was reported that A-a-C (tested at up to 1O-3M) did not induce unscheduled DNA
synthesis in a short-term organ culture of rat tracheal epithelium (figures not given) (Ide et
al., 1981).

A-a-C (25 to 100 j.g/ ml) induced diphtheria toxin-resistant mutants in cultured Chinese
hamster lung cells in the presence of PCB-induced rat-liver S9 (Nakayasu et aL., 1983).

A-a-C acetate induced polyploidy in cultured Chinese harnster lung cells in the absence
of S9 at 0.0313 mg/ ml and chromosomal aberrations at concentrations of 0.125 and 0.25
mg/ ml when tested with PCB-induced rat-liver S9 (Ishidate, 1983). At concentrations of
10-6 to 10-4 M, A-a-C induced sister chromatid exchanges in human lymphoblastoid NL3
cells in the presence of PCB-induced rat-liver S9 (Tohda et al., 1980).

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

3.3 Case reports and epidemiological studies of carcinogenicity in humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

A-a-C (2-amino-9 H-pyrido(2,3-b )indole) has been found in a variety in grilled foods, in
the pyrolysis products of proteins and in cigarette smoke. There is thus likely to be
widespread human exposure to this compound.

4.2 Experimental data

A-a-C was tested for carcinogenicity in one experiment in mice by oral adrninistration in
the diet. It produced haemangioendothelial sarcornas and hepatocellular adenomas and
carcinomas in anirnals of each sex (see also the 'General Remarks on the Substances
Considered, p. 39).

No data were available to evaluate the reproductive effects or prenatal toxicity of this
corn pound to experimental animaIs.
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A-a-C induced prophage in bacteria. It induced DNA damage in Bacillus subtils and
mutations in Salmonella typhimurium in the presence of an exogenous metabolic system. It
gave positive results in the wing spot test in Drosophila melanogaster. ln cultured Chinese
hamster lung cells, A-a-C induced mutations and chrornosomal aberrations in the presence
and polyploidy in the absence, of an exogenous rnetabolic system. It induced sister
chromatid exchanges in human lymphoblastoid cells.

Overall assessment of data from short-term tests: A-a-Ca

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes + +

Fungij Green plants

Insects +

Mammalian cells
(in vitro) + +

Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Suffcient Cell transformation:
No data

OThe groups into which the table is divided and the symbol used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.

4.3 Human data

No case report or epidemiological study of the carcinogenicity of A-a-C was available to
the W orking Group.

4.4 Evaluationl

There is sufficient evidence2 for the carcinogenicity of A-a-C to experimental animaIs.
No data were available on the carcinogenicity of A-a-C to hurnans.

'For definition of the italicized term, see Preamble, p. 18.
2In the absence of data on humans, it is reasonable, for practical purposes to regard chemIcals or exposures for which there is

suffiCient evidence of carcinogenicity in animaIs as if they presented a carcinogenic risk to humans.
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MeA-a-e (2-AMIN 0-3-METHYL-9 H- PYRIDO(2,3-b )INDO LE)

1. ehemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 68006-83-7

Chem. Abstr. N ame: 3- Methyl- 1 H-pyrido(2,3-b )indol-2-amine
iu PA C Systematic N ames: 2-Amino-3-methyl- 1 H-pyrido(2,3-b )indole; 2-amino-3-
methyl-9 H-pyrido(2,3-b )indole

Synonyms: Glob-P-l; Me-amino-a-carboline; MeAC; methyl-amino-a-carboline

1.2 Structural and molecular formulae and molecular weight

NHi

CH)

C12HiiN3 MoL. wt: 197.24

1.3 Chemical and physical properties of the pure substance

(a) Description: Colourless needles (Matsumoto et al., 1981a)

(b) Melting-point: 215-218°C (Matsumoto et al., 1981a); 21 1-214°C (Sugimura et al.,
1981)

(c) Spectroscopy data: Ultraviolet (Y oshida & Matsumoto, 1980; Peters et aL., 1981),
proton nuclear magnetic resonance (Matsumoto et aL., 1981a), fluorescence
(Y oshida & Matsumoto, 1980; Peters et al., 1981; Sugirnura et al., 1981) and rnass
spectral data (Y oshida & Matsumoto, 1980; Matsumoto et al., 198 la; Sugimura et
al., 1981) have been reported.

(d) Solubility: Soluble in methanol and dirnethyl sulphoxide (Matsurnoto et al.,
1981b; Hayatsu et al., 1983; Schunk et al., 1984)

(e) Stabilty: Stable under moderately acidic and alkaline conditions and in cold dilute

aqueous solutions protected frorn light (Sugirnura et aL., 1983)

-253-
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(fReactivity: Rapidly degraded by dilute hypochlorite; deactivated by weakly acidic
nit rite solution with replacement of the 2-amino group by hydroxyl (Sugimura et
al., 1983)

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

MeA-a-C was first isolated by Y oshida et al. (1978) from the pyrolysis products of soya
bean globulin.

Synthesis of the alkyl derivatives of A-a-C (2-amino-9 H-pyrido(2,3-b )indole), incIuding
MeA-a-C, was reported by Matsumoto et aL. (1981a). Methylpropanedinitrile is reduced
with lithium aluminium hydride to its corresponding enaminonitrile, which is condensed
with 2-aminoindole to produce MeA-a-C. Final purification is achieved by ethyl acetate
extraction and Sephadex LH-20 chromatography, followed by high-perforrnance liquid
chromatography.

MeA-a-C is not produced in commercial or bulk quantities.

(b) Use

MeA-a-C is not used commercially.

2.2 Occurrence

MeA-a-C is not known to occur in nature.
MeA-a-C has been identified among the pyrolysis products of soya bean globulin at 80

¡.g/ g globulin (Y oshida et aL., 1978; Matsumoto et al., 198 la). It has also been detected in
L-tryptophan pyrolysates (550°C) at 20 ¡.g/ g (Y oshida & Matsurnoto, 1979). ln griled
foods, it was detected at levels of 63.5 ng/ gin beef slices, 15.1 ng/ g in chicken and 5.4 ng/ gin
Chinese mushrooms (Matsurnoto et al., 1981 b). The concentration of MeA-a-C in smoke
condensate from various brands of cigarettes ranged from 6.2-37 ng/ cigarette (Y oshida &
Matsurnoto, 1980; Matsumoto et al., 1981 b).

2.3 Analysis

MeA-a-C was isolated frorn the basic fraction of soya bean globulin pyrolysate by
successive chromatography on silica gel, CM-Sephadex C-25 and Sephadex LH-20
columns, followed by separation of the arnino-a-carbolines by thin-layer chrornatography
on silica-gel plates. The structure of MeA-a-C was elucidated by high-resolution mass and
nuclear magnetic resonance spectroscopy (Matsurnoto et aL., 1981a) and X-ray crystallo-
graphy (Y oshida et al., 1978).
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MeA-a-C was determined in tobacco smoke condensates by chloroforrn extraction,
chromatography and quantitative fluorimetry (Y oshida & Matsumoto, 1980). High-
performance liquid chromatography with Nucleosil C18 colurnns and spectrofluorimetry
have also been used to separate and quantify MeA-a-C and A-a-C (see p. 245) (Matsumoto
et aL., 1981b).

MeA-a-C can be adsorbed selectively from aqueous solutions onto cellulose or cotton to
which c.i. Reactive Blue 21, a trisulpho-copper phthalocyanine dye, has been bound
covalently. The adsorbed MeA-a-C is eluted with ammoniacal methanol and quantified by
adsorption spectrum (Hayatsu et al., 1983).

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

3.1 Carcinogenicity studies in animaIs

Oral administration

Mouse: Groups of 40 male and 40 female CDF1 ((BALB/cAnN X DBA/2N)F¡) rnice
(age unspecified) were fed a pelleted diet containing 800 mg/ kg MeA-a-C acetate (purity
confirmed by high-performance liquid chromatography (percentage not indicated)) for 588
days, at which time the ex periment was terminated. A group of 40 males and 40 females fed
basal diet alone and kept for 685 days served as controls. (The W orking Group noted that
this group was used as the controls for several experiments on similar chernicals). On day
301, 37/40 treated males, 33/40 treated females, 39/40 control males and 40/40 control
females were still alive. The mean survival of control females was 658:f 55 days and that of
control males 586:f 109 days; mean survival for treated females was 492 :f 77 days and for
males 445 :f 44 days. Haemangioendothelial sarcornas were observed at multiple sites in
35/37 (95%) treated males and 28/33 (85%) treated females; no such tumour was found in
control mice (p .c 0.001). Liver tumours were also observed in 21/37 (57%) treated males
and 28/33 (85%) treated females, and no such tumour was found in control rnice (p .cO.OO 1).
Of the liver tumours observed in males, 12 were hepatocellular adenomas and nine were
hepatocellular carcinomas; in females, 13 were hepatocellular adenomas and 15 hepato-
cellular carcinomas (Ohgaki et al., 1984).

3.2 Other relevant biological data

(a) Experimental systems

Taxie effects
A group of 19 male Fischer 344 rats received a partial hepatectomy followed 18 h later by

a single intraperitoneal injection of 80 rng/ kg bw MeA-a-C in dimethyl sulphoxide
(DMSO). Two weeks after the injection, the rats were fed basal diet containing 200 mg/ kg
2-acetylaminofluorene for two weeks and received a single oral dose of 1 rnl/ kg bw carbon
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tetrachloride one week after the start of the 2-acetylarninofluorene treatment. A control
group of 13 rats received partial hepatectomy and intraperitoneal injection of D MSO alone,
followed by the same treatrnent as the experimental group. AlI animaIs were killed five
weeks after the start of the experiment. MeA-a-C induced statistically significant increases
in the number and area of y-glutamyl transpeptidase-positive liver foci (Hasegawa et aL.,
1982).

Effects on reproduction and prenatal toxicity
No data were available to the W orking Group.

Absorption, distribution, excretion and metabolism
The metabolic activation of MeA-a-C to mutagenic metabolites is mediated by the

rat-liver micros omal cytochrome P450 system. Mutagenic activation ofthis compound by
an S9 fraction prepared from the livers of rats treated with polychlorinated biphenyls was
inhibited by more than 70% by antibody against the major type of cytochrome P450 of rat
liver micros ornes induced by 3-methylcholanthrene (MC), while it was not inhibited
appreciably by antibody to the rnajor type of cytochrome P450 induced by phenobarbitaL.
Thus, MeA-a-C appears to be activated selectively by MC-P448 to form a mutagenic
intermediate in rat liver micros ornes (Watanabe et al., 1982). A species of mouse-liver
microsomal cytochrome P450, P¡450, induced by benzo(a)pyrene and controlled by the
regulatory gene of the Ah locus, was far more efficient than other forms of cytochrome P450
in metabolizing MeA-a-C to its active mutagenic form (Nebert et al., 1979). The metabolites
of MeA-a-C formed by rat or mouse liver micros omal enzymes have not been characterized.

ln a study to provide information on the metabolic steps involved in the formation ofthe
active mutagenic form, it was observed that MeA-a-C was weakly mutagenic to Salmonella
typhimurium T A98 /1 ,8-DNP 6 (defective in esterifying activity) in the presence of S9 mix,
while it was strongly mutagenic to the original T A98 with S9 mix, suggesting that the
ultimate mutagenic form of MeA-a-C is the sulphate ester of its N-hydroxy derivative
(Nagao et al., 1983a).

Mutagenicity and other short-term tests
MeA-a-C (tested at concentrations of 20-1000 ,ug/ plate) induced prophage À in

lysogenic Escherichia coli Kl2 (Nagao et al., 1983b) and gave positive results in the Bacillus
subtils rec+/- assay (Matsumoto et al., 1981a) in the presence of a metabolic system (S9)
from the livers of polychlorinated biphenyl (PCB)-induced rats. It was mutagenic to
Salmonella typhimurium T A98 and T AlOO in the presence of PCB-induced rat-liver S9
(Yoshida et al., 1978; Matsumoto et al., 1981a; Peters et al., 1981).

MeA-a-C gave positive results in the wing spot test in Drosophila melanogaster
(transheterozygous for the loci mwh andflr) raised in a medium containing 0.4 or 1 mgj g
(Y 00 et al., 1985).

It induced polyploidy in cultured Chinese hamster lung ce lis at concentrations of 0.0625
and 0.125 mg/ml in the absence of S9, and induced chrornosomal aberrations at
concentrations of 0.5 and 1.25 rngj ml in the presence of PCB-induced rat liver S9 (Ishidate,
1983).
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(b) Humans
No data were available to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity in humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

MeA-a-C (2-amino-3-methyl-9 H-pyrido(2,3-b )indole has been found in grilled foods, in
the pyrolysis products of proteins and in cigarette smoke. There is thus likely to be
widespread hurnan exposure to this compound.

4.2 Experimental data

MeA-a-C was tested for carcinogenicity in one experiment in mice by oral administra-
tion in the diet. It produced haemangioendothelial sarcomas at various sites and

hepatocellular adenomas and carcinomas in animaIs of each sex (see also 'General Remarks
on the Substances Considered', p. 39).

No data were available to evaluate the reproductive effects or prenatal toxicity of this
corn pound to experimental animaIs.

MeA-a-C induced prophage in bacteria. It induced DNA da mage in Bacillus subtils and
was mutagenic in Salmonella typhimurium in the presence of an exogenous metabolic
system. It gave positive results in the wing spot test in Drosophila melanogaster. ln cultured
Chinese hamster lung cells, MeA-a-C induced polyploidy in the absence, and chromos ornaI
aberrations in the presence, of an exogenous metabolic systern.

4.3 Human data

No case report or epiderniological study of the carcinogenicity of MeA-a-C was
available to the W orking Group.

4.4 Evaluation!

There is sufficient evidence2 for the carcinogenicity of MeA-a-C to experimental
animaIs.

No data were available on the carcinogenicity of MeA-a-C to humans.

IFor definition of the ita!icized term, see Preamb!e, p. 18.
2In the absence of data on humans, it is reasonab!e, for practica! purposes, to regard chemicals or exposures for which there is

suffcient evidence of carcinogenicity in animais as if they presented a carcinogenic risk to humans.
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Overall assessment of data from short-term tests: MeA-a-Ca

Genetic activity Cell transformation

DNA damage Mutation Chromos omal 

effects

Prokaryotes + +

Fungil Green plants

Insects +

Mammalian cells
(in vitro) +

Mammals
(in vivo)

H umans

(in vivo)

Degree of evidence in short-term tests for genetic activity: Suffcient Cell transformation:
No data

OThe groups into which the table is divided and the symbol used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.
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IQ (2-AMINO-3-METHYLIMIDAZO(4,5:/QUINOLINE)

1. ehemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 76180-96-6

Chem. Abstr. Name: 3-Methyl-3H-imidazo(4,51)quinolin-2-amine
iu PA C Systematic Name: 2-Amino-3-methyl-3H-imidazo( 4,5:fquinoline

1.2 Structural and molecular formulae and molecular weight

C¡¡HIoN4

--NHiN=i
l

N"" 'CH3

MoL. wt: 198.23

1.3 Chemical and physical properties of the pure substance

(a) Description: Crystallne solid (Kasai et al., 1981)

(b) Melting-point::? 300°C (Kasai et al., 1981; Sugimura et al., 1981; Lee et aL., 1982)

(c) Spectroscopy data: Ultraviolet (Sugimura et al., 1981), Fourier-transform infrared
(Kasai et al., 1981), proton nuclear magnetic resonance (Sugimura et al., 1981) and
mass spectral data (Spingarn et al., 1980) have been reported.

(d) Solubility: Soluble in methanol, ethanol and dimethyl sulphoxide (Kasai et al.,
1980a, 1981; Lee et al., 1982; Schunk et al., 1984)

(e) Stability: Stable under moderately acidic and al kali ne conditions and in cold dilute
aqueous solutions protected frorn light (Sugirnura et al., 1983)

(j Reactivity: Rapidly degraded by dilute hypochlorite; not deactivated by weakly

acidic nitrite solutions (Sugimura et aL., 1983)

-261 -
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2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

The isolation and identification of IQ was first reported by Kasai et aL. (1980b). !ts
structure was confirmed by chemical synthesis, in which 5,6-diaminoquinoline was reacted
with cyanogen bromide and the resulting cyclic intermediate was converted to IQ by heating
the tetramethylammonium salt of this corn pound under reduced pressure. Final purifi-
cation was accomplished by sublimation, silica-gel column chromatography and crystal-
lization from aqueous methanol (Kasai et aL., 1980a, 1981).

Although this synthesis yields prirnarily the 3-N-methyl derivative, other methyl
derivatives are also produced in the last step. Synthetic routes to IQ that avoid formation of
the other isomers (by making the last step cyclization rather than rnethylation) were devised
by Lee et al. (1982) and by Adolfsson and Olsson (1983).

IQ is not produced in commercial or bulk quantities.

(b) Use

IQ is not used commercially.

2.2 Occurrence

IQ is not known to occur in nature.
It was originally isolated from broiled fish and has also been detected in fried ground

beef and beef extracts; ranges are given in Table 1. IQ has also been found in a mixture of
creatine and proline heated to 180°C (Y oshida et al., 1984) and in fried bacon (Miler, 1984).

2.3 Analysis

IQ has been isolated from broiled sun-dried sardines, ground and extracted with
methanoL. The neutral fraction obtained from the extract was subjected to Diaion HP-20
column chromatography, chloroform-methanol-water partitioning, and Sephadex LH-20
column chromatography. The resulting rnutagenic fraction was separated into IQ and
MeIQ (2-amino-3,4-dimethylimidazo( 4,51)quinoline) (see p. 275) by silica-gel column chro-
matography and further purified by reverse-phase high-performance liquid chromato-
graphy (HPLC). The structure was rnainly deduced from proton nuclear magnetic
resonance and high-resolution mass spectral data (Kasai et aL., 1980b, 1981).

IQ has been isolated from beef extract by dichloromethane extraction, colurnn
chromatography on Adsorbosil-5 and Sephadex LH20 and HPLC, with analysis by mass
spectrometry, ultraviolet spectrophotornetry and/ or rnutagenesis assay (Hargraves et al.,
1982; Hargraves & Pariza, 1983; Turesky et aL., 1983). The authors reported that this



IQ 263

Table 1. Concentrations of IQ in foods

Sam pIe Concentration
(ngl g)

Reference

Beef extract

for bacteriological media

bacteriological and food-grade

food-grade

41-142
20-40

42

-4

Turesky et al. (1983)
Hayatsu et al. (1983)

Takahashi et al. (1985)

Hargraves & Pariza (1983)

Ground beef (fried)

fat content unspecified

10-28% fat (2400C)

15% fat (2500C)

-0.02
-0.6
0.5-20

0.02

Hargraves & Pariza (1983)
Nagao et al. (1983a)

Barnes et aL. (1983)

Felton et al. (1984)

Sardines (sun-dried, broiled) -20
158

Kasai et aL. (1980b)
Nagao et al. (l983a)

technique did not detect IQ in extracts offried ground beef(although analysis of the data
suggests that as much as 0.02 ng/ g may have been present) (Hargraves et al., 1982;
Hargraves & Pariza, 1983). Using another procedure, however, IQ .was detected in fried
ground beef at levels in the range of 0.02 ng/ g following dichloromethane extraction,
chromatography on XAD-2 resin, preparative reverse-phase HPLC, and analysis by high-
resolution gas chromatography / mass spectroscopy (Felton et al., 1984). Using the method
of standard additions, preparative thin-Iayer chrornatography followed by reverse-phase
HPLC was reported to detect levels as low as O. 1 ng/ g IQ in fried ground beef (Barnes et al.,
1983).

IQ can be adsorbed selectively from aqueous solutions onto cellulose or cotton to which
c.I. Reactive Blue 21, a trisulpho-copper phthalocyanine dye, has been bound covalently.
The adsorbed IQ is eluted with amrnoniacal methanol and quantified by assay for
mutagenic activity (Hayatsu et al., 1983). More recently, this 'blue-cotton' adsorption
technique has been used as the first step in a simplified procedure for the detection of IQ in
beef extracts, with a sensitivity of approximately 0.1 ng. Analysis involves extraction of
acidified adsorbates with dichloromethane, silica-gel chromatography, and assay by HPLC
with electrochernical detection (Takahashi et al., 1985).

IQ has also been separated from other heterocyclic amines formed upon pyrolysis of
ami no acids by gas chromatography with fused silica capilary columns (Schunk et al.,
1984).



264 IARC MONOGRAPHS VOLUME 40

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

3.1 Carcinogenicity studies in animais

(a) Oral administration

Mouse: Groups of 40 male and 40 female CDF¡ rnice ((BALB/ cAnN X DBA/2N)F¡),
seven weeks of age, were fed a pelleted diet containing 300 mg/ kg IQ (purity, :?99.6%,
checked by high-performance liquid chromatography, with ':0.4% impurities) for 675 days,
at which time the experiment was terminated. A group of 40 males and 40 females fed basal
diet alone served as controls. The numbers of survivors on day 394, when leukaemia was
found in a female control, were similar in the four groups: 39/40 treated males, 36/40
treated fernales, 33/40 control males and 38/40 control females. The incidences of liver
tumours (hepatocellular adenomas and hepatocellular carcinomas) in treated mice were
16/39 (41%; p': 0.005) in males and 27/36 (75%; p.- 0.001) in fernales; of these, eight in
males and 22 in females were hepatocellular carcinomas. The incidences of adenomas and
adenocarcinomas of the lung were 27/39 (69%) in males and 15/36 (42%) in females; those
of squamous-cell papillomas and carcinomas of the forestomach were 16/39 (41 %) in males
and 11/36 (31%) in females. The incidences of liver, lung and forestomach tumours in
controls were: males, 2/33, 7/33 and 1/33; females, 0/38, 7/38 and 0/38, respectively. One
male and three female controls had liver haemangioendotheliomas; these tumours were not
seen in treated animaIs (Ohgaki et al., 1984).

Rat: ln a study cited in a preliminary report, groups of 40 male and 40 female Fischer 344
rats, eight weeks of age, were fed a pelleted diet containing 300 mg/ kg IQ (purity confirmed
by high-performance liquid chromatography (percentage not indicatedJ) for 300 days. A
control group of 50 males and 50 females was fed basal diet alone. The times of appearance
of the first tumours in males were day 255 for those of the colon, day 239 for those of the
small intestine and day 288 for those of the liver. Twenty males and four females from the
treated group (but no control) were killed at 300 days, because of ill health due to occurrence
of tumours. The incidences of tumours in treated animaIs at day 300 were as follows:
squamous-cell carcinomas of the Zymbal gland: 18/20 (90%) males and 4/4 (100%) females;

tumours of the colon: 9/20 (45%) males (two adenomas, seven adenocarcinornas); adeno-
carcinomas of the small intestine, 5/20 (25%) males; hepatocellular carcinomas, 8/20 (40%)
males; carcinomas of the skin, 4/20 (20%) rnales; and squamous-cell carcinomas of the oral
cavity, 2/20 (10%) rnales. Squamous-cell carcinomas of the clitoral gland were found in 2/4
(50%) treated females (Takayama et al., 1984). (The Working Group noted that no control
animal was examined.)

A group of 32 fernale Sprague-Dawley rats, six weeks of age, received 0.35 mmol (70
rng)/ kg bw IQ hydrochloride in 5% Emulphor by gavage thrice weekly during weeks 1-4,
twice weekly during weeks 5-8 and weekly during weeks 9-31 and were maintained without
further treatment until sacrifice at week 52. A group of 27 rats received 0.25 ml 5%
Emulphor according to the sarne schedule, and a further group of ni ne anirnals served as
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untreated controls. Adenocarcinomas of the rnammary gland were observed in 0/9
untreated controls, 0/27 vehicle controls and 14/32 (44%; p -c 0.05) treated animaIs. Liver

tumours were observed in 0/9 untreated controls, 0/27 vehicle controls and 6/32 (three
neoplastic nodules, two hepatocellular carcinomas and two haemangioendotheliomas)
treated animaIs. Squamous-cell carcinornas of the Zymbal gland were found in 11/32 (34%)
treated animaIs, but no such tumour occurred in controls (p = 0.002; Fisher exact test)
(Tanaka et aL., 1985; Weisburger et al., 1986).

(b) Skin application

A group of 30 female Sencar mice, 49-51 days of age, received topical applications of
6 ,umol (1.2 mg) IQ (no impurity were detected by high-performance liquid chromatography)
in 0.1 ml dimethyl sulphoxide on the dorsal skin thrice weekly for two weeks, followed ten
days later by applications of 2. 1 mg 12-0-tetradecanoyphorbol13-acetate (TP A) in 0.1 ml
acetone twice a week for 20 weeks. A control group of 20 animalswas treated with
applications of dimethyl sulphoxide alone, followed by TP A treatment. Skin tumours were
observed in 2/30 treated mice and 1/30 controls (Barnes et al., 1985; Weisburger et al.,
1986). (The Working Group noted the short duration of the study.)

3.2 Other relevant biological data

(a) Experimental systems

Taxie effects
Female Sprague-Dawley rats (six weeks ofage) administered a total dose of 15 mrnol/ kg

bw (3000 mg/ kg bw) IQ by gavage over 30 weeks exhibited a weight gain over one year
which was 94% that of the controls. ln addition, after one year, the treated group had altered
liver-cell foci, atypical hyperplastic acinar-cell lesions in the pancreas and altered
proliferative foci in the adrenal cortex, none of which was present in the control group
(Tanaka et aL., 1985).

The activation of oncogenes in hepatocellular carcinomas induced by IQ in Fischer 344
rats was studied by transfecting DN A from the tumours into NIH 3T3 cells. ln one
hepatocellular carcinoma out of five tested, activated H-ras- 1 oncogene was identified, as
weIl as another oncogene not belonging to the ras-gene family (Ishikawa et aL., 1985).

Effects on reproduction and prenatal toxicity
No data were available to the W orking Group.

Absorption, distribution, excretion and metabolism
The absorption and excretion of (2-14C)-IQ (specifie activity, 2.03 Cil rnol) was studied

in Sprague-Dawley rats of each sex. After a single oral dose (107 dprn; 4 mg/kg bw),
excretion was rapid, 46-68% being excreted in the faeces and 37-49% in the urine wIthin 72 h.
About 70% ofthe radioactivity was found in the bile after 24 h in a separate study. While no
mutagenic activity was detected in urine or faeces, after metabolic activation, the bile had
mutage nie activity (Sjödin & Jägerstad, 1984).
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Male NMRI mice were injected intravenously with 25 tLCi (2-14C)-IQ (specifie activity,
18.8 Cil mol). After short survival times, whole-body autoradiograrns showed widespread
distribution, the liver and kidney being identified as sites of retention of non-extractable
residues. The uptake of IQ by retina and other pigrnented tissues of female C3H mice
injected intravenously with IQ exceeded that of any other tissue, at all survival times
studied, demonstrating an affinity of IQ for melanine (Bergman, 1985).

When female NMRI mice were injected intravenously with 25 tLCi (2-14C)-IQ (8.8
mgl kg bw; specific activity, 18.8 Cil mol) on day 16 of gestation, IQ crossed the placenta and
reached the fetus. After 20 min, uptake in the fetalliver was observed; at 4 h, amniotic fluid,
fetal urinary bladder and intestinal contents were heavily labelled. By 24 h, radioactivity was
found in fetal intestines and amniotic fluid (Bergman, 1985).

When IQ was incubated with rat-liver rnicrosomes, the formation of N-hydroxy-IQ, a
directly-acting mutagen, was shown to be mediated by a cytochrome P450-dependent
system (Yamazoe et al., 1983). The cytochrome P450 isoenzyrnes most active in this
transformation were those induced by polychlorinated biphenyls (PCB) and 3-methyl-
cholanthrene (Watanabe et al., 1982; Yamazoe et al., 1983). When micros ornaI abilty to

activate IQ to a mutagen was cornpared using hepatic rnicrosomes obtained from mice, rats
and rab bits not exposed to inducing agents, more than a nine-fold difference was observed
(Yamazoe et aL., 1983). The metabolite, N-hydroxy-IQ, was found to bind rapidly and
covalently to calf thymus DNA (Okamoto et al., 1981).

ln a study to provide information on the metabolic steps involved in the forrnation of the
active mutagenic form, it was observed that IQ was not mutage nie to Salmonella

typhimurium TA98/1,8-DNP6 (defective in esterifying activity) in the presence of an
exogenous metabolic system (S9 mix), while it was strongly mutagenic to the original T A98
with S9 mix. The mutagenicity of IQ to T A98 was inhibited by pentachlorophenol, an aryl
sulphotransferase inhibitor. These data suggest that the ultimate forrn of IQ is probably the
sulphate ester of N-hydroxy-IQ (Nagao et aL., 1983b). The addition of L-buthionine
sulphoximine, an inhibitor of glutathione synthesis, enhanced binding of IQ to primary
hepatocyte monolayer cultures, suggesting that conjugation with glutathione may be
involved in the deactivation of IQ in vivo (Loretz & Pariza, 1984).

Mutagenicity and other short-term tests
IQ (tested at concentrations of 1-100 tLgl plate) induced prophage À in lysogenic

Escherichia coli K12 in the presence of an exogenous rnetabolic system (S9) frorn the livers
of polychlorinated biphenyl (PCB)-induced rats (Nagao et al., 1983a). It was rnutagenic to
Salmonella typhimurium T A1537, T A1538, T A1978, T A98 and T A 100 in the presence of
S9 from various species (Kas ai et al., 1981; Nagao et al., 1981; Gayda & Pariza, 1983; Nagao
et al., 1 983a, b; Thompson et al., 1983; Grivas & Jägerstad, 1984; Barnes et al., 1985; Wild et
al., 1985). However, IQ was not mutagenic to strain T A1535. ln an intrasanguineous
host-rnediated assay in mice, IQ induced a dose-dependent increase in mutations (strain
T A98) when administered intraperitoneally or orally (Wild et al., 1985). Urine from rats
treated intravenously with IQ was mutagenic in strains T A98 and T A 100 but not in T A1535
or T A1537 in the presence of S9 (Barnes & Weisburger, 1985).



IQ 267

IQ gave positive results in the wing spot test in Drosophila melanogaster (transhetero-
zygous for the loci mwh andflr) raised in a medium containing 0.1-1.0 rng/ g (Yoo et aL.,
1985). It also induced sex-linked recessive lethal mutations in Drosophila melanogaster
(Wild et aL., 1985).

IQ induced single-strand DNA breaks in mouse leukaemia cells in the presence of
PCB-induced rat-liver S9 at concentrations of 1O-5M and 1O-4M, and in rat hepatocytes
isolated from 3,3',4,4'-tetrachloroazobenzene-induced rat liver at concentrations of5 X 10-6
and 5 x 10-5 M (Caderni et al., 1983). ln rat hepatocytes, IQ induced unscheduled DNA
synthesis at concentrations of 1.25 x 10-6 and 1.25 x 10-5 M (Barnes et aL., 1985). It also
induced unscheduled DN A synthesis in primary cultures of rat and hamster hepatocytes,
but not guinea-pig hepatocytes, at doses of 3, 10 and 30 J.M (Loury & Byard, 1985).

IQ (5-40 J.g/ ml) induced diphtheria toxin-resistant mutants in Chinese hamster lung
cells in the presence of PCB-induced rat-liver S9 (Nakayasu et aL., 1983). It induced
mutations in repair-deficient, but not wild-type, cultured Chinese hamster ovary cells at
doses ofup to 300 J.g/ ml in the presence ofPCB-induced hamster-liver S9 (Thompson et aL.,
1983). However, at concentrations up to 50 J.g/ ml, it did not induce ouabain-resistant
mutants in Chinese hamster V79 cells in the presence or absence of a Syrian harnster embryo
feeder layer (Takayama & Tanaka, 1983).

IQ induced sister chromatid exchanges in repair-deficient cultured Chinese harnster
ovary cells and in wild-type cells in the presence of PCB-induced hamster-liver S9, but did
not induce chromosomal aberrations in either cell type at concentrations ofup to 300 J.g/ ml

(Thompson et al., 1 9~3).

IQ was reported to cause morphological transforrnation in the BALBc/3T3 mouse cell
line (Cortesi & Dolara, 1983). (The Working Group noted that only one ex periment was
carried out and that a small number of transformed foci was induced.)

When given by intraperitoneal injection to male C57BL/6 rnice at concentrations of
20- 1 60 mg/ kg bw, IQ did not increase the incidence of chromos omal aberrations but caused
a 1.44-fold increase in sister chromatid exchanges (Minkler & Carrano, 1984). (The
Working Group noted that this was a borderline increase.)

IQ did not induce unscheduled DN A synthesis in male rats when given by gavage at
concentrations of 77 -230 mg/ kg bw (Furihata & Matsushima, 1982). (The W orking Group
noted that the experiment was designed to investigate one organ only.)

No micronuclei were induced in the bone marrow of NMRI mice after intraperitoneal
administration of 198 or 594 rng/ kg bw or after adrninistration by gavage of 198 mg/ kg bw
(Wild et al., 1985).

Gene mutation was not observed in the spot test in mice exposed to 20 rng/ kg bw IQ in
utero nor in the melanocyte test following treatment in utero with up to 400 rng/ kg bw (Wild
et al., 1985).

(b) Humans

No data were available to the Working Group.
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3.3 Case reports and epidemiological studies of carcinogenicity' in humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

IQ (2-amino-3-methylimidazo(4,5:fquinoline) has been found in griled fish, fried beef
and sorne beef extracts. Consumption of these foods rnay result in human exposure.

4.2 Experimental data

IQ was tested for carcinogenicity in one experiment in mice by oral administration in the
diet and in one experirnent in female rats by oral intubation. Hepatocellular adenomas and
carcinomas, adenomas and adenocarcinomas of the lung, and squamous-cell papilomas
and carcinomas of the forestomach were reported in mice. Rats developed adeno-

carcinomas of the mammary gland and squamous-cell carcinomas of the Zyrnbal gland.

ln an experiment in progress described in a prelirninary report, rnale and female rats
administered IQin the diet developed tumours at various sites, but no data on controls were
available.

IQ crosses the placenta of rnice.

IQ induced prophage in bacteria and was mutage nie to Salmonella typhimurium in the
presence of an exogenous metabolic system. It gave positive results in the wing spot test in
Drosophila melanogaster and induced sex-linked recessive lethal rnutations. IQ induced
DN A damage, mutations and sister chromatid exchanges in mamrnalian cells in vitro. It did
not induce mutations or chromosomal effects in vivo.

4.3 "uman

No case report or epidemiological study of the carcinogenicity ofIQ was available to the
W orking Group.

4.4 Evaluationl

There is suffcient evidence2 for the carcinogenicity of IQ to experimental animaIs.
No data were available on the carcinogenicity of IQ to humans.

¡For definition of the italicized term, see Preamble, p. 18.
2In the absence of adequate data on humans, it is reasonable, for practical purposes, to regard chemicals or exposures for which

there is suffcient evidence of carcinogenicity in animaIs as if they represented a carcinogenic risk to humans.
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Overall assessment of data from short-term tests: IQa

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes + +

Fungi/ Green plants

1 nsects +

Mammalian cells
(in vitro) + + +

Mammals
(in vivo) - -
H umans

(in vivo)

Degree of evidence in short-term tests for genetic activity: Suffcient Cell transformation:
Inadequate

áThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.
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MelQ (2-AMINO-3,4-DIMETHYLIMIDAZO( 4,5-ilQUINOLINE

1. ehemical and Physical Data

1.1 Synonyms and trade Dames

Chem. Abstr. Services Reg. No.: 77094-11-2

Chem. Abstr. Name: 3,4-Dimethyl-3H-imidazo(4,5:fquinolin-2-amine
iu PA C Systematic Name: 2-Amino-3,4-dimethyl-3H-imidazo( 4,5:fquinoline

1.2 Structural and molecular formulae and molecular weight

=(NHiN_
N

'- .. CH3

C12H1iN4 MoL. wt: 212.25

1.3 Chemical and physical properties of the pure substance

(a) Description: Brown crystalline solid (Lee et al., 1982; Adolfsson & Olsson, 1983)

(b) Melting-point: 294-296°C (Lee et al., 1982); 296-298°C (Adolfsson & Olsson, 1983)

(c) Spectroscopy data: Ultraviolet (Kasai et al., 1980a), proton nuclear magnetic
resonance (Sugimura et aL., 1981) and mass spectral data (Hargraves & Pariza,
1983) have been reported.

(d) Solubilty: Soluble in methanol, ethanol and dimethyl sulphoxide (Lee et aL., 1982;

Adolfsson & Olsson, 1983; Schunk et aL., 1984)

(e) Stabilty: Stable under moderately acidic and alkaline conditions and in cold dilute

aqueous solutions protected from light (Sugimura et al., 1983)

(f Reactivity: Rapidly degraded by dilute hypochlorite; not deactivated by weakly

acidic nitrite solutions (Sugimura et al., 1983)
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2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

The isolation and identification of MeIQ was first reported by Kasai et al. (l980b). Its
structure was confirmed by chemical synthesis, in which 6-acetarnido-7-methylquinoline
was nitrated and the resulting N-nitroacetamido derivative was hydrolysed, with rearran-
gement to 6-amino-5-nitro-7-methylquinoline". Reduction of the nitro group, reaction with
cyanogen bromide and methylation yielded a mixture of the N-3-methyl (MeIQ) and
N- 1 -methyl derivatives of 2-amino-4-methylimidazo( 4,5:fquinoline. High-performance
liquid chromatography was used to separate these compounds and isolate MeIQ (Kasai et
al., 1980a).

Alternative syntheses of MeIQ, which avoid formation of other methyl isomers (by
making the last step cyclization rather than rnethylation), were devised by Lee et aL. (1982)

and by Adolfsson and Olsson (1983).

MeIQ is not produced in commercial or bulk quantities.

(b) Use

MeIQ is not used commercially.

2.2 Occurrence

MeIQ is not known to occur in nature.

MeIQ has been detected in griled sun-dried sardines at 20 to 72 ngj g(Kasai et aL., 1980b;
Nagao et al., 1983a). It has been tentatively identified in beef extract used in bacteriological
media (Hargraves & Pariza, 1983).

2.3 Analysis

MeIQ has been isolated frorn broiled sun-dried sardines, ground and extracted with
methanoL. The neutral fraction obtained frorn the extract was subjected to Diaion HP-20
column chromatography, chloroform-methanol-water partitioning and Sephadex LH-20
column chrornatography. The resulting mutagenic fraction was separated into IQ (p. 261)
and MeIQ by silca-gel column chromatography and further purified by reverse-phase
high-perforrnance liquid chromatography. The structure was deduced mainly frorn proton
nuclear magnetic resonance and high-resolution mass spectral data (Kasai et al., 1980b).

MeIQ has also been separated from heterocyclic arnines formed upon the pyrolysis of
other amino acids by gas chromatography with fused silica capilary coluffns (Schunk et al.,
1984).
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3. Biological Data Relevant to the Evaluation
of earcinogenic Risk to Humans

3.1 Carcinogenicity studies in animais

Oral administration

Mouse: ln a study described in a preliminary report, groups of 40 male and 40 fernale
CDF1 ((BALBI cAnN x DBA/2N)FiJ rnice, six weeks ofage, were givenO orO.04% MeIQ in
a pelleted diet. The mean body weights of treated mice were consistently 30% lower than
those of controls. The first forestomach tumour was observed in a male mouse given MeIQ
for 46 weeks and the first liver tumour in a male rnouse at 71 weeks. At week 83 of the
experiment, 16/40 rnales and 22/40 females in the treated group were autopsied; squamous-
cell carcinomas of the forestomach were found in 10 1 16 males and 1 1/22 females (six and
four of the tumours, respectively, metastasizing to the liver). Liver tumours were found in
1/16 males (one cholangiocarcinorna) and 9/22 females (three adenomas and six
carcinomas). No liver or forestomach tumour was seen in controls (Ohgaki et al., 1985a).

ln an abstract describing the same study, it was reported that rnice fed 0.01 % MeIQ in the
diet developed forestomach tumours later and at a lower incidence than mice fed 0.04%
(Ohgaki et al., 1985b).

3.2 Other relevant biological data

(a) Experimental systems

Taxie effects
No data were available to the Working Group.

Effects on reproduction and prenatal toxicity
No data were available to the W orking Group.

Absorption, distribution, excretion and metabolism
The absorption and excretion of(2-14C)-labelled MeIQ (specifie activity, 2.03 Ci/rnol)

was studied in Sprague-Dawley rats of each sex. After a single oral dose (10 x 106 dprn;
4 rngl kg bw), excretion was rapid, 56-66% being excreted in the faeces and 42-49% in the
urine within 72 h. ln a separate study, about 80% of the radioactivity was foúnd in the bile
after 24 h. While no mutagenic activity was detected in urine or faeces, mutagenicity
requiring metabolic activation was seen in bile (Sjödin & Jägerstad, 1984).

Male NMRI rnice were injected intravenously with 25 t.Ci (2-14C)-MeIQ (specifie
activity, 24 Cil rnol). After short survival times, whole-body autoradiograms showed
widespread distribution, the liver and kidney being identified as sites of retention of
non-extractable residues. The uptake of MeIQ in retina and other pigmented tissues of
female C3H mice injected intravenously with MeIQ exceeded that of any other tissue,at all
survival times studied, demonstrating an affinity of MeIQ for rnelanin (Bergrnan, 1985).
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When female NMRI mice were injected intravenously with 25 /-Ci (2-14C)-MeIQ (6.6
mg/ kg bw; specific activity, 24.0 Cil mol) on day 16 of gestation, MeIQ crossed the placenta
and reached the fetus. U ptake by fetalliver was 0 bserved after 20 min; at 4 h, amniotic fluid,
fetal urinary bladder and intestinal contents were heavily labelled. By 24 h, sorne

radioactivity still remained in fetal intestines and amniotic fluid (Bergman, 1985).

The metabolic activation of MeIQ to directly mutagenic compounds was shown to be
mediated by a rat-liver micros omal cytochrome P450 system. The cytochrome P450

isoenzyme induced by 3-methylcholanthrene appeared to be most active in this transfor-
mation (Watanabe et aL., 1982).

ln a study designed to provide information on the metabolic steps involved in the
formation of the active mutagenic form, it was observed that MeIQ was not mutagenic to
Salmonella typhimurium T A98/ 1,8-DNP6 (defective in esterifying activity) in the presence
of an exogenous metabolic system (S9 mix), while it was strongly rnutagenic to the original
T A98 with S9 mix, suggesting that the ultirnate mutagenic form of MeIQ is the sulphate
ester of its N-hydroxy derivative (Nagao et aL., 1983b).

Mutagenicity and other short-term tests

MeIQ (tested at concentrations of 0.1 - 1 /-g/ plate) induced prophage À in lysogenic
Escherichia coli Kl2 in the presence of an exogenous metabolic system (S9) (Nagao et al.,
1983a). It was mutagenic to Salmonella typhimurium T A98 and TA 100 in the presence of
polychlorinated biphenyl (PCB)-induced rat-liver S9 (Kasai et aL., i 980b; Nagao et aL., 1981;
Grivas & Jägerstad, 1984).

-

MeIQ gave positive results in the wing spot test in Drosophila melanogaster
(transheterozygous for the loci mwh andfir) raised in medium containing 0.1 or 0.4 mg/ g
(Y 00 et al., 1985).

It induced unscheduled DNA synthesis at doses of3, 10 and 30 /-M in primary cultures of
rat, harnster and guinea-pig hepatocytes (Loury & Byard, 1985).

MeIQ (6-50 /-g/ ml) induced diphtheria toxin-resistant mutants in Chinese harnster lung
ce lis in the presence of PCB-induced rat-liver S9 (Nakayasu et al., 1983). At concentrations
of up to 50 /-g/ ml, it was reported not to induce ouabain-resistant mutants in Chinese
hamster V79 cells in the presence or absence of a Syrian hamster embryo feeder layer
(Takayama & Tanaka, 1983).

(b) Hum ans

No data were available to the W orking Group.

3.3 Case reports and epidemiological studies of carcinogenicity in humans

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

4.1 Exposure data

MeIQ (2-amino-3,4-dimethylimidazo(4,5:fquinoline) has been found in griled fish,
and consumption of this food may result in human exposure.

4.2 Experimental data

ln a preliminary report of an ungoing study, MeIQ was tested for carcinogenicity in rnice
by oral administration in the diet. Although squamous-cell carcinomas of the forestornach
were reported in animaIs of each sex and liver-cell carcinomas in females, the data were
inadequate for evaluation.

MeIQ crosses the placenta of mice.
MeIQ induced prophage in bacteria and was mutagenic to Salmonella typhimurium in

the presence of an exogenous metabolic system. It gave positive results in the wing spot test
in Drosophila melanogaster. It induced DNA damage and, in the presence of an exogenous
system, mutations in cultured mammalian cells.

Overall assessment of data from short-term tests: MelQa

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes + +

Fungi/ Green plants

Insects +

Mammalian ce Ils 

(in vitro) + +

Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Suffcient Cell transformation:
No data

OThe groups into which the table is divided and the symbol used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.



280 lARe MONOGRAPHS VOLUME 40

4.3 Human data

No case report or epidemiological study ofthe carcinogenicity ofMeIQ was available to
the W orking Group.

4.4 Evaluationl

There is inadequate evidence for the carcinogenicity of MeIQ in experimental animaIs.
No evaluation could be made of the carcinogenicity of MeIQ to humans.
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Mel Qx (2- AMIN 0-3,8-DIMETHYLIMID AZO( 4,5-flQ UIN 0 XALINE)

1. ehemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 77500-04-0

Chem. Abstr. Name: 3,8-Dimethyl-3H-imidazo(4,5:fquinoxalin-2-amine
iu PA C Systematic Name: 2-Amino-3,8-dimethyl-3H-imidazo( 4,51)quinoxaline

1.2 Structural and molecular formulae and molecular weight

==NHi

CH3l:N:&:, N,~ " CH3~ 1 ¿.
N

C¡¡H¡¡N5 Mol wt: 213.24

1.3 Chemical and physical properties of the pure substance

(a) Spectroscopy data: Ultraviolet (Kasai et aL., 1981a), proton nuclear magne tic
resonance and mass spectral data (Kasai et al., 1981b) have been reported.

(b) Solubilty: Soluble in methanol (Kasai et al., 1981a)

(c) Stabilty: Stable under moderately acidic and alkaline conditions and in cold dilute

aqueous solutions protected from light (Sugimura et al., 1983)

(d) Reactivity: Rapidly degraded by dilute hypochlorite; not deactivated by weakly

acidic nitrite solutions (Sugirnura et al., 1983)

-283-
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2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

The isolation and identification of Mel Qx were first reported by Kasai et al. (198 i b). !ts
structure was confirmed by chernical synthesis, in which 6-amino-3-methyl-5-nitroquino-
xaline was methylated, reduced to the diamine and cyclized with cyanogen brornide to form
MeIQx (Kasai et al., 1981a; Sugimura et aL., 1983).

MeIQx is not produced in commercial or bulk quantities.

(b) Use

MeIQx is not used commercially.

2.2 Occurrence

MeIQx is not known to occur in nature.
MeIQx has been detected in fried ground beef in the range of 0.45-2.4 ng/ g (Hargraves &

Pariza, 1983; Hayatsu et al., 1983; Nagao et al., 1983a; Felton et al., 1984), in food-grade
beef extract at a level of 3-28 ng/ g (Hargraves & Pariza, 1983; Takahashi et al., 1985) and in
bacteriological-grade beef extract in the range of 59-527 ng/ g (Hayatsu et al., 1983; Turesky
et al., i 983; Takahashi et aL., 1985). It has also been found in mixtures of creatinine, glucose
and glycine heated at 128°C in diethylene glycol (Jägerstad et al., 1984).

2.3 Analysis

MeIQx was initially isolated and purified by acid-base partitioning and Sephadex
LH-20 column chromatography. Reverse-phase high-performance liquid chrornatography
(HPLC) on octadecyl silylated columns was subsequently used to separate MeIQx from IQ
(2-amino-3-methylimidazo(4,51)quinoline) (see p. 261). The structure was mainly deduced
from proton nuclear magnetic resonance and high-resolution mass spectral data and by
comparison with synthetic MeIQx (Kasai et aL., 1981 b).

MeIQx has been isolated frorn beef extract and fried ground beef by dichloromethane
extraction, column chromatography on Adsorbosil-5 and Sephadex LH20 and HPLC, with
analysis by mass spectrometry, ultraviolet spectrophotometry and/ or mutagenesis assay
(Hargraves et al., 1982; Hargraves & Pariza, 1983; Turesky et al., 1983).

Felton et aL. (1984) detected MeIQx at 1 ng/ gin fried ground beef by dichloromethane
extraction, chromatography on XAD-2 resin, preparative reverse-phase HPLC and
analysis by high-resolution gas chromatography / mass spectroscopy.

MeIQx can be adsorbed selectively frorn aqueous solutions onto cellulose or cotton to
which c.I. Reactive Blue 21, a trisulpho-copper phthalocyanine dye, has been bound
covalently. The adsorbed MeIQx is eluted with ammoniacal methanol and quàntified by
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assay for mutagenic activity (Hayatsu et al., 1983). More recently, this 'blue cotton'
adsorption technique has been used as the first step in a sirnplified procedure for the
detection of MeIQx in beef extracts, with a sensitivity of approximately 0.1 ng. Analysis
involves extraction of acidified adsorbates with dichloromethane, silica-gel chromato-
graphy, and assay by HPLC with electrochemical detection (Takahashi et al., 1985).

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

3.1 Carcinogenicity studies in animaIs

Oral administration

Mouse: It was reported in an abstract that groups (numbers unspecified) ofCDF1 rnice
were fed diets containing MeIQx (dose unspecified). At experimental week 70, 4/ 16 treated
males and 7/18 treated females were found to have liver tumours. The incidence of liver
tumours in the control group was not stated (Ohgaki et al., 1985). (The W orking Group
noted the incomplete reporting of the results.)

3.2 Other relevant biological data

(a) Experimental systems

Taxie effects
No data were available to the Working Group.

EjJects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
ln a study designed to provide information on the metabolic steps involved in the

formation of the active mutagenic form, it was observed that MeIQx was not mutagenic to
Salmonella typhimurium T A98 /1 ,8-DNP 6 (defective in esterifying activity) in the presence
of an exogenous metabolic system (S9) mix, while it was strongly rnutagenic to strain T A98
with S9 mix, suggesting that the ultimate mutage nie form of MeIQx is the sulphate ester of
its N-hydroxy derivative (Nagao et al., 1983b).

Mutagenicity and other short-term tests
MeIQx was mutagenic in Salmonella typhimurium T A98 and T A 100 in the presence of

an exogenous metabolic systern (S9) frorn the livers of polychlorinated biphenyl-induced
rats (Kasai et al., 1981a; Grivas & Jägerstad, 1984).
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It gave positive results in the wing spot test in Drosophila melanogaster (transhetero-
zygous for the loci mwh andflr) raised in a medium containing 0.1 or 0.2 mg/ g (Y 00 et al.,
1985).

MeIQx (25-100 ¡.g/ ml) induced diphtheria toxin-resistant rnutants in cultured Chinese
hamster lung cells in the presence of polychlorinated biphenyl-induced rat liver S9
(Nakayasu et al., 1983).

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

3.3 Case reports and epidemiological studies of carcinogenicity in humans

No data were available to the W orking Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

MeIQx (2-amino-3,8-dimethylimidazo( 4,5:fquinoxaline) has been found in fried beef
and sorne beef extracts, and consumption of these foods may result in human exposure.

4.2 Experimental data

ln a preliminary report of one study, MeIQx was tested for carcinogenicity in mice by
oral administration. The data were inadequate for evaluation.

No data were available to evaluate the reproductive effects or prenatal toxicity of this
corn pound to experimental animaIs.

MeIQx was mutagenic to Salmonella typhimurium and gave positive results in the wing
spot test in Drosophila melanogaster. It was mutage nie in cultured Chinese hamster lung
cells in the presence of an exogenous metabolic system.

4.3 Human data

No case report or epidemiological study of the carcinogenicity of MeIQx was available
to the Working Group.

4.4 Evaluationl

There is inadequate evidence for the carcinogenicity of MeIQx in experimental animaIs.
No evaluation could be made of the carcinogenicity of MeIQx to humans.

¡For definition of the italicized term, see Preamble, p. 18.
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Overall assessment of data from short-term tests: MeIQxa

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes +

Fungij Green plants

Insects +

Mammalian cells
(in vitro) +

Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Limited Cell transformation:
No data

OThe groups into which the table is divided and the symbol used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.
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ANGELielN AND SOME SYNTHETie DERIVATIVES

1. ehemical and Physical Data

Angelicin

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 523-50-2

Chem. Abstr. Name: 2H-Furo(2,3-h)(l)benzopyran-2-one

LUP AC Systematic Names: 2H-Furo(2,3-h)(I)benzopyran-2-one; 4-hydroxy-5-benzo-

furanacrylic acid, ô-Iactone

Synonyms: Angecin; furo(2,3-h)coumarin; furo(5',4':7,8)coumarin; 3-(4-hydroxy-5-
benzofuranyl)-2-propenoic acid, ô-Iactone; isopsoralen

1.2 Structural and molecular formulae and molecular weight

o

CliH60) MoL. wt: 186.17

1.3 Chemical and physical properties of the pure substance

(a) Description: White crystallne solid with a slight hay-like odour

(b) Melting-point: 140°C (Royer et al., 1978)

-291-
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(c) Spectroscopy data: Ultraviolet (Perel'son & Sheinker, 1967; Mantulin & Song,
1973; Royer et al., 1978; Guiotto et al., 1981; Song et al., 1981; Dall'Acqua et al.,
1984), infrared, proton nuc1ear magne tic resonance (Royer et aL., 1978), 13C nuclear
magne tic resonance (Bose et aL., 1979; Rodighiero et al., 1984a), fluorescence

(Mantulin & Song, 1973; Song et aL., 1981; Dall'Acqua et aL., 1984) and mass
spectral data (ICIS Chernical Information System, 1984 (MSSS)) have been
reported.

(d) Solubility: Very slightly soluble in water (20 mg/ 1); soluble in rnethanol (Baccichetti

et al., 1984) and ethanol (Mullen et al., 1984)

1.4 Technical products and impurities

No data were available to the W orking Group.

Angelicin derivatives

Synonyms, Chemical Abstracts and IUP AC Systematic Names, structural and molecular
formulae and molecular weights of the synthetic alkyl angelicins considered in this
monograph are given in Table 1. Table 2 illustrates the numbering systems used for these
derivatives.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Several synthetic routes for the preparation of angelicin have been described. Royer et
aL. (1978) reported the synthesis of angelicin beginning with resorcinol and proceeding
through 4-hydroxybenzofuran and 5-forrnyl-4-hydroxybenzofuran as interrnediates. An
alternative pathway exists in which the direct condensation of urnbellferone (7-hydroxy-
coumarin) and 4-chloro-l,3-dioxolan-2-one at 150-165°C produces 20% angelicin and 15%

psoralen (Reisch & Mester, 1979).

Recent interest has been directed toward the synthesis of rnethylated angelicin
derivatives. An early paper described the production of rnethyl analogues of angelicin frorn
ortho-allyl-7-hydroxycoumarins. Initially, 7-allyloxy-4-methylcournarin undergoes a Claisen
rearrangement to produce 8-allyl-7-hydroxy-4-methylcoumarin. This product is subse-
quently acetylated, brorninated and cyc1ized to forrn 4,5' -dimethylangelicin (Kaufman,
1961). 4,5'-Dimethylpsoralen has been identified as an irnpurity in sorne preparations of
4,5'-dirnethylangelicin (Rodighiero et al., 1981a).
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Table 1. Alkyl angelicins

293

Chemical na me

(Chem. Abstr. Services
Reg. No.)

Chem. Abstr. Name
(Synonym)
IUPAC Systematic Names

Structural and molecular
formulae and molecular weight

5-Methylangelicin 5-Methyl-2H-furo(2,3-h)( 1)- 0
(73459-03-7) benzopyran-2-one

(5-Methylisopsoralen, 5-MA)

4- H ydro xy -6- methyl- 5-benzo-
furanacrylic acid, ô-Iactone;

5-methyl-2H-furo(2,3-h Il)-

benzopyran-2-one C1iHg03 MoL. wt: 200.19

4,4'- Dimethylangelicin 4,9- Dimethyl-2H-furo(2,3-h)- 0
(22975-76-4) (1 )benzopyran-2-one

(4,4'-DMA)
H3C CH3

4- H yd ro xy-ß ,3-dimeth y 1- 5-benzo-

furanacrylic acid, ô-Iactone;

4,9-dimethyl-2H-furo(2,3-h)( 1)-
benzopyran-2-one CI3Hio03 MoL. wt; 214.22

04,5'- Dimethylangelicin 4,8- Dimeth yl- 2H-furo(2,3-h)-
(4063-41-6) (1 )benzopyran-2-one

(4,5'-DMA)
CH)

4- H ydro xy-ß ,2-dimethy 1- 5-benzo-
furanacrylic acid, ô-Iactone;

H)C4,8-dimethyl-2H-furo(2,3-h )-

(1 )benzopyran-2-one CI3Hio03 MoL. wt; 214.22

0
4,4',6- Trimethylangelicin 4,6,9- Trimethyl-2H-furo-

(90370-29-9) (2,3-h II )benzopyran-2-one

(4,4',6-TMA) H)C
CH)

4- H ydroxy-ß,3, 7 -trimethyl-5-benzo-
furanacI'ylic acid, ô-Iactone; 4,6,9-
trimethyl-2H-furo-f2,3-h)( 1 )benzo- CH)
pyran-2-one CI4Hii03 MoL. wt: 228.25
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Table i (contd)

Chemical na me

(Chem. Abstr. Services
Reg. No.)

Chem. Abstr. Name
(Synonym)
IUPAC Systematic Names

Structural and molecular
formulae and molecular weight

4'- Methylangelicin

(78982-40-8)

9- Methyl-2H-furo(2,3-h)( 1)-
benzopyran-2-one

o

(4'-MA) H3C

4- Hydroxy-3-methyl-5-benzo-
furanacrylic acid, ô-lactone;
9-methyl-2H-furo(2,3-h)( 1)-
benzopyran-2-one CI2HgO) MoL. wt: 200.19

Table 2. Numbering systems for angelicin derivatives

o

Numbering system for Chemical Abstracts and
IUPAC Systematic Names

o

Numbering system for common name

o
Numbering system for alternative IUP AC
Systematic Name (as ô-lactone)

7
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More recent synthetic schemes have been developed to rninimize the occurrence of
bifunctional methylpsoralens that are present as contaminants. The critical step in this
procedure is separation of the 6-allyl isomers from 8-allylumbelliferones by high-performance
liquid chromatography (Rodighiero et al., 1981a). This purification step can be eliminated
in the synthesis of 6-methylangelicins by using O-allylumbelliferones methylated in the
6-position as the starting rnaterial (Guiotto et al., 1984).

ln a method for the synthesis of angelicins without methyl groups on the furan ring, such
as 5-methylangelicin, 8-allylumbelliferones are ozonized to the corresponding 8-coumarinyl
acetaldehydes and then cyclized (Guiotto et al., 1981). The search for new rnethyl derivatives
of angelicin has recently led to the synthesis of 4'-rnethylangelicin (Dall'Acqua et al., 1983)
and 4,4',6-trimethylangelicin (Gui otto et aL., 1984).

Angelicin is not currently produced in comrnercial quantities but is available from a
pharmaceutical firm in India (Dall'Acqua et al., 1984).

(b) Use

Angelicin and its methylated derivatives are not currently in widespread use as
therapeutic agents, but are being investigated for potential use in the photochemotherapy of
psoriasis (DallAcqua et aL., 1983; Baccichetti et al., 1984; Guiotto et aL., 1984).

2.2 Occurrence

Angelicin and its methoxy derivatives have been isolated and detected in various
Umbelliferae, including angelica (Angelica atropurpurea), parsnip (Pastinaca sativa) and

several hogweed (Heracleum) species. The distribution is presented in Table 3.
Levels have been quantified: angelicin and pimpinellin have been detected in the fresh

fruiting heads of Heracleum mantegazzianum at 292 and 79 mg/ 100 g, respectively (Beyrich,
1968); angelicin, sphondin and isobergapten have been detected at 0.5 mg/ g and pimpinellin
at 1.6 mg/ gin the root of H. sphondylium (van der Sluis et al., 1981). Levels in roots of
H. laciniatum were approxirnately 0.05, 0.09, 0.08 and 0.06 mg/ g of root for angelicin,
sphondin, isobergapten and pimpinellin, respectively (Kavli et aL., 1983a).

Methylangelicins ar~ not known to occur as natural products:

2.3 Analysis

Angelicin has been separated from methoxyangelicins and other furocoumarins by
thin-Iayer chromatography (TLC) and high-performance liquid chromatography (HPLC).
TLC detection rnethods have included fluorescence scanning in situ (Kavli et aL., 1983a),
ultraviolet light (van der Sluis et al., 1981), and the susceptibility of rnicroorganisms to
photo-induced toxicity (Ashwood-Smith et al., 1983). Sensitivity has been reported in the
nanogram range, i.e., generally between 0.01-20 ng, depending on the detection systern and
the angelicin derivative under consideration.
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Table 3. Occurrence of angelicin and other furocoumarins in sorne plant speciesa

Species Angelicin Isobergaptenb Pimpinellinc Sphondind Reference

Angelica atropurpureae P T T Berenbaum (1981)
Heracleum dissecturr P P P Beyrich (1968)

H. laciniatumg P P P P Kavli et aL. (1983a,

1984)
H. lanatume T T P P Berenbaum (1981)
H. mantegazzianume T T P Berenbaum (1981)
H. mantegazzianumh P Beyrich (1968)

H. sibiricurr P P P P Beyrich (1968)

H. sosnowskyl P P P P Beyrich (1968)

H. sphondyliumi P P P P van der Sluis et al.

(1981)
Pastinaca satiwl P P Berenbaum (1981)

Op, present; T, trace; -, not found

b5-Methoxyangelicin

c 5,6- Dimethoxyangelicin

d6_ Methoxyangelicin

eln seeds and leaves; present: detected by high-performance liquid chromatography (HPLC) and confirmed by thin-layer

chromatography (TLC); trace: detected by HPLC, not detectable by TLC; -: not detected by HPLC or TLC

¡Plant part unspecified

gin root extract; determined by TLC or HPLC
hln the fresh fruiting head; determined by isolation and comparison with authentic compounds

¡ln fresh mots; determined by gas chromatography and HPLC
JOnly in seeds; see footnote e

Reverse-phase HPLC has been used to separate all of the rnethoxy angelicins from
psoralens and other furocournarins (Vande Casteele et al., 1983; Kavli et al., 1984;
Thompson & Brown, 1984).

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

3.1 Carcinogenicity studies in animais

Skin application

(The W orking Group noted that the various cornpounds tested were not pure. The
degree of purity of angelicin was unspecified; it was established that the purity of the
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methylangelicin derivatives tested was ::99%. The irnpurities in the methyl derivatives are
their linear isomers; the rnost probable impurity in angelicin is its linear isomer, psoralen.
Angular and linear isomers are quantitatively and qualitatively different with respect to
their binding to DNA in the presence of ultraviolet A radiation (see section 3.2(a),
Mutagenicity and other short-term tests). Their presence in the tested compounds can
markedly affect the photobiological activity and rnay thus have influenced the results. ln all
of these studies, although control groups are described for each test, they are the same
animaIs. )

Angelicin

Mouse: A group of 40 male Skh:hairless-l albino mice, six weeks old, were given
thrice-weekly applications of 0.05 ml of a 0.1 % solution of angelicin (purity unspecified) in
ethanol on the skin of the back for 12-15 months (time unspecified). The animaIs were

immobilized for 45 min and irradiated with long-wave ultraviolet irradiation (UV A) (six FR
40T12/ PUV A Sylvania Lifeline bulbs emitting radiation of 320-400 nrn, with a maximum
wavelength of 355 nm; wavelengths -:320 nm were eliminated with a Mylar filter (irradiance
unspecified)). The radiation dose per treatment was 2.5-5.0 X 104 J / m2 (total dose, ::250 X
104 J / m2). Four groups of20 animaIs each received treatment with angelicin solution alone
or UV A irradiation alone (total doses, 148,250 and 751.5 X 104 J / m2). No skin tumour was
observed with angelicin alone or with UV A alone. ln a fifth control group of 40 anirnals
treated with a O. 1 % solution ofmethoxsalen (because of the photocarcinogenic potential of
this chemical (see IARC, 1980)) in ethanol followed by 1.0 X 104 J/m2 UV A irradiation
(total dose, 220 X 104 J / m2), there was a 70% turnour incidence (mortality rate unspecified),
and the time required to produce a tumour incidence of 50% being 60 weeks. Skin turnour
yield in animaIs treated with angelicin and UV A was 20% (mortality rate unspecified) at 60
weeks; the time required to produce a tumour incidence of 50% in surviving animaIs was
therefore :?60 weeks. Histological analysis oftumours revealed well-differentiated invasive
squamous-cell carcinomas (Mullen et al., 1984).

5- M ethylangelicin

Mouse: ln the sa me study, groups of 40 male Skh:hairless-l albino rnice, six weeks old,
were given thrice-weekly applications of 0.05 ml of a 0.01% or 0.1% solution of 5-methyl-
angelicin (purity unspecified) in ethanol on the skin of the back for 12-15 months (time
unspecified). The animaIs were immobilized and irradiated, as described ab ove, to give a
radiation dose per treatment of 1 X 104 J / m2 (total doses, 136.5 X 104 J / rn2 (0.01 % solution)
and 107 X 104 J / m2 (O. 1 % solution)) Four groups of 20 animaIs each received treatment with

0.1% 5-methylangelicin solution alone or UV A irradiation alone (148, 250 and 751.5 X 104

J / m2); no skin tumour was observed in any of these groups. ln a fifth control group of 40
anirnals treated with a 0.1 % ethanol solution of rnethoxsalen followed by 1.0 X 104 J / m2

UV A irradiation (total dose, 220 X 104 J / rn2), there was a 70% turnour yield (mortality rate
unspecified) with time required to produce a turnour incidence of 50% of 60 weeks. Skin
turnour (invasive squamous-cell carcinornas) yields and tirnes required to produce a
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50% turnour incidence in anirnals in the groups treated with 0.01 % 5-methylangelicin plus
136 X 104 J j m2 UV A radiation, and 0.1% 5-methylangelicin plus 107 x 104 J j m2 UV A
radiation were 78 and 97%, and 53 and 33 weeks, respectively (Mullen et al., 1984).

4,4' -Dimethylangelicin

No data were available to the W orking Group.

4,5'- Dimethylangelicin

Mouse: ln the sarne study, further groups of 40 male Skh:hairless-l albino mice, six
weeks old, were given thrice-weekly applications of 0.05 ml of a 0.1% solution of 4,5'-
dimethylangelicin (purity unspecified) in ethanol on the skin of the back for 12-15 months,
immobilized and irradiated, as described above, to give radiation doses per treatrnent of2.5
and 7.5 x 104 J j m2 (total doses, 289 and 758 x 104 J j rn2), respectively. Four groups of 20
animaIs each received treatment with 0.1 % 4,5'-dimethylangelicin solution alone or UV A
irradiation alone (148,250 and 751.5 x 104 J j m2, respectively); no skin tumour was observed
in any of the these groups. ln a fifth control group of 40 animaIs treated witha O. 1 % ethanol
solution of methoxsalen followed by 1.0 x 104 J j m2 UV A irradiation (total dose, 220 X 104
J j m2), there was a 70% tumour yield (rnortality rate unspecified) with tirne required to
produce a turnour incidence of 50% of 60 weeks. Skin tumour (invasive squamous-cell

carcinornas) yields and times required to produce a 50% tumour incidence in animaIs in the
groups treated with 0.1 % 4,5-dirnethylangelicin plus 289 x 104 J j m2 or 758 X 104 J j m2 were

97.3 and 100%, and 40 and 42 weeks, respectively (Mullen et al., 1984).

4,4',6- Trimethylangelicin

No data were available to the Working Group.

3.2 Other relevant biological data

(a) Experimental systems

The photobiology and photochemistry of psoralens, with emphasis on angelicins, have
been reviewed (Averbeck, 1984; Ben-Hur & Song, 1984; Pathak, 1984; Rodighiero et al.,
1984b).

Taxie effects
The oral and intraperitoneal LDso values for angelicin in rats were 322 rngj kg bw and

165 rngjkg bw, respectively, and the intraperitoneal LDso in rnice was 254 rngjkg bw
(Chandhoke & Ghatak, 1975). The oral LDso values for 5-methylangelicin and 4,5'-
dimethylangelicin in mice were reported to be 2000 and 2500 rngj kg bw, respectively
(Baccichetti et aL., 1982) and that of 4,4',6-trimethylangelicin in rnethy1cellulose was ):2000
rngjkg bw (DallAcqua et al., 1985).
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Adrninistration of 4,5' -dimethylangelicin and subsequent irradiation with UV A did not
produce changes in the skin of guinea-pigs (Bordin et aL., 1979). Angelicin and 4,5'-
dimethylangelicin plus UV A irradiation (306-428 nm; maxirnum, 345 nrn) kiled cultured
human lymphocytes. BIast transformation stimulated by phytohaemagglutinin did not alter
this effect (Barth et al., 1983).

ln the presence of UV A, topical or oral application of 4,4'-dimethylangelicin inhibited
epidermal DNA synthesis in mice in vivo (Dall'Acqua et al., 1983). Treatment with 4,5'-
dimethylangelicin plus UV A inhibited DN A synthesis in Ehrlich ascites tumour cells
(Bordin et al., 1978; Dall'Acqua et al., 1981) and epidermal DNA synthesis in NCL rnice
after topical or oral application (Bordin et aL., 1981). Interaction of 4,4',6-trimethylangelicin
with UV A resulted in effective inhibition of DNA synthesis in Ehrlich ascites cells
(Baccichetti et al., 1984) and in epidermal cells ofNCL mice after oral or topical treatrnent
(Carlassare et aL., 1984). Treatment with 5-methylangelicin and UV A irradiation inhibited
DNA synthesis in Ehrlich ascites turnour cells. Topical or oral adrninistration of 5-
methylangelicin and UV A irradiation inhibited epidermal DN A synthesis in mice in vivo
(Bordin et al., 1981).

Oral administration of angelicin to male CD-l mice caused a significant increase in
hepatic micros omal protein. There was no effect on the activities of aryl hydrocarbon
hydroxylase, ethylmorphine N-demethylase or cytochrome P450 (Bickers & Pathak, 1984).

EJfects on reproduction and prenatal toxicity
No data were available to the Working Group.

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

Mutagenicity and other short-term tests
The angular and linear derivatives of angelicin are quantitatively and qualitatively

different with respect to their binding to DNA in the presence of UV A, as indicated in Table
4. The table also includes data on psoralen derivatives, for cornparison.

Angelicin
Angelicin formed a rnolecular complex with DNA in vitro in the dark (Dall'Acqua et al.,

1978).

Angelicin photobound covalently to DNA in vitro forming rnonoadducts but not DNA
interstrand cross-links; binding was UV A dose-dependent (Rodighiero et al., 1969, 1970;
DallAcqua et al., 1971a,b; Rodighiero et al., 1971; Musajo et aL., 1974; Bordin et al., 1975;
Dall'Acqua et al., 1981). Photobinding of angelicin to DNA, which in sorne studies was
shown to be dependent on UV A dose, was observed in Saccharomyces cerevisiae (Chandra
et al., 1973; Averbeck et al., 1975, 1976), in Escherichia coli (Chandra et al., 1973; Bordin et
al., 1976) and in Ehrlich ascites tumour cells (Bordin et al., 1975, 1978). Photobinding but
not DN A interstrand cross-linking was observed in DN A of phage À during w reactivation
(Belogurov & Zavilgelsky, 1981), in rnouse embryo fibroblasts (Szafarz et al., 1983) and in
V A-13 human fibroblasts (Kaye et al., 1980; Hanawalt et al., 1981).
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Table 4. Binding of angelicin and its derivatives and isomers to DNA

Compound Rate constant for DNA binding with UV A Rate constant for DNA cross-link forma-
tion with UV A

(min-I) Reference (min-I) Reference

Angelicin i. X 10-2 DallAcqua et a/. (1981) 0 DallAcqua et al. (1981)

Psoralen 4.0 X 10-2 DallAcqua et al. (I974a) 3.79 X 10-3 DallAcqua et a/. (l974b)
5- Methylangelicin 3.4 X 10-2 DallAcqua et al. (1981) 0 DallAcqua et al. (1981)

5- Methylpsoralen 7.8x 10-2 DallAcqua et al. (I974a) 8.53 X 10-3 DallAcqua et a/. (l974b)
4,5' -Dimethylangelicin 4.0 X 10-2 Rodighiero et a/. (1981 b) 0 Rodighiero et a/. (1981 b)

4,5'-Dimethylpsoralen 14.0 X 10-2 Rodighiero et al. (198Ib) a Rodighiero et al. (l98Ib)

aReported by the authors to be twice that of psoralen (details not given)

Under certain experimental conditions, angelicin plus UV A appeared to induce cross-
linking in À DNA (Lown & Sim, 1978), in phage À (Kittler et aL., 1980) and, as reported in an
abstract, in human cell DNA (Gruenert, 1983).

The repair of DNA lesions induced by angelicin plus UV A has been shown in phage À
(Lichtenberg & Yasui, 1983), in E. coli (Bordin et al., 1976; Venturini et al., 1980; Bridges &
von Wright, 1981; Grossweiner& Smith, 1981), in S. cerevisiae(Chandraet al., 1973,1974;
Averbeck et al., 1975; Averbeck, 1976; Averbeck et al., 1976; Grant et al., 1979; Jachymczyk
et aL., 1981), in Aspergilus nidulans (M uronetz et al., 1980), in green monkey kidney cells
(Nocentini, 1978; Coppey et al., 1979), in normal human fibroblasts and in xeroderma
pigmentosum cells (Coppey et al., 1979; Cleaver & Gruenert, 1984).

ln the dark, angelicin was not mutagenic to Salmonella typhimurium T A98 (Venturini et
al., 1981) or to repair-proficient (A verbeck & Moustacchi, 1979) or repair-deficient S.
cerevisiae(Jachymczyk et aL., 1981); it did not induce micronuclei in Chinese harnster ovary
cells (Ashwood-Smith et al., 1977) or increase the incidence of chrornosomal aberrations or
sis ter chrornatid exchanges in normal hurnan fibroblasts, ataxia telangiectasia cells or
xeroderma pigmentosum cells (Natarajan et al., 1981). However, angelicin was active in the
dark as a frameshift mutagen in E. coli lac-z strain ND160 (Ashwood-Srnith, 1978;
Ashwood-Srnith et aL., 1980).

Mutations were induced by angelicin and UV A in phage À in E. coli K12 uvrA

(Zavilgelsky et al., 1982) and in a wild-type host E. coli K12 pre-irradiated with 254 nrn
ultraviolet light (Belogurov & Zavilgelsky, 1979), in E. coli WP2 and WP2 uvr A (Ashwood-
Srnith et al., 1980; Venturini et al., 1980; Ashwood-Smith et al., 1982), in S. typhimurium
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T A 100 (Venturini et al., 1981) and T A 102 (Levin et al., 1982), in A. nidulans (Muronetz et
al., 1980) and in S. cerevisiae (Averbeck et aL., 1975, 1976; Averbeck & Moustacchi, 1979;
Grant et al., 1979; Averbeck & Moustacchi, 1980; Averbeck et aL., 1981a,b).

Angelicin plus UV A also induced mitotic recombination (Averbeck & Moustacchi,
1979) and cytoplasmic 'petite' mutations in S. cerevisiae (Averbeck et al., 1975, 1976;
A verbeck & Moustacchi, 1979; A verbeck et al., 1979).

UV A dose-dependent increases in the incidence of micronuclei (Ashwood-Smith et al.,
1977) and of sister chromatid exchanges (Ashwood-Smith et al., 1981, 1982; Linnainmaa &
Wolff, 1982) were induced in Chinese hamster ovary cells after treatment with angelicin and
UV A in vitro.

Induction of chromos omal aberrations and sister chromatid exchanges by angelicin plus
UV A was observed in norrnal human foreskin fibroblasts, and in ataxia telangiectasia and
xeroderma pigmentosum cells in vitro (Ashwood-Smith et al., 1981; Natarajan et al., 1981;
Ashwood-Smith et al., 1982).

5- M ethylangelicin

5-Methylangelicin formed a noncovalently-bound complex with DNA in vitro in the
dark. ln the presence of UV A, it showed strong covalent photobinding to DNA in vitro
(Dall'Acqua et al., 1981; Isaacs et aL., 1984) but did not form DNA interstrand cross-links
(Dall'Acqua et al., 1981).

5-Methylangelicin plus UV A induced prophage in S. typhimurium T Al535 and TA 1 538

(Connor et aL., 1983). It was rnutagenic to S. typhimurium T A98 and T A 100 in the dark, in
the absence of an exogenous metabolic system; addition of a rnetabolic system from rats had
no potentiating effect (Monti- Bragadin et al., 1981; Venturini et aL., 1981). 5- Methyl-

angelicin was not mutagenic to strain T A98 in the presence of UV A (Venturi ni et al., 1981)
but was mutagenic to strain T AlOO, to E. coli excision-deficient strain TM9 (WP2
uvrAjR46) and to excision repair-proficient strain TM6 (Pani et al., 1981).

5-Methylangelicin in cornbination with UV A induced a UV A dose-dependent increase
in 6-thioguanine-resistant rnutants in Chinese harnster V79 (Pani et aL., 1981) and ovary

(Loveday & Donahue, 1984) cells.

ln combination with UV A, it induced sister chromatid exchanges in Chinese harnster
ovary cells (Loveday & Donahue, 1984).

4,4'- Dime t hy langelicin

4,4'-Dimethylangelicin formed a cornplex with DNA in vitro in the dark. It photobound
covalently to DNA, forming rnonoadducts but not DNA interstrand cross-links in isolated
DNA (DallAcqua et aL., 1983) and in E. coli B48 (Baccichetti et al., 1981a,b).

ln the dark, 4,4' -dimethylangelicin was not rnutagenic to S. typhimurium T A98 in the
presence or absence of an exogenous rnetabolic systern (Monti-Bragadin et al., 1981). ln the
presence of UV A, this cornpound was rnutagenic to repair-proficient E. coli WP2 trp-
(Baccichetti et al., 1981 b).
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ln haploid S. cerevisiae, 4,4'-dimethylangelicin plus UV A induced cytoplasmic 'petite'
mutations (Averbeck et aL., 1984a).

4,5'- Dimethylangelicin

4,5'-Dimethylangelicin formed a noncovalently-bound complex with DNA in vitro in
the dark. It showed strong covalent photobinding, but not interstrand cross-links, with
DNA in vitro (Rodighiero & Dall'Acqua, 1984) and also photobound covalently with the
DNA of Ehrlich ascites tumour cells (Bordin et al., 1978, 1979).

ln the presence of UV A, it induced prophage À frorn lysogenic E. coli Kl2 (Baccichetti et
al., 1979).

4,5'-Dimethylangelicin was rnutagenic to S. typhimurium T A 100, but not T A98, in the

presence of UV A (Venturini et al., 1981). It did not photoinduce mutations in E. coliWP2 or
CM561, but was mutage nie to E. coli WP2 uvrA (Venturini et aL., 1980), WP2jR46 and
WP2 uvrAjR46 (Pani et al., 1981). ln S. cerevisiae, 4,5'-dimethylangelicin photoinduced
nuclear reversions, forward mutations and cytoplasmic 'petite' mutations (Averbeck et al.,
1981a,b, 1984a,b).

After treatment with 4,5' -dirnethylangelicin and UV A, a UV A dose-dependent increase
in 6-thioguanine-resistant mutants was observed in Chinese hamster V79 ce Ils (Pani et al.,
1981; Swart et aL., 1983).

4,4',6- Trimethylangelicin

4,4',6-Trimethylangelicin formed a complex with DNA in vitro in the dark (Guiotto et
al., 1984). It photobound covalently to DNA in vitro in the presence of UV A but did not
form DNA interstrand cross-links (Baccichetti et al., 1984; Guiotto et al., 1984).

ln the dark, 4,4',6-trimethylangelicin was not mutagenic to S. typhimurium T A98 or
T AIOO (Guiotto et al., 1984). ln the presence of UV A, it was mutagenic to E. coli WP2 uvrA
(Baccichetti et aL., 1984; Guiotto et al., 1984).

(b) Humans

Taxie effects
Treatment with angelicin (purity unspecified) and irradiation with sunlight or UV A at

365 nm produced slight 'phototoxic' erytherna in human skin (Musajo et aL., 1954; Musajo &
Rodighiero, 1962). Kavli et al. (1983b) reported that angelicin with subsequent UV A
irradiation produced erythema in the depigrnented skin of a patient with vitiligo.

Erytherna appeared in two patients treated topically on two different areas of damaged
skin with 10 ¡.gj crn2 4,4'-dimethylangelicin three and 12 times, respectively, and irradiated
with UV A. ln the patient treated 12 times, pigmentation was seen in the exposed areas
(Recchia et al., 1983a,b).

Pathak et al. (1984) described slight melanogenic stirnulating activity of 5-methylangelicin
and 4,5'-dimethylangelicin when applied to normal hurnan skin at 50-500 ¡.gj 6 cm2 (8.3-83
¡.gj cm2), followed by UV A exposure of 12 J j cm2.
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Pigmentation, but not erythema, was induced in five psoriatic patients treated topically
with 5 ¡.g/ cm2 4,4',6-trimethylangelicin and irradiated with 2.5-13 J / crn2 UV A five times a

week for two to three weeks (Guiotto et aL., 1984).

Effects on reproduction and prenatal toxicity

No data were available to the Working Group.

Absorption, distribution, excretion and metabolism

No data were available to the Working Group.

Mu tagen icit y and chromosomal effects

No data were available to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Angelicin and its methoxy derivatives occur in a number of plants belonging to the
Umbelliferae family. These compounds have been tested clinically in combination with
ultraviolet A radiation for use in the treatment of psoriasis. Human exposure occurs
through contact with or ingestion of the plants in which these compounds occur.

4.2 Experimental data

Angelicin, 5-methylangelicin and 4,5' -dimethylangelicin, with and without ultra violet A
radiation, were tested for skin carcinogenicity in rnice by skin application. AIl compounds
produced skin cancers when administered with ultraviolet A radiation but not when given
alone. The presence of sorne linear psoralen impurities in the methylangelicins cannot be
excluded and rnay have influenced the results obtained. The studies were inadequate to
evaluate the systemic carcinogenicity of these compounds. No data were available to
evaluate the carcinogenicity to experirnental anirnals of 4,4'-dimethylangelicin or 4,4',6-
trimethylangelicin.

No data were available to evaluate the reproductive effects or prenatal toxicity of
angelicin or its rnethyl derivatives.

Angelicin, in the presence of ultraviolet A radiation, bound covalently to isolated DNA
and to DNA in bacteria, yeast and cultured mamrnalian cells. ln the dark, both positive and
negative findings were observed for rnutagenicity in bacteria, but angelicin was not
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mutagenic to yeast. ln the presence of ultraviolet A radiation, it was mutagenic to phage,
bacteria and yeast. ln the presence of ultraviolet A radiation, but not in the dark, it induced
sister chromatid exchanges, chromosomal aberrations and micronuclei in mammalian cells
in vitro.

5-Methylangelicin bound covalently to isolated DNA in the presence of ultraviolet A
radiation. It was mutagenic to bacteria both in the dark and in the presence of ultraviolet A
radiation. ln combination with ultraviolet A radiation, it induced mutations and sister
chromatid exchanges in mamrnalian cells in vitro.

4,4'-Dimethylangelicin, in the presence of ultraviolet A radiation, bound covalently to
isolated DNA and to DNA in bacteria. ln the dark, it was not mutagenic to Salmonella
typhimurium. ln the presence of ultraviolet A radiation, it was mutagenic to Escherichia coli
and induced cytoplasrnic petite mutations in Saccharomyces cerevisiae.

4,5'- Dimethylangelicin, in the presence of ultraviolet A radiation, bound covalently to
isolated DNA and to DNA in cultured mouse tumour cells and was mutagenic to bacteria,
yeast and cultured Chinese harnster cells.

4,4',6- Trimethylangelicin, in the presence of ultraviolet A radiation, bound covalently to
isolated DNA. ln the dark, it was not rnutagenic to Salmonella typhimurium. ln the

presence of ultraviolet A radiation, it was mutagenic to Escherichia coli.

Overall assessment of data from short-term tests: Angelicina

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes ?
+* +*

Fungi/ Green plants -
+* +*

Insects

Mammalian cells -
(in vitro) +* +*

Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Cell transformation:
Inadequate (in the dark) No data
Suffcient (in combination with UV A)

*In combination with uv A
aThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.
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Overall assessment of data from short-term tests: 5-Methylangelicina

Genetic activity Cel! transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes +* +
+*

Fungij Green plants

Insects

Mammalian cells +* +*
(in vitro)

Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Cell transformation:
Inadequate (in the dark) No data
Suffcient (in combination with UV A)

*In combinat ion with UV A
oThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.

Overall assessment of data from short-term tests: 4,4' -Dimethylangelicina

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes +* -
+*

Fungij Green plants +*

Insects

Mammalian cells
(in vitro)

Mammals
(in vivo)

H umans

(in vivo)

Degree of evidence ln short-term tests for genetic activity: Cell transformation:
Inadequate (in the dark) No data
Limited (in combination with UV A)

*In combination with UV A
OThe gr~ups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.
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Overall assessment of data from short-term tests: 4,5' -Dimethylangelicina

Genetic activity Cell transformation

DNA da mage Mutation Chromosomal
effects

Prokaryotes +* +*

Fungij Green plants +*

Insects

Mammalian cells
(in vitro) +* +*

Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence II short-term tes ts for genetic activity: Cell transformation:
Inadequate (in the dark) No data
Suffcient (in combination with UV A)

*In combination with UV A
aThe groups into which the table is divided and the symbols used are defined on pp. l 9-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.

Overall assessment of data from short-term tests: 4,4',6- Trimethylangelicina

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes -
+* +*

Fungij Green plants

Insects

Mammalian cells
(in vitro)

Mammals
(in vivo)

.

H umans

(in vivo)

Degree of evidence in short-term tests for genetic activity: Cell transformation:
Inadequate (in the dark) No data
Inadequate (in combination wIth UV A)

*In combination with UV A
aThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.
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4.3 Human data

No case report or epidemiological study of the carcinogenicity of angelicin or its
synthetic methyl derivatives was available to the W orking Group.

4.4 Evaluationl

There is limited evidence for the carcinogenicity to experimental anirnals of angelicin,
5-methylangelicin and 4,5'-dimethylangelicin in cornbination with ultraviolet A radiation.
There is inadequate evidence for the carcinogenicity of these compounds to experimental
animaIs in the absence of ultraviolet A radiation.

No data were available to evaluate the carcinogenicity to experimental animaIs of
4,4' -dimethylangelicin or 4,4' ,6-trimethylangelicin.

No evaluation could be made of the carcinogenicity of angelicin or its methyl derivatives
to humans.
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3-eARBETHOXYPSORALEN

1. ehemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 20073-24-9

Chem. Abstr. N ame: 7 -Oxo-7 H-furo(3,2-g)( 1 )benzopyran-6-carboxylic acid, ethyl ester

iu PA C Systematic N ame: Ethyl 7 -oxo-7 H-furo(3,2-g)( 1 )benzopyran-6-carboxylate;

((6-hydroxy-5-benzofuranyl)methylene)malonic acid, o-Iactone, ethyl ester
Synonyms: 3-CPs; 3-ethoxycarbonylpsoralen; ethyl 3-psoralencarboxylate

1.2 Structural and molecular:ormulae and molecular weight

o

CH3- CHi-O-C
Il

o

Ci4Hio05 MoL. wt: 258.23

1.3 Chemical and physical properties of the pure substance

(a) Description: Orange needles (Worden et aL., 1969)

(b) Melting-point: 153-154°C (Worden et al., 1969)

(c) Spectroscopy data: Ultraviolet (A verbeck et al., 1979; Vigny et al., 1979; Gaboriau
et aL., 1981), infrared and nuclear magnetic resonance (Jameson et al., 1984),
fluorescence (Vigny et aL., 1979; Gaboriau et al., 1981) and triplet and radical anion
and cation absorption spectral data (Craw et al., 1983; Bensasson et al., 1984) have
been reported.
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(d) Solubilty: Very slightly soluble in water (13 mg/l) (Dall'Acqua et al., 1981);
soluble in acetone (Dubertret et al., 1979) and ethanol (Mullen et al., 1984)

(e) Stabilty: Water-ethanol solutions of 3-carbethoxypsoralen under 365 nm irra-

diation showed degradation (Vigny et al., 1979; Dubertret et al., 1981)

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

3-Carbethoxypsoralen is not currently produced in commercial quantities. Queval and
Bisagni (1974) and Worden et al. (1969) described laboratory-scale synthesis of this
compound utilizing 5-formyl 6-hydroxybenzofuran as the immediate precursor.

(b) Use

3-Carbethoxypsoralen has been investigated for potential use in the photochemo-
therapy of psoriasis and other dermatological conditions (Dubertret et aL., 1979,1981).

2.2 Occurrence

3-Carbethoxypsoralen is not known to occur as a natural product.

2.3 Analysis

3-Carbethoxypsoralen can be separated from its thyrnidine adducts using reverse-phase
high-performance liquid chrornatography (Cadet et al., 1983).

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

3.1 Carcinogenicity studies in animais

(a) Skin application

Mouse: Groups of20 male and 20 female XVII nc/ Z rnice, 12-14 weeks old, received skin
applications of 40 ,al of an acetone solution of 3-carbethoxypsoralen on each ear (15
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¡.gj cm2) on five days per week for 21 or 39 weeks (106 or 196 treatments). The mice were
each irradiated 15 min after the skin application (using four Philips HPW 125 larnps,
wavelength mostly 365 nm; .c340 nm eliminated by running-water filter using two Pyrex
glass slides) to give a dose of 365 nm light at the level of the ears of 28 J / m2 / sec (dose of 1.68
x 104 J / m2 as a lO-min irradiation each time). No skin tumour or other skin lesion was
observed. One control group of 20 males and 20 females received 115 applications on each
ear of 15 ¡.g/ cm2 methoxsalen (because of the photocarcinogenic potential of this chemical
(see IARC, 1980)) followed by a radiation dose of 1.68 x 104 J / m2; 37/40 animaIs were alive
when the first skin carcinoma appeared, and 92% of them developed tumours at the site of
application (mostly squamous-cell carcinomas). Two other control groups of ten males and
ten females each received either 106 applications of 3-carbethoxypsoralen without irra-
diation or 106 UV A radiation doses of 1.68 x 104 J / m2 without 3-carbethoxypsoralen; no
skin tumour or other skin les ion was observed in animaIs in either of these groups. The
ex periment was terminated when the animaIs were 22 months old, at which time ?85% mice
were alive in all groups (Dubertret et al., 1979).

A group of 40 male Skh:hairless-l albino mice, six weeks old, was given thrice-weekly
applications of 0.05 ml of a O. 1 % ethanol solution of crystalline 3-carbethoxypsoralen on the
skin of the back for 50 weeks. The experiment was terminated at 12-15 months (time
unspecified). The animaIs were then immobilized for 45 min and irradiated with UV A light
(six FR 40Tl2j PUV A Sylvania Lifeline bulbs emitting radiation of 320-400 nm, with a
maximum wavelength of 355 nm; wavelengths ':320 nm were eliminated with a Mylar filter
(irradiance unspecified)). The radiation dose per treatment was 1 X 104 J / m2 (total dose, 120

x 104 J / m2). Four groups of 20 mice each were treated with 3-carbethoxypsoralen alone or
with UV A irradiation only (total doses, 148,250 and 751.5 x 104 J / m2). No skin tumour was
observed in any of these groups. ln a fifth control group of 20 animaIs treated with a O. 1 %

ethanol solution of methoxsalen followed by 1.0 x 104 J / m2 UV A irradiation (total dose,
220 x 104 J / m2), the tumour yield was 70% (mortality rate unspecified) with time required to
produce a tumour incidence of 50% in surviving animaIs of 60 weeks (Mullen et aL., 1984).

(h) Intraperitoneal administration

Mouse: A group of20 male and 20 female XVIInc/ Z mice, 12-14 weeks of age, received
36 intraperitoneal injections of20 mg/ kg bw (0.4 mg/ mouse) 3-carbethoxypsoralen in olive
oil, each of which was followed 60 min later by 1.68 x 104 J j m2 UV A irradiation (four
Philips HPW 125 lamps, 365 nm; ':340 nm eliminated by filters). The experiment was
terminated when animais were 22 months old, at which time 38/40 animaIs in the treated
group were still alive; no tumour was observed. A control group of 20 male and 20 fernale
Swiss mice received intraperitoneal injections of methoxsalen followed by irradiation at the
same dose levels. ln this group, 37/40 animaIs were alive when the first tumours appeared;
90% of them developed tumours, which were mostly sarcomas of the ears but also occurred
on other hairless areas (paws) (Dubertret et aL., 1979).
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3.2 Other relevant biological data

(a) Experimental systems

The photochernical and photobiological properties of 3-carbethoxypsoralen have been
reviewed (Dubertret et aL., 1981; Averbeck, 1982).

Taxie effects

Administration of 10-1000 ¡.g/2.5 cm2 3-carbethoxypsoralen and subsequent irra-
diation with UV A (::320 nm) did not induce any visible change in the dorsal shaved skin of
albino guinea-pigs (Pathak et aL., 1967). .

3-Carbethoxypsoralen administered topically (4 mg/ mouse) in acetone or orally (25
mg/ kg bw) in corn oil followed by irradiation with UV A (50 kJ / m2) 1 or 2 h later,
respectively, did not significantly increase epidermal ornithine decarboxylase activity or
S-adenosyl-L-methionine decarboxylase activity in hairless mice (Connor & Lowe, 1984).
Groups of female Skh:hairless-l mice received a single dose of 25 mg/ kg bw 3-carb-
ethoxypsoralen in corn oil by gavage and were irradiated with UV A 2 h later (5 J / cm2), or a
single topical application of 200 ¡.i of a 2% solution of 3-carbethoxypsoralen in acetone on
the back with UV A irradiation 1 h later (5 J / cm2). 3-Carbethoxypsoralen failed to induce
epidermal ornithine decarboxylase activity; topical application of 50 ¡.i of a 1 % 3-carb-
ethoxypsoralen solution plus UV A stimulated rather than suppressed DNA synthesis
(Lowe et aL., 1984). ln contrast, Dall'Acqua et al. (1981) reported that topical application of

3-carbethoxypsoralen to mice, followed by irradiation with 365 nm light inhibited
epidermal DN A synthesis.

Various enzymes (glutamate dehydrogenase, 6-phosphogluconate dehydrogenase,
lysozyme, enolase and ribonuclease) were inactivated by irradiation for 3 h at 365 nm in the
presence of 3-carbethoxypsoralen. Inactivation appeared to be rnediated by singlet oxygen
(Veronese et aL., 1982).

Effects on reproduction and prenatal toxicity

No data were available to the Working Group.

Absorption, distribution, excretion and metabolism

14C-Labelled 3-carboxypsoralen rapidly penetrated mouse epidermis (Dubertret et al.,

1979).

Mutagenicity and other short-term tests

3-Carbethoxypsoralen was reported to form a cornplex with DN A in vitro in the dark in
several studies (Vigny et aL., 1979; Dall'Acqua et al., 1981; Gaboriau et aL., 1981; Ronfard-
Haret et al., 1982; Rodighiero & Dall'Acqua, 1984) but not inanother (Isaacs et aL., 1984). It
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photobound covalently to DNA in vitro (Averbeck et aL., 1978; Vigny et aL., 1979;
Magaña-Schwencke et al., 1980; Dall 'Acqua et al., 1981; Gaboriau et al., 1981; Cadet et al.,
1983; Rodighiero & Dall'Acqua, 1984) and in Saccharomyces cerevisiae (Averbeck et al.,
1978; Averbeck, 1985), but did not produce DNA interstrand cross-links in either system
(Averbeck et al., 1978; Gaboriau et aL., 1981).

ln the presence of UV A, 3-carbethoxypsoralen induced prophage in Salmonella

typhimurium TAl535 but not in TAl538 (Connor et al., 1983). ln a DNA repair test in
Escherichia coli, the recA strain was more sensitive to 3-carbethoxypsoralen plus UV A than
the wild-type strain (Grossweiner & Smith, 1981).

DNA damage induced by 3-carbethoxypsoralen plus UV A was repaired in S. cerevisiae,
as observed by an increase in the sensitivity of repair-defective mutants as compared to wild
types (Averbeck et al., 1978; Averbeck & Averbeck, 1979; Henriques & Moustacchi,
1980a,b).

ln the dark, this compound was not mutagenic to S. typhimurium T A1535, T A1537,
T A1538, T A98 or T A 100 when tested in the absence of an exogenous metabolic system at
concentrations of up to 900 f.gj plate (Quinto et al., 1984). 3-Carbethoxypsoralen plus UV A
induced cytoplasmic 'petite' mutations in S. cerevisiae (Juliani et al., 1976; Averbeck &
Moustacchi, 1979; A verbeck et aL., 1981; A verbeck, 1985). It photoinduced reverse
(Averbeck & Moustachi, 1980; Cassier et aL., 1980; Averbeck et aL., 1981) and forward
mutations in haploid S. cerevisiae (Cassier et al., 1980; A verbeck et aL., 1981) and reverse

mutations and mitotic recombination in diploid S. cerevisiae (Averbeck & Moustacchi,
1979; A verbeck, 1985).

3-Carbethoxypsoralen plus UV A increased the number of 6-thioguanine-resistant
mutants in cultured Chinese hamster V79 and ovary cells (Papadopoulo et aL., 1983;
Loveday & Donahue, 1984).

This compound photoinduced sis ter chromatid exchanges In cultured Chinese hamster
ovary cells (Ashwood-Smith et al., 1981; Loveday & Donahue, 1984) and increased the
incidence of sis ter chromatid exchanges in cultured human embryonic fibroblasts (Bilardon
et al., 1984).

(b) Humans

Taxie effects
When 2% 3-carbethoxypsoralen in lanolin was applied to the skin of ten psoriatic

patients 2 h before UV A irradiation (mean dose of 4 1 7 J j cm2), four times per week for an
average of 33 treatments, erythema was reported in six patients and pruritus in three ofthese
six. Localized hyperpigmentation was not observed (Dubertret et al., 1979).

Effects on reproduction and prenatal toxicity
No data were available to the W orking Group.

Absorption, distribution, excretion and metabolism
No data were available to the Working Group.
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Mu tagen icit y and chromosomal effects
No data were available to the W orking Group.

3.3 Case reports and epidemiological studies on carcinogenicity to humans

No data were available to the W orking Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

There is no known human exposure to 3-carbethoxypsoralen, other than in limited
clinical trials for the treatment of psoriasis.

4.2 Experimental data

3-Carbethoxypsoralen was tested for skin carcinogenicity in two experiments in two
strains of mice by skin application with and without ultraviolet A radiation and in one study
in mice by intraperitoneal adrninistration with subsequent ultraviolet A radiation. No skin
tumour was observed in 3-carbethoxypsoralen-treated mice in any of the three studies, with
ultraviolet A radiation. The studies were inadequate to evaluate the systemic carcino-
genicity of 3-carbethoxypsoralen.

No data were available to evaluate the reproductive effects or prenatal toxicity of
3-carbethoxypsoralen to experimental animaIs.

ln the presence of ultraviolet A radiation, 3-carbethoxypsoralen bound covalently to
isolated DNA and induced DNA damage in Salmonella typhimurium, Escherichia coli and
Saccharomyces cerevisiae. It was not mutage nie to Salmonella typhimurium in the dark in
the absence of an exogenous metabolic system. ln cornbination with ultraviolet A radiation,
3-carbethoxypsoralen induced rnutations and mitotic recombination in yeast and mutations
and sister chromatid exchanges in cultured mammalian cells in vitro.

4.3 Human data

No case report or epidemiological study of the carcinogenicity of 3-carbethoxypsoralen
was available to the W orking Group.

4.4 Evaluationl

On the basis of experiments designed to test only the carcinogenicity to mouse skin of
3-carbethoxypsoralen in combination with ultraviolet A radiation, there is no evidence of
carcinogenicity to experimental anirnals.

¡For definition of the italicized terms, see Preamble, p. 18.
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Overall assessment of data from short-term tests: 3-Carbethoxypsoralena

Genetic activity Cell transformation

DNA da mage Mutation Chromosomal
effects

Prokaryotes +* ?

Fungij Green plants +* +*

Insects

Mammalian cells
(in vitro) +* +*

Mammals
(in vivo)

H umans

(in vivo)

Degree of evidence in short-term tests for genetic activity: Cell transformation:
Inadequate (in the dark) No data
Suffcient (in combination with UV A)

.In combinat ion with UV A
oThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.

There is inadequate evidence for the carcinogenicity to experimental animaIs of

3:'carbethoxypsoralen in the absence of ultraviolet A radiation.

No evaluation could be made of the carcinogenicity of 3-carbethoxypsoralen to hurnans.
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1. ehemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 484-20-8

Chem. Abstr. Name: 4-Methoxy-7 H-furo(3,2-g)(I)benzopyran-7-one
iu PA C Systematic Names: 6-Hydroxy-4-methoxy-5-benzofuranacrylic acid, o-lactone;
4-methoxy-7 H-furo(3,2-g)( 1 )benzopyran-7 -one

Synonyms: Bergaptan; bergapten; bergaptene; heraclin; majudin; 5-methoxy-6,7-
furanocoumarin; 5-MOP

1.2 Structural and molecular formulae and molecular weight

o

O-CH3

C12H804 MoL. wt: 216.19

1.3 Chemical and physical properties of the pure substance

(a) Description: Needles from ethanol (Windholz, 1983)

(b) Melting-point: 188°C with sublimation (Windholz, 1983)

(c) Spectroscopy data: Ultraviolet (Sadtler Research Laboratories, 1985 (32766a)),

infrared (Jameson et aL., 1984; Sadtler Research Laboratories, 1985; prismj grating
(59028)), proton nuclear magne tic resonance (Sadtler Research Laboratories, 1985
(32018)), C-13 nuclear magnetic resonance (Bergenthal et al., 1978; Eigamal et al.,
1978; Ivie, 1978; Elgamal et al., 1979; Mitra et al., 1979; Duddeck et aL., 1980;

aSpectrum number in Sadtler compilation
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Jameson et aL., 1984), fluorescence (Mantulin & Song, 1973; Matsumoto & Isobe,
1981; Song et aL., 1981; Bettero & Benassi, 1983; Sa E Melo et aL., 1984a) and mass
spectral data (ICIS Chemical Information System, 1984 (MSSS)) have been
reported.

(d) Solubilty: Practically insoluble in boiling water; slightly soluble in glacial acetic

acid, chloroform, benzene and warm phenol; soluble in absolute ethanol (Windholz,
1983)

1.4 Technical products and impurities

One preparation of 5-methoxypsoralen contained 7.3% of a dimethoxypsoralen isomer
(Jameson et al., 1984).

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

5-Methoxypsoralen has been isolated from oil of bergamot, which is derived from the
Mediterranean fruit Citrus bergamia (Cieri, 1969). Kalbrunner first isolated 5-methoxy-
psoralen from bergamot oil in 1834 (Fowlks, 1959).

5-Methoxypsoralen was first synthesized in 1937 by Spath et aL., by the condensation of
3,4,6-triacetoxycoumaran with ethyl sodium formyl acetate and methylation of the

resulting product. Other synthetic routes have been described which use 6-formyl-7-
hydroxy-5-methoxycoumarin-7-0-acetic acid (Howell & Robertson, 1937), the rnethyl ester
of 2,6-dioxy-4-methoxybenzoic acid (Caporale, 1958) and 5-allyloxy-7-hydroxycoumarin
(Ahluwalia et aL., 1969) as precursors.

One French manufacturer is currently producing commercial quantities of 5-methoxy-
psoralen and first introduced it as a pharrnaceutical in 1983 (Paul de Haen International,
1984).

(b) Use

5-Methoxypsoralen, in cornbination with UV A, is commonly used as a photochemo-
therapeutic agent for the treatrnent of psoriasis (Hönigsrnann et al., 1979).

As a component of bergarnot oH, 5-rnethoxypsoralen is present in sorne perfumes and
fragances, sunscreen preparations and food products (Furia & Bellanca, 1971; Ashwood-
Smith, 1979; Anon., 1981; Marks, 1984).
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(c) Regulatory status and guidelines

The US Hazardous Substances Act (US Consurner Product Safety Commission, 1973)
classifies consumer prod ucts containing 2% or more bergamot oil as 'strong sensitizers'. The
1976 Cosmetic Directive of the European Economie Community (1976) excludes the use of
furocoumarins in cosmetics except for the normal content of natural essences.

Bergamot oil is not currently listed as a 'generally recognized as safe' (GRAS) food
additive or natural flavouring substance by the US Food and Drug Administration (1984).

2.2 Occurrence

(a) Naturaloccurrence

5-Methoxypsoralen is found in oil of bergamot, which is derived from the rind of the
orange-like Mediterranean fruit Citrus bergamia. Natural bergamot oil typically contains
3000-3600 ¡.g/ g 5-methoxypsoralen. Nearly all bergamot oil sold in the USA for use in

consumer products has been steam-distilled, which reportedly removes 5-methoxypsoralen
and any other furocoumarins (Ashwood-Smith et aL., 1980).

5-Methoxypsoralen can not only be isolated from bergamot oil (Suzuki et aL., 1979;
Croud et aL., 1983) but has also been found in expressed oil of lime (Citrus aurantifolia)
(Cieri, 1969), oils of grapefruit (c. paradisi) and sour orange (c. aurantium) (Fisher &
Trama, 1979), leaves of the fig tree (Ficus carica) (Innocenti et aL., 1982), parsley
(Petroselinum crispum) (Rodighiero & Allegri, 1959) and parsnip (Pastinaca sativa)
(Berenbaum, 1981; Ivie et aL., 1981), celery (Apium graveolens) (Beier et al., 1983), Bolanites
aegyptiaca, an Egyptian bark (Seida et aL., 1981) and numerous Umbelliferae, including
Ammi majus from US and Egyptian sources (Balbaa et al., 1975; Haggag & Hilal, 1977; Ivie,
1978; Hilal et aL., 1982), Angelica atropurpurea, Cicuta maculata and C. bulbifera, Conium
maculatum and Sium suave (Berenbaum, 1981) and in numerous species of Heracleum
(Beyrich, 1968; Berenbaum, 1981; Kavli et al., 1983a,b, 1984). Elevated levels (10 ¡.g/ g) were
found in diseased celery (Ashwood-Smith et al., 1985).

Measured levels in various plants and plant extracts are listed in Table 1.

(b) Foods

Bergamot oil has been reported as an additive in nonalcoholic beverages (8.9 ¡.g/ g), ice
cream (7.9 ¡.g/ g), sweets (27 ¡.g/ g), baked goods (29 ¡.g/ g), gelatins and puddings (5.3-90

¡.g/ g), chewing-gum (43 ¡.g/ g) and icings (1.0-130 ¡.g/ g) (Furia & Bellanca, 1971).

(c) Other

Concentrations of' 5-methoxypsoralen in perfumes have been reported to range from
0- 100 ¡.g/ ml (Zaynoun, 1978), while sunscreen preparations with bergamot oil contain
10-50 ¡.g/mI5-rnethoxypsoralen (Ashwood-Smith & Poulton, 1981; Cartwright & Walter,
1983). An early sample of a perfume, produced in 1964, contained 1000 ¡.g/ ml (Marzull &
Maibach, 1970).
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Table 1. Natural occurrence of 5-methoxypsoralen in plants and plant extracts

Sample source Concentration
(¡ig/ g)

Reference

Angelica (seed)

Angelica (root)

Ammi majus

400

1000

Il 00- 1 500

Lime (c. auraniifolia) oil
Parnsnip (Pastinaca sativa)

1700-3300

3-4

Cieri (1969)

Ding & Zhang (1981)

Balbaa et aL. (1975);
Ivie (1978)

Susuki et aL. (1979)
Marzulli & Maibach (1970);
Croud et aL. (1983)
Cieri (1969)
Opdyke (1973)

Beier et al. (1983);
Ashwood-Smith et aL. (1985)

Cieri (1969)

Ivie et al. (1981)

Bergamot (Citrus bergamia) oil 0- 1 130

3700

Celery (Apium graveolens)

300-3600
3900

0.04-0.69

2.3 Analysis

Selected methods for the analysis of 5-methoxypsoralen in various rnatrices are
identified in Table 2. 5-Methoxypsoralen has been measured in various media using
thin-layer chromatography (TLC), fluorirnetry, gas chromatography, high-performance
liquid chromatography, ultraviolet spectroscopy and mass spectrometry, alone or in
combination with other methods.

Bioassays using microorganisrns have also been used, on the basis of the light-induced
phototoxicity of 5-methoxypsoralen toward several species in vitro. These assays involve
growing Candida albicans, Penicillum expansum or a DN A repair-deficient strain of
Escherichia coli on agar plates to confluence and spotting furocournarin solutions onto the
plates. The plates are irradiated with long-wave ultraviolet (UV A) light, and the presence
and size of the clear (kiled zones) surrounding the sam pIe are measured. The sensitivity of
such bioassays is in the ng to ¡.g range, depending on the microorganisms used as the
detector species (Zaynoun, 1978; van der Sluis et al., 1981; Ashwood-Smith et al., 1983;
Kavli et aL., 1983a,b).

A variety of TLC methods have been used in the analysis of 5-methoxypsoralen. For
sample preparation, plant materials have been extracted with methanol, ethyl acetate or
chloroforrn (Balbaa et aL., 1975; Hilal et al., 1982; Ashwood-Srnith et al., 1983; Kavli et aL.,
1983a,b); 5-methoxypsoralen has been isolated from fragrance preparations by chemical
modification (using the opening and reclosure of the lactone ring) and ether extractions.
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Table 2. Methods for the analysis of 5-methoxypsoralen

Sample matrix Sample preparation Assa y Limit of Reference
procedurea detection

Bergamot oil Saponify; wash with diethyl ether; GCj FID 1 ¡.g/g Suzuki et aL. (1979)

acidify to recyclize lactone; extract GC/MS
with chloroform

Fragrances Saponify; wash with diethyl ether; TLCj FL 10 ¡.g/ g Wisneski (1976)

acidify to recyclize lactone; extract
with diethyl ether

Parsnip root Extract with ethyl acetate; isolate GCj FID 0.3 ¡.g/ g Ivie et aL. (1981)

by TLC; extract from TLC gel with
diethyl ether

Perfume and Extract with dichloromethane HPLCj UV 1 ¡.g/g Bettero & Benassi

sunscreen (1981 )

products Inject directly or (for emulsions) HPLCj FL 5 ng/ g Bettero & Benassi

dilute with tetrahydrofuran and pass (1983)
through 0.45-¡.m fiter

a AbbreviatIons: GC, gas chromatography; FID, f1ame-ionizatIon detection; MS, mass spectrometry; TLC, thin-layer chromato-

graphy; FL, f1uorimetric detection; HPLC, high-performance liquid chromatography; UV, ultraviolet detection

One- and two-dimensional TLC have been used to separate 5-methoxypsoralen from other
furocoumarins. TLC plate fractions have been quantified by fluorimetry directly on the
plate, with a sensitivity of 0.2 ¡.g and a linear response of 10- 1 000 ¡.g/ g (Wisneski, 1976); by
fluorimetry on eluted TLC samples, with a reported sensitivity of 0.5 ¡.g/ g (Hilal et al.,
1982); and by measuring phototoxicity in microorganisms (van der Sluis et al., 1981;
Ashwood-Smith et aL., 1983).

High-performance liquid chromatography has been used by several research groups to
separate and quantify 5-methoxypsoralen in plant extracts and essential oils, using both
normal and reverse-phase columns (Berenbaum, 1981; Verger, 1981; Thornpson & Brown,
1984). Ultraviolet detection is reported to provide sensitivity in the ¡.g/ grange (Bettero &
Benassi, 1981; Beier et al., 1983; Vande Cas tee le et al., 1983), while fluorescence detection
provided sensitivity in the ng/ g range (Fisher & Trama, 1979; Bettero & Benassi, 1983).

Exposure of humans to 5-methoxypsoralen can be monitored by measuring concen-
trations of 5-methoxypsoralen in plasma using high-perforrnance liquid chromatography
and gas chrornatography, with a limI- of detection of approximately 5 ng/ rnl (Schmid et al.,
1981).
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animais

Skin application

Mouse: Groups of20 male and 20 female hairless albino mice (an outbred strain from the
Institute of Dermatology, London), eight to ten weeks old, received topical applications of
0.01% or 0.03% solutions of crystalline 5-methoxypsoralen or methoxsalen (purity, 100%;
confirmed by absorption spectroscopy, thin-Iayer chromatography and mass spectrometry)
in 70:30 (v / v) BP-grade arachis oil and isopropyl myristate on both flanks on five days per
week for up to 37 weeks. After each application, the animaIs were immobilized for 30 min
and then received simulated solar irradiation (vertically-mounted, water-cooled 6 KW
Xenon arc simulatinß solar radiation with 2-rnm Schott glass WG320 filter) for 50 min. The
estimated daily dose of irradiation was 1.7 X 104 J / m2, of which approximately 400 J / m2
were UVB radiation. Seven control groups were either left untreated or were treated with
vehicle alone, arachis oil alone, simulated solar irradiation alone, vehicle plus irradiation, or
applications of 0.03% 5-methoxypsoralen or 0.03% methoxsalen without irradiation. The
groups treated with rnethoxsalen and irradiation served as controls (because of the
photocarcinogenic potential of this chemical (see IARC, 1980)). Mortality rates and mean
numbers of skin tumours ): 1 mm in diameter per surviving animal after 26 weeks of
treatment are summarized in Table 3. A random sam pIe of tumours was examined
histologically, and 83% of the skin tumours in the group treated with 5-methoxypsoralen
and irradiation were found to be papilomas. Trend tests using life-table methods indicated
a positive dose-related trend in incidence for treatment with either 5-methoxypsoralen (p.:
0.01) or methoxsalen (p .: 0.01) in combination with simulated solar radiation. A dose-
adjusted life-table test comparing the relative tumour incidences in these two groups showed
no statistically significant difference at the 5% level (Young et al., 1983). (The W orking
Group noted that the duration of the studies with 5-rnethoxypsoralen was too short to
evaluate the carcinogenicity of this chemical alone.)

A group of 20 male and 20 female XVII nc/ Z albino mice, 12-14 weeks old, received

topical applications of 40 tLl of a 0.025% solution of 5-methoxypsoralen (purity, 100%;
confirmed by high-performance liquid chromatography and mass spectrometry) in acetone
on each ear (= 10 tLg/ cm2) on five days per week for 23 weeks (115 treatments). Fifteen
rninutes after each application, rnice were irnmobilized and irradiated for 10 min (four
Philips, HPW 1 25lamps, 365 nm; wavelengths ,:340 nm were eliminated by running-water
filter of two 6-mm Pyrex glass slides; irradiance at ear level, 28 J / m2 / sec), corresponding to
a dose of 1.68 X 104 J / m2. Eight months after the last 5-rnethoxypsoralen application, the 20
females received thrice-weekly promoting applications of 1 tLg 12-0-tetradecanoylphorbol
13-acetate (TP A; 40 applications). Two control groups of 40 rnice each received 115
applications of psoralen or methoxsalen plus UV A irradiation. Further control groups of21
mice (sex unspecified) received applications of acetone followed by chronic radiation
treatment or skin applications of psoralen without irradiation and were followed for 21
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Table 3. Total and mean numbers of skin tumours per mouse surviving at 26
weeksa

Treatmentb Mean no. of tumours/ mouseTotal no. of tumours

No. of surviving mice

No treatment
Vehicle alone
Arachis oil alone
SSR alone
Vehicle plus SSR
Methoxsalen (0.03%) alone
5-MOP (0.03%) alone
Methoxsalen (0.03%) + SSR
5-MOP (0.03%) + SSR
Methoxsalen (0.01%) + SSR
5-MOP (0.01%) + SSR

2/40
1/31
8/39

18/33
14/39
6/26
5/31

372/38
179/3 1

69/36
84/34

0.05
0.03
0.2
0.5
0.4
0.2
0.2
9.8
5.8
1.9
2.5

aFrom Young et al. (1983)

bSSR, simulated solar radiation; 5-MOP, 5-methoxypsoralen

months. After 16 months, 19/20 males treated with 5-methoxypsoralen plus UV A were
alive; 17/20 (85%) surviving the minimallatency developed skin carcinomas, and 25% had
multiple tumours. After 15 months, 18/20 females treated with 5-methoxypsoralen plus
UV A plus TP A were alive; all developed tumours, and 66% had multiple tumours (see also
Table 4). ln the first two control groups, 37/38 (97%) mice receiving psoralen treatment plus
irradiation developed tumours, and 20/38 (52%) had multiple tumours; 34/37 (92%) ofrnice
receiving methoxsalen plus irradiation developed tumours, and 16/37 (45%) had multiple
tumours. Mean latent periods for tumour developrnent were 16 months for treatment with
5-methoxypsoralen plus irradiation, 13.5 months for treatment with methoxsalen plus
irradiation and 9.3 months for treatment with psoralen plus irradiation. Most of the
tumours were squamous-cell carcinomas invading the dermis and cartilage. Metastases in
the regional cervical lymph nodes occurred in 20% of tumour-bearing animaIs. At 22
months of age, 20/21 and 19/21 mice receiving treatment with acetone plus irradiation and
treatment with psoralen alone, respectively, were still alive; no tumour was observed in
either group (Zajdela & Bisagni, 1981). (The W orking Group noted that a control group
receiving 5-methoxypsoralen without UV A was not included in this study.)

Groups of 15 female HRS/ J hairless albino rnice, eight weeks old, received skin
application of 4 l.l/ cm2 Sun System III oit (containing 25 mg/ kg 5-methoxypsoralen and
ethyl hexyl-para-methoxycinnamate, a UVB screen) on their backs on five days per week for
20 weeks. The mice were immobilized for 60 min after each application and were irradiated

(lOOO-watt Xenon arc solar-simulator with dichroic rnirror, 335-nm long pass filter and
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Table 4. Skin tumonr incidences in mice treated with psoralens with and
without irradiation, or with irradiation alonea

Treatmentb No. of animaIs No. of animaIs % of animaIs
at risk with tumour

(5-MOP + uv A) X 115 20M 20c 85

(5-MOP + uv A) X 115 + TPA 20F 18c 100

(Methoxsalen + UV A) X 115 40 37c 92

(20M+20F)

(Psoralen + UV A) X 115 40 38c 97.3

(20M+20F)

Psoralen X 140 21 19d 0

UV A X 196 21 20d 0

UFrom Zajdela and Bisagni (1981)

b 5- M OP, 5-methoxypsoralen; TP A, 12-0-tetradecanoylphorbol 13-acetate; UV A, 1.8 J / cm2

365 nm; psoralen, topical applications of io J.g/ cm2

cNumber of animaIs alive when the first carcinoma was observed in each group

dNumber of animaIs at the age of 22 months

water filter; UV A flux, 13 m W / cm2; UVB flux, 19 ¡. W / cm2). Groups received 2.5 X 104, 5 X

104 or 10 X 104 J / m2 UV A radiation. One control group of 15 mice received applications of

Sun System III oil only, and another group of six mice received UV A irradiation only (10 X
104 J / m2). The number of tumours ? 1 mm in diameter per surviving mouse at 44 weeks of
observation was dependent on the dose of radiation: 0.8 tumours at 2.5,3.5 turnours at 5 and
8 tumours at 10 X 104 J / m2; the percentages of animaIs with two or rnore tumours at that

time were 13 at 2.5,86 at 5 and 100 at 10 x 104 J/m2. At 44 weeks, 15/15,14/15 and 9/ 15
animaIs were still alive in the three groups, respectively. By 52 weeks, sorne of the tumours
had developed into large invasive tumours fixed to underlying tissue, especially in the group
receiving the highest dose of radiation. Histological examination showed that atypical
squamous-cell papilornas had progressed to invasive squamous-cell carcinomas (Cartwright
& Walter, 1983). (The Working Group noted the lack of controls given vehicle plus UV A
and the inadequate number of animaIs in the group receiving UV radiation alone, and that
the duration of the studies with 5-methoxypsoralen (Sun-System III) alone was too short to
evaluate the carcinogenicity of this compound itself.)

3.2 Other relevant biological data

(a) Experimental systems

The photochemistry and photobiology of psoralens, including 5-methoxypsoralen, have
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been reviewed (Musajo & Rodighiero, 1962; Scott et aL., 1976; Song & Tapley, 1979;
Pathak, 1984).

Taxie effects

The oral LDso for 5-methoxypsoralen has been reported to be 8100 mgl kg bw in NMRI
Hanover mice, :? 30 000 mgl kg bw in Wistar AF rats and 9000 mgl kg bw in Hartley

guinea-pigs (Herold et al., 1981).

When 5-methoxypsoralen was given orally to beagle dogs at daily doses of 100 or 400
mglkg (eight days), 60 mglkg (28 days) or 48 mglkg (26 weeks) (bw presumed), at the
highest doses tested there were delayed signs of behavioural toxicity, bullous dermatitis,
bilateral keratitis, decreased food consumption and decreased weight gain. The cutaneous
lesions were reversible, whereas the ocular lesions were not. Hepatomegaly, necrosis and
hepatic inflammation occurred in the 48-mgl kg dose group. ln the group receiving 60

mgl kg per day, polycythemia was present 24 h after administration of the last dose. At doses
lower than those specified there was no marked change (Herold et aL., 1981). (The W orking
Group noted the inadequate reporting of the data.)

When daily doses of 70, 280 or 560 mgl kg 5-methoxypsoralen were given orally to
Wistar AF rats for one year, several slight changes were observed at the highest dose, such as
increased water consumption, decreased weight gain, reduced blood urea and increased
liver weight. Thyroid hypofunction occurred early and persisted. Epidermoid cysts of the
thyroid (in males) were present in approximately one-third of slides examined from all three
treated groups (the numbers for controls were not given). A dose-dependent perimedullary
connective tissue proliferation of the ad renaIs was 0 bserved in females (Herold et al., 1981).
(The Working Group noted the inadequate reporting of the data.)

Application of 5-methoxypsoralen to guinea-pig skin (50 or 100 ¡.gl2.5 cm2) and

exposure to UV radiation or administration of an oral dose of 8.6 mgl kg bw 5-meth-
oxypsoralen and exposure to UV radiation induced marked erythema (Pathak &
Fitzpatrick, 1959).

5-Methoxypsoralen and UV A irradiation (306-428 nm; maximurn, 345 nm) kiled
cultured human lymphocytes. Blast transformation stimulated by phytohaemagglutinin did
not alter this effect (Barth et aL., 1983). ln studies of phytohaemagglutinin-stimulated blast
transformation of cultured human lymphocytes, combined exposure to various concen-
trations of 5-methoxypsoralen and UV A irradiation (345 nm) produced no inhibition when
exposure occurred 24 h before stimulation, but there was inhibition when exposure
occurred 36 h after stimulation (Gast et al., 1983).

5-Methoxypsoralen plus UV A inhibited DNA synthesis in Chinese hamster ovary cells
(Weniger, 1981), in Ehrlich ascites tumour cells (Musajo et aL., 1974) and in the epiderrnis of
Skh:hairless-l mice after topical application (Lowe et al., 1984).

5-Methoxypsoralen, applied topically (2 mgl mouse) or administered orally (25 rngl kg
bw) and followed by UV A irradiation (50 kJ l m2) to Skhj hrl fernale hairless rnice, markedly
increased epidermal ornithine decarboxylase activity (Connor & Lowe, 1984). A comrnercial
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sunscreen preparation (Sun-System III) containing unspecified amounts of 5-methoxy-
psoralen and ethylhexyl-para-methoxycinnamate also induced ornithine decarboxylase in
female albino HRS/ J mice after UV A irradiation (335 nm) (Walter et al., 1982).

Effects on reproduction and prenatal toxicity
Groups of 26 pregnant female Sprague-Dawley rats were given 5-methoxypsoralen

orally at daily doses of 0, 70 or 560 mg/ kg bw on days 6-15 of gestation. With 560 mg/ kg,
there was maternaI toxicity (decreased weight gain, fewer litters), but no significant increase
in anomalies iIl surviving fetuses (Herold et aL., 1981).

Groups of 15 pregnant female New Zealand rabbits were given 5-methoxypsoralen
orally at daily doses of 0, 70 or 560 mg/ kg bw on days 7-18 of gestation. With 560 mg/ kg,
there was maternaI toxicity (decreased weight gain; only 50% of dams gave birth to living
pups). There was a dose-dependent increase in fetal abnormalities: 15.4% in controls, 41.7%
with 70 mg/ kg and 57.1 % with 560 mg/ kg (Herold et al., 1981). (The W orking Group noted
that the types, frequencies and distribution of fetal anomalies were not specified.)

Absorption, distribution, excretion and metabolism
ln young adult Hartley guinea-pigs, a linear relation was found between serum and

epidermal concentrations of 5-methoxypsoralen, and the observed skin phototoxicity
correlated with the serum 5-methoxypsoralen concentration (Kornhauser et al., 1982).

Mutagenicity and other short-term tests
5-Methoxypsoralen formed a noncovalently-bound complex with DNA in vitro in the

dark (DallAcqua & Rodighiero, 1966; Dall'Acqua et al., 1978; Isaacs et al., 1984). It
photobound covalently to DNA in vitro (Musajo et al., 1966a,b; Musajo & Rodighiero,
1970; Rodighiero et al., 1970; Sa E Melo et aL., 1984a), in Saccharomyces cerevisiae

(Averbeck, 1985) and in Chinese hamster V79 cells (Papadopoulo & Averbeck, 1985).
It photoinduced interstrand cross-links in DNA in vitro (Dall'Acqua et al., 1971) and in
Chinese hamster V79 cells (Papadopoulo & Averbeck, 1985). DNA photobinding in vitro
was dependent on UV A dose (Isaacs et aL., 1984; Rodighiero & DallAcqua, 1984).

ln a DNA repair test, 5-methoxypsoralen with UV A inhibited semiconservative DNA
synthesis and induced unscheduled DNA synthesis in human embryonic skin and muscle
fibroblasts (Wottawa & Viernstein, 1982).

5-Methoxypsoralen alone was reported to be mutage nie to Salmonella typhimurium
T A 100 in the presence or absence of an exogenous metabolic systern (S9) (Pool & Deutsch-
Wenzel, 1979) and to Escherichia coli lac z (NDI60) (Ashwood-Smith et al., 1980).

5-Methoxypsoralen plus UV A reduced survival of repair-deficient mutants of Bacilus
subtils and E. coli (Song et al., 1975; Pool et aL., 1982); addition of S9 inhibited the lethal
activity (Pool et al., 1982). 5-Methoxypsoralen photoinduced prophage expression in
S. typhimurium TAl535 and TA1538 (Connor et aL., 1983).

ln combination with UV A, 5-methoxypsoralen induced mutations in S. typhimurium
T A 100 in the absçnce of an exogenous metabolic systern (Pool & Deutsch-Wenzel, 1979). It
was not mutage nie to B. subtilis (Song et aL., 1975) but induced a UV A dose-dependent
increase in mutations in E. coli WP2 try (Ashwood-Smith et aL., 1980, 1981).
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5-Methoxypsoralen plus UV A induced revertants and forward mutations in haploid
S. cerevisiae (Averbeck et al., 1981a,b, 1984) and cytoplasmic 'petite' mutations in haploid
and diploid S. cerevisiae (A verbeck et aL., 1984; A verbeck, 1985). ln diploid S. cerevisiae,
5-methoxypsoralen plus UV A induced nuclear mutations and mitotic recombination

(Averbeck, 1985).

The compound induced rnutations in the green algae, Chlamydomonas reinhardii, in the
presence of UV A (Schimmer et aL., 1980; Schimmer, 1981).

5-Methoxypsoralen with UV A induced an increase in 6-thioguanine-resistant mutants
in Chinese hamster V79 (Papadopoulo & A verbeck, 1985; A verbeck & Papadopoulo, 1986)
and cultured ovary cells (Loveday & Donahue, 1984). The response was dependent on UV A
dose (Loveday & Donahue, 1984; Papadopoulo & Averbeck, 1985).

5-Methoxypsoralen plus UV A induced an increase in the incidence of sister chrornatid
exchanges, which was dependent on UV A dose, in Chinese hamster ovary cells (Ashwood-
Smith et al., 1980, 1981, 1982; Loveday & Donahue, 1984) and also in cultured normal
human foreskin fibroblasts and in ataxia telangiectasia and xeroderma pigmentosum
cells. The increase was greater in ataxia telangiectasia and xeroderma pigmentosum cells
than in normal cells (Natarajan et aL., 1981; Ashwood-Smith et aL., 1982).

5-Methoxypsoralen plus UV A induced chromos omal aberrations in normal human
foreskin fibroblasts and in ataxia telangiectasia and xeroderrna pigmentosum cells in
culture; these effects were more frequent in ataxia telangiectasia and xeroderma pigmentosum
cells (Natarajan et aL., 1981). As reported in an abstract, an increase in chromos omal
aberrations was also found in human lymphocytes after treatment in vitro with 5-meth-
oxypsoralen in combination with UV A (Abel & Muth, 1985).

(h) Humans

Taxie effects
Application of 4-200 ¡.g/ 2.5 cm2 5-methoxypsoralen to human skin and irradiation with

UV A induced erythema 22 min to 36 h after irradiation, followed by marked pigmentation
seven to 15 days later (Musajo et al., 1954; Pathak & Fitzpatrick, 1959; Zaynoun et al., 1977;
Walter et al., 1982).

5-Methoxypsoralen has been reported to be the single active agent in berloque
dermatitis, causing patchy hyperpigmentation of the face and neck (Opdyke, 1973; Zaynoun
et aL., 1977).

Kavli et al. (1 983b) performed photoepicutaneous tests with psoralens isolated frorn the
umbellferous plant Heracleum laciniatum on norrnal volunteers. 5-Methoxypsoralen was
the most strongly phototoxic, being active at 0.001% in ethanol. Reactions reached their
maximum 72 h after exposure. The action spectrurn of 5-methoxypsoralen was determined,
and rnaximum photosensitivity was seen at 330-335 nm. Photoxicity could also be produced
in a patient with vitiligo (Kavli et aL., 1983c).

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

Following oral administration of 40 mg 5-methoxypsoralen to healthy male volunteers,
absorption was documented by measurement of plasma levels. The plasma concentrations
peaked 2-4 h after administration and declined to low levels by 8 h. Distribution to the skin
after topical application of 0.15 and 0.0015% 5-methoxypsoralen was evident frorn
photosensitization, persisting up to 8 h, to 366 nm UV light with an irradiance of 22
m W / cm2 2 h after administration. Minute amounts of 5-methoxypsoralen were excreted in
urine and bile (Schmid et al., 1981).

5-Methoxypsoralen binds to human serum proteins, principally albumin (Artuc et aL.,
1979; Veronese et aL., 1979). Data on 5-methoxypsoralen binding to low-density lipo-
proteins suggest that these are the primary vehicle for intracellular transport of 5-methoxy-
psoralen (Sa E Melo et al., 1 984b).

Mutagenicity and chromosomal effects

No data were available to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity to humans

Mezzadra et al. (1981) surveyed 87 employees in the bergamot oil production industry in
southern Italy, 42 of whom had direct contact with bergamot essence and 45 who were
involved in the cultivation, harvesting and transportation of bergamot fruit, and 31 people
resident in the same area. 'Keratomas' or'epitheliomas' of the skin were found in 15 (19%) of
79 exposed workers and in five (16%) of the comparison group. The bergarnot-exposed
group was older, on average (47 years), than the comparison group (39 years). (The Working
Group noted that the possible confounding effects of age, sex and outdoor ernployment
were not considered.)

4. Summary of Data Reported and Evaluation

4.1 Exposure data

5-Methoxypsoralen is found in a va ri et y of plant species, including parsnips and celery,
in bergamot and lime oils, and in derivative products. Use offoods, beverages, perfumes and
sunscreen preparations containing these products results in human exposure. Exposure also
occurs when 5-methoxypsoralen is used as a drug, in conjunction with ultraviolet A
radiation, for the treatment of skin disorders. Occupational exposure occurs during the
extraction of this corn pound from bergamot oil and its preparation into foods and
consumer goods.

4.2 Experimental data

5-Methoxypsoralen was tested in combination with ultraviolet A or solar-simulated
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radiation for skin carcinogenicity in two experirnents in two strains of mice by skin
application. It produced papillomas and squamous-cell carcinomas of the skin.

The studies were inadequate to evaluate the systemic carcinogenicity of 5-methoxy-
psoralen.

Maternally toxic doses of 5-methoxypsoralen did not increase the number of anomalies
in surviving fetuses of treated rats.

5-Methoxypsoralen in the presence of ultraviolet A radiation bound covalently to
isolated DNA and to DNA in yeast and cultured mammalian cells, and induced prophage
expression in bacteria. ln the presence of ultraviolet A radiation, it was mutagenic to
bacteria, green algae and yeast and induced mutations, sister chromatid exchanges and
chromosomal aberrations in rnammalian cells in vitro. Studies of 5-methoxypsoralen in the
absence of ultraviolet A radiation were inadequate for evaluation.

Overall assessment of data from short-terro tests: 5-Methoxypsoralena

Genetic activity Cel! transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes +* +*

Fungi/ Green plants +* +*

Insects

Mammalian cel!s
(in vitro) +* +* +*

Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence in short-term tests for genetic activity: Cel! transformation:
Suffcient (in combination with UV A) No data

*In combinat ion with uv A
aThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.

4.3 Human data

One small survey showed no excess prevalence of skin tumours in workers II the
bergarnot oil production industry, but this study had methodological weaknesses.
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4.4 Evaluationl

On the basis of experiments designed to test only the carcinogenicity to rnouse skin of
5-methoxypsoralen in combination with ultraviolet A radiation or solar-simulated
radiation, there is sufficient evidence2 of carcinogenicity to experimental animaIs.

There is inadequate evidence for the carcinogenicity of 5-methoxypsoralen to experi-
mental animaIs in the absence of ultraviolet A radiation.

There is inadequate evidence for the carcinogei1icity of 5-methoxypsoralen to humans.
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PYRIDO(3,4-c)PSORALEN AND
7 - METHYLPYRIDO(3,4-c )PSO RALEN

1. ehemical and Physical Data

PyridoI3, 4-c Jpsoralen

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 85878-62-2

Chem. Abstr. Name: 5H-Furo(3',2':6,7)(l)benzopyrano(3,4-c)pyridin-5-one
lUP AC Systematic Names: 5H-Furo(3',2':6,7)(I)benzopyrano(3,4-c)pyridin-5-one; 4-
(6-hydroxy-5-benzofuranyl)nicotinic acid, ()-lactone

1.2 Structural and molecular formulae and molecular weight

Ci4H7N03 MoL. wt: 237.21

1.3 Chemical and physical properties of the pure substance

(a) Description: White needles in dichloromethane-ethanol (Moron et aL., 1983)

(b) Melting-point: 284-288°C (Moron et al., 1983)

(c) Spectroscopy data: Ultraviolet (Moron et al., 1983; Blais et al., 1984), proton
nuclear rnagnetic resonance (Moron et al., 1983) and fluorescence spectral data
(Blais et al., 1984) have been reported.

(d) Sa lub ility: Very slightly soluble in water (0.8 rngjl) (Blais et al., 1984)

-349-
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7- M ethylpyridoI3,4-cJpsoralen

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 85878-63-3

Chem. Abstr. N ame: 7- Methyl-5 H-furo(3',2':6, 7)( 1 )benzopyrano(3,4-c )pyridin-5-one

iu P AC Systematic N ames: 4-(6- Hydroxy-7 -methyl-5-benzofuranyl)nicotinic acid, 0-

lactone; 7 -methyl-5 H-furo(3' ,2':6, 7)( 1 )benzopyrano(3,4-c )pyridin-5-one

1.2 Structural and molecular formulae and molecular weight

Ci5H9N03 MoL. wt: 251.24

1.3 Chemical and physical properties of the pure substance

(a) Description: White crystals in dichloromethane-ethanol (Moron et al., 1983)

(b) Melting-point: 272-274°C (Moron et al., 1983)

(c) Spectroscopy data: Ultraviolet (Moron et al., 1983; Blais et aL., 1984), proton
nuclear magnetic resonance (Moron et al., 1983) and fluorescence spectral data
(Blais et aL., 1984) have been reported.

(d) Solubilty: Very slightly soluble in water (0.8 rng/l) (Blais et aL., 1984)

1.4 Technical products and impurities

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Moron et aL. (1983) described the synthesis ofpyrido(3,4-c)psoralen and 7-rnethylpyrido-
(3,4-c)psoralen via the von Pechmann reaction in which I-benzyl-3-ethoxycarbonyl-
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piperidin-4-one undergoes condensation with 6-hydroxycoumarin or 6-hydroxy-7 -methyl-
coumarin acetates. The final product is produced by aromatIzation with palladium on
charcoal in boiling diphenyl ether.

These compounds are currently produced only for research purposes.

(h) Use

Clinical trials of pyrido(3,4-c)psoralen and 7-methylpyrido(3,4-c)psoralen and long-
wave radiation (UV A) for psoriasis have been reported (Dubertret et al., 1985).

2.2 Occurrence

Pyrido(3,4-c)psoralen and 7-methylpyrido(3,4-c)psoralen are not known to occur as
natural products.

2.3 Analysis

No specifie analytical method for detecting or quantifying pyrido(3,4-c)psoralens has
been reported.

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

3.1 Carcinogenicity studies in animais

Skin application

Mouse: ln a preliminary report, 17NCZ albino mice received topical applications of 15
/-g/ cm2 pyrido(3,4-c )psoralen or 7-methylpyrido(3,4-c)psoralen followed by irradiation
with 1.18 J / cm2 UV A light; a total of 115 treaments were given. The skin tumour incidences
were reported to be 39% and 56% after 21 months compared with 80% with methoxsalen
(Dubertret et al., 1985). (The W orking Group noted the incomplete reporting ofthis study.)

3.2 Other relevant biological data

(a) Experimental systems

Taxie effects
ln combination with UV A, both pyrido(3,4-c)psoralen and its 7-methyl derivative

exhibited strong inhibitory effects on DNA synthesis in cultured hurnan fibroblasts
(N ocentini, 1986).

No visible change was seen in ears of 1 7NCZ albino mice following topical application of
either compound (15 /-g/ cm2) plus UV A irradiation (1.18 J / crn2) (Dubertret et aL., 1985).
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Effects on reproduction and prenatal toxicity

No data were available to the Working Group.

Absorption, distribution, excretion and metabolism

No data were available to the Working Group.

Mutagenicity and other short-term tests

Pyrido(3,4-c )psoralen and 7-methylpyrido(3,4-c )psoralen formed noncovalently-bound
complexes with DNA in vitro in the dark, and both photobound covalently to isolated DNA
in vitro, forming monoadducts only (Blais et aL., 1984).

7-Methylpyrido(3,4-c)psoralen photobound covalently to the DNA in Saccharomyces
cerevisiae (Magaña-Schwencke & Moustacchi, 1985; A verbeck, 1985); no DN A interstrand
cross-link was formed (Moustacchi et al., 1983; Magaña-Schwencke & Moustacchi, 1985).
It photobound covalently to DNA in cultured normal human fibroblasts (Nocentini, 1986)
and, as reported in an abstract, in cultured simian cells (N ocentini, 1984).

The removal of 7-methylpyrido(3,4-c)psoralen-photoinduced monoadducts was more
efficient in wild-type than in DNA repair-deficient S. cerevisiae (Moustacchi et aL., 1983;
Magaña-Schwencke & Moustacchi, 1985). Exposure of S. cerevisiae to this compound plus
UV A resulted in DNA single strand-breaks (Magaña-Schwencke & Moustacchi, 1985).

ln cultured normal human fibroblasts, unscheduled DNA synthesis and DNA strand
breaks were induced by treatment with 7-rnethylpyrido(3,4-c)psoralen in combination with
UV A (N ocentini, 1986).

ln the dark, both pyrido(3,4-c )psoralen and 7-methylpyrido(3,4-c )psoralen were

mutage nie to Salmonella typhimurium T Al537 in the absence of a metabolic system
(Quinto et al., 1984).

Both pyridopsoralens photoinduced cytoplasmic 'petite' mutations in haploid (A verbeck
et al., 1985) and diploid (Averbeck, 1985) S. cerevisiae. ln haploid S. cerevisiae, these two
compounds plus UV A induced nuclear reverse and forward mutations (Averbeck et aL.,
1985). ln diploid S. cerevisiae, in the presence of UV A, they induced nuclear reversions and
mitotic recombination (Averbeck, 1985).

It was reported in an abstract that, in combination with UV A, both compounds induced
6-thioguanine-resistant mutants in Chinese hamster V79 cells (Papadopoulo et aL., 1984).

ln the dark, the 7-methyl derivative, but not pyrido(3,4-c)psoralen, induced an increase
in the incidence of sister chromatid exchanges in cultured human fibroblasts. ln
combination with UV A, both compounds induced an increase in sister chromatid
exchanges as a function of UV A dose (Bilardon et al., 1984).

It was reported in an abstract that both compounds plus UV A induced cell trans-
formation in mouse embryo C3H lOTl/2 cells (Papadopoulo et al., 1984).
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(b) Humans

Taxie effects
Slight erythema was produced in normal skin after application of either pyrido(3,4-c)-

psoralen or 7-methylpyrido(3,4-c)psoralen (10 ¡.g/ cm2) followed by irradiation with 20

J / cm2 UV A (Dubertret et al., 1985).

Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

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

Mutagenicity and chromosomal effects
No data were available to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

There is no known human exposure to pyrido(3,4-c)psoralen or 7-methylpyrido(3,4-c)-
psoralen, other than in limited clinical trials for the treatment of psoriasis.

4.2 Experimental data

ln one incompletely reported study of pyrido(3,4-c )psoralen and 7-methylpyrido(3,4-c)-
psoralen in combination with ultraviolet A radiation in mice, skin tumours were observed.
No data were available to evaluate the carcinogenicity to experimental animaIs of
pyrido(3,4-c)psoralen or 7-rnethylpyrido(3,4-c)psoralen in the absence of ultraviolet A

radiation.
No data were available to evaluate the reproductive effects or prenatal toxicity of

pyrido(3,4-c)psoralen or 7-methylpyrido(3,4-c)psoralen to experimental anirnals.
ln the presence of ultraviolet A radiation, pyrido(3,4-c )psoralen and 7-methylpyrido(3,4-c)-

psoralen bound covalently to isolated DNA. ln combination with ultraviolet A radiation,
7-methylpyrido(3,4-c)psoralen induced DNA darnage in yeast and human fibroblasts in
vitro. Both compounds were mutagenic to Salmonella typhimurium in the dark. ln the
presence of ultraviolet A radiation, pyrido(3,4-c)psoralen and 7-methylpyrido(3,4-c)-

psoralen induced rnutations and mitotic recombination in yeast. ln the dark, 7-methyl-
pyrido(3,4-c )psoralen, but not pyrido(3,4-dJpsoralen, induced sis ter chrornatid exchanges
in marnmalian cells in vitro; and, in combination with ultraviolet A irradiation, both
compounds induced sis ter chromatid exchanges in cultured rnarnrnalian cells.
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Overall assessment of data from short-term tests: Pyrido(3,4-c)psoralena

Genetic activity Cell transformation

DNA da mage Mutation Chromosomal
effects

Prokaryotes +* +

Fungij Green plants +*

Insects

Mammalian cells -
(in vitro) +*

Mammals
(in vivo)

H umans

(in vivo)

Degree of evidence in short-term tests for genetic activity: Cell transformation:
Inadequate (in the dark) No data
Suffcient (in combination with UV A)

*In combination with UV A
aThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.

Overall assessment of data from short-term tests: 7-Methylpyrido(3,4-c)psoralena

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes +* +

Fungij Green plants +* +*

Insects

Mammalian cells +
(in vitro) +* +*

Mammals
(in vivo)

Humans
(in vivo)

Degree of evidence ¡n short-term tests for genetic activity: Cell transformation:
Limited (¡n the dark) No data
Suffcient (in combination with UV A)

*In combinat ion with UV A
aThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.
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4.3 Human data

No case report or epidemiological study of the carcinogenicity of pyrido(3,4-c )psoralen
or 7-methylpyrido(3,4-c)psoralen was available to the Working Group.

4.4 Evaluationl

There is inadequate evidence that pyrido(3,4-c)psoralen or 7-methylpyrido(3,4-c)-
psoralen in combination with ultraviolet A radiation is carcinogenic to experimental
animaIs. No data were available to evaluate the carcinogenicity of pyrido(3,4-c )psoralen or
7-methylpyrido(3,4-c)psoralen to experimental animaIs in the absence of ultraviolet A

radiation.
No evaluation could be rnade of the carcinogenicity of pyrido(3,4-c )psoralen or 7-methyl-

pyrido(3,4-c )psoralen to humans.
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4,5' ,8- TRIME THYLPSO RALEN

1. ehemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 3902-71-4

Chem. Abstr. N ame: 2,5,9- Trimethyl-7 H-furo(3,2-g)( 1 )benzopyran-7 -one
lUPAC Systematic Names: 6-HydroxY-ß,2,7-trimethyl-5-benzofuranacrylic acid, ô-
lactone; 2,5,9-trimethyl-7 H-furo(3,2-g)( 1 )benzopyran-7-one

Synonyms: NSC-71047; TMP; Trimethylpsoralen; 2',4,8-trimethylpsoralen; trioxalen;
trioxsalen; trioxysalen; trisoralen

1.2 Structural and molecular formulae and molecular weight

CH3

o CH3

CH3

CI4H1203 MoL. wt: 228.25

1.3 Chemical and physical properties of the pure substance

(a) Description: White to off-white or greyish, tasteless, odourless crystallne solid or
prisms (Hassan & Loutfy, 1981); colourless prisms from chloroform (Kaufrnan,
1961; Windholz, 1983)

(b) Melting-point: 234.5-235°C (Kaufman, 1961; Windholz, 1983)

(c) Spectroscopy data: Ultraviolet (Sadtler Research Laboratories, 1985 (327680)),

infrared (Sadtler Research Laboratories, 1985; prisrnj grating (59030)), proton

aSpectrum number in Sadtler compilation

-357-
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nuclear magnetic resonance (Sadtler Research Laboratories, 1985 (32020)), C-13

nuclear magnetic resonance (Elgamai et al., 1979; Hassan & Loutfy, 1981),

fluorescence (Mantulin & Song, 1973; Song et aL., 1981; Lai et al., 1982) and mass
spectral data (ICIS Chemical Information System, 1984 (MSSS)) have been
reported.

(d) Solubilty: Soluble in dichloromethane; slightly soluble in ethanol and chloroforrn;

practically insoluble in water (Windholz, 1983)

1.4 Technical products and impurities

4,5',8- Trimethylpsoralen is available as a USP grade containing not less than 97.0% and
not more than 103.0% active ingredient, calculated on a dried basis (US Pharmacopeial
Convention, 1985).

The primary US, European and Australian manufacturers supply trimethylpsoralen in
5-mg tablets.

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Synthesis of 4,5',8-trimethylpsoralen was described by Kaufman (1961); it involves a
Claisen rearrangement of 7-allyloxy-4,8-dimethylcoumarin to give 6-allyl-4,8-dimethyl-7-
hydroxy coumarin, which is acetylated, brominated and cyclized to 4,5',8-trimethyl-
psoralen.

An improved method has been reported which involves the addition of a furan ring to
6-allyl-4,8-dimethyl-7-hydroxycoumarin, reaction of this intermediate with concentrated

sulphuric acid, and subsequent dehydrogenation to yield the final product (Hassan &
Loutfy, 1981).

4,5',8- Trimethylpsoralen was first introduced onto the US market in 1965 (Sittig, 1979).
Currently, one US manufacturer produces this cornpound in commercial quantities, and
several firms make available research quantities.

One Italian pharmaceutical firm is known to rnanufacture 4,5',8-trirnethylpsoralen
(Marini, 1985) and has made it available commercially since 1970. A Swiss firm began
marketing this product in 1981 (Paul de Haen International, 1984). It is also currently
produced by two manufacturers in Finland and one in the UK.

ln Japan, the sole manufacturer made 4,5',8-trirnethylpsoralen available in 1969 (Paul
de Haen International, 1984). It is also produced by one pharrnaceutical firm in India
(Pathak et al., 1984) and one company in Australia (Jarnes, 1981).
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(h) Use

4,5',8-Trimethylpsoralen has been used in combination with UV A or sunlight for the
treatment of vitiligo, psoriasis and certain other conditions.

This compound, in conjunction with UV light, was introduced to facilitate repigmen-
tation in vitiligo (Sehgal, 1971; Pathak et aL., 1984). It has also been administered orally and
by skin baths with UV A irradiation for the treatment of psoriasis and other skin disorders
(Fischer & Aisins, 1976; Hannuksela & Karvonen, 1978; Väätäinen et al., 1979; Gilman et
al., 1980; Väätäinen et al., 198 la) and has been administered orally to enhance pigmentation
and increase tolerance to sunlight (McEvoy, 1985).

2.2 Occurrence

4,5',8- Trimethylpsoralen has been isolated from celery infected with the pink-rot fungus,
Sclerotinia sclerotiorum. It has not been detected in uninfected celery (Scheel et aL., 1963;

Floss et al., 1969).

2.3 Analysis

4,5',8-Trimethylpsoralen has been determined in human plasma by extraction with
dichloromethane, toluene or n-hexane:isopropanol and analysis by reverse-phase high-
performance liquid chromatography (HPLC) or gas chromatography j mass spectrometry
with a sensitivity of 2 ngj ml (Fischer et al., 1980; Chakrabarti et aL., 1982). A lower detection
limit of 25 pgj ml was obtained by using a glass capillary column with gas chrornato-
graphy j mass spectrometry (Taskinen et al., 1980). Calibration curves were linear up to 1200
ngj ml with HPLC (Chakrabarti et aL., 1982).

4,5',8-Trimethylpsoralen can be separated from other furocoumarins by thin-Iayer
chromatography, and this is the officiaI method of identification of the US Pharmacopeia
(US Pharmacopeial Convention, 1985). Quantification is perforrned by ultraviolet spectro-
scopy. As for other compounds that can be activated by light, thin-layer chromatography
fractions can be identified by the cornbined effects of light and chemicals on several
microorganisms. These bioassay methods can detect as little as 1 ng (van der Sluis et aL.,
1981; Ashwood-Smith et aL., 1983).

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

3.1 Carcinogenicity studies in animais

Skin application

Mo use: It was reported in an abstract that two groups of 30 fernale mice (strain
unspecified) were given thrice-weekly applications on the shaved back skin of 100 ¡.g
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4,5',8-trimethylpsoralen or 600 ¡.g methoxsalen dissolved in 0.2 ml acetone for nine months
(110 treatments). A control group received 0.2 ml acetone alone. Immediately after each
skin application, the mice were irradiated with UV A light (characteristics of irradiation
source unspecified): 4,5',8-trimethylpsoralen group, single dose - 0.3 x 104 J / m2, total dose
- 33 J / cm2; methoxsalen group and controls, single dose - 1.1 J / cm2, total dose - 123.1
J / cm2. The concentrations of psoralens and irradiation doses were chosen by analogy with
topical treatment of psoriasis in humans using methoxsalen plus UV A (PUV A). One
squamous-cell carcinoma developed in 30 survivors in the methoxsalen group after Il
months, when two-thirds of the mice were killed; at 18 rnonths, aIl the remaining mice were
killed and 5/10 animaIs in that group had malignant tumours. N either 4,5',8-trimethyl-
psoralen with UV Anor acetone alone induced a neoplastic lesion (Hannuksela et al., 1985).
(The W orking Group noted that the study was reported as an abstract and that the radiation
dose used was low.)

3.2 Other relevant biological data

(a) Experimental systems

The photobiological and photochemical properties of 4,5',8-trimethylpsoralen have
been reviewed (Scott et al., 1976; Hearst, 1981a).

Taxie effects

Female mice given thrice-weekly applications on the shaved back skin of 100 ¡.g
4,5' ,8-trimethylpsoralen dissolved in 0.2 ml acetone showed alopecia and atrophy of the skin

(Hannuksela et aL., 1985). Application of 4,5',8-trimethylpsoralen (2.5 J1g/ crn2) to guinea-
pig skin and exposure to UV A irradiation induced erythema (Pathak et aL., 1967).

4,5',8-Trimethylpsoralen plus UV A caused severe inhibition of DNA synthesis in XD
cells oftobacco (Heimer et al., 1978), in Erlich ascites tumour ce lis (Baccichetti et al., 1976;
DallAcqua et aL., 1981), in human amnion (A V3) ceIls (Trosko & Isoun, 1970, 1971), in
human lymphocytes (Bohr & Nielsen, 1984) and in epidermal cells of mice in vivo after
topical application (Dall 'Acqua et aL., 1981).

Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
Two hours after administration of a single oral dose of 10 mg4,5',8-trimethylpsoralen to

guinea-pigs, concentrations (in ng per g of tissue) were: epidermis, 226:! 15; dermis 25 + 6;
and whole skin 176 + 12; levels of 244 :! 17 and 63 + 6 ng/ ml were found in aqueous and
vitreous humours, respectively (Chakrabarti et aL., 1982).

It was reported in an abstract that, foIlowing oral or intraperitoneal adrninistration of
3H-4,5',8-trimethylpsoralen to rnice, over 88% of the radioactivity was excreted in urine

within 8 h; 4,5',8-trimethylpsoralen was present in liver, skin and blood (Pathak et al.,
1974a).
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After oral administration of 150 mg/ kg bw 4,5' ,8-trimethylpsoralen to rnale CD- 1 rnice,

it was metabolized to 4,8-dimethyl-5'-carboxypsoralen (Mandula et al., 1976). Other
metabolites appear to be present but have not been characterized (Bickers & Pathak, 1984).

Oral administration to rnale CD- 1 mi ce of 0.8 mg/ kg bw per day for six days had no
effect on cytochrome P450-dependent oxidations (Bickers et al., 1982).

Mutagenicity and other short-term tests

4,5',8-Trimethylpsoralen formed molecular complexes with isolated DNA in the dark
(Dall'Acqua et al., 1981). It photobound covalently, with formation of monoadducts
and/ or interstrand cross-links reported in isolated DN A in vitro (Cole, 1970, 197 la; Musajo
& Rodighiero, 1972a,b; Dall'Acqua et aL., 1974a,b; Musajo et al., 1974; Pathak et al.,
1974a,b; Dall'Acqua et al., 1981; Hearst, 1981a,b; Kanne et al., 1982; Rodighiero &
DallAcqua, 1984), and in DNA of Escherichia coli (Cole, 1970, 1971a; Sinden & Cole,
1981), Saccharomyces cerevisiae (Miller et aL., 1984), phage À (Cole, 1970, 1 971a,b; Cassuto
et al., 1977; Lin et al., 1977; Kondoleon et aL., 1982), Chinese hamster V79 cells (Ben-Hur &
Elkind, 1973), mouse Ll210 (Cohen et al., 1980) and L5178Y (Cole, 1970) leukaemia cells
and in cultured human lymphocytes (Bohr & Nielsen, 1984). It also photobound covalently
to DNA in guinea-pig skin in vivo (Pathak & Krämer, 1969).

Repair of interstrand cross-links induced by 4,5',8-trimethylpsoralen plus UV A has been
shown in E. coli (Cole, 1973; Cole et al., 1976, 1978; Sinden & Cole, 1978). During this
process, no double-strand break appears to occur (Cole et al., 1976, 1978). The repair of
DN A monoadducts and DN A interstrand cross-links induced by this compound plus UV A
has also been observed in S. cerevisiae (Miller et al., 1984).

ln mouse Ll210 leukaemia cells (Cohen et al., 1980), DNA breaks were not induced and
no protein-DNA cross-link was formed after treatment with 4,5',8-trimethylpsoralen in
combination with UV A. Following treatment of guinea-pig skin in vivo, a progressive
elimination of the photoproducts from DNA was observed (Baden et al., 1972). ln cultured
human lymphocytes, alkaline elution appears to indicate the induction of single-strand
breaks at sites of cross-links formed by 4,5',8-trimethylpsoralen and UV A (Bohr & Nielsen,
1984).

ln the plasmid pBR322 (growing in E. coli Kl2 RRIF-), this compound plus UV A
induced mutagenicity (Y oon, 1982). The sa me treatrnent induced an increase in mutations in
bacteriophage T4 plated on E. coli (Yarosh et aL., 1980).

4,5',8-Trimethylpsoralen induced the expression of the darnage-inducible SFIA in the
dark in E. coli K12 in the SOS-Chrornotest. ln the presence of a metabolic systern, the
activity was decreased (Lecointe, 1984).

ln the dark, 4,5',8-trimethylpsoralen was not mutage nie in E. coli lac- z (ND 1 60)

(Ashwood-Smith, 1978).; however, it was rnutagenic to E. coliWP2 uvrA- (pKMlOl) in the
presence of a metabolic systern both in the dark and with UV A (Kirkland et al., 1983). ln the
dark, it was mutagenic to S. typhimurium T A1537, in the absence of metabolic activation,
but not to other strains (TAI535, TA1538, TA98 and TA 100) (Quinto et al., 1984). It was
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not mutagenic to T A 100 or T A98 either in the dark or in combination with UV A, in the
presence or absence of a metabolic system (Kirkland et al., 1983).

ln the presence of UV A, 4,5',8-trimethylpsoralen induced DNA cross-links and was
mutage nie in the bacterium Deinococcus radiodurans (Yatagai & Kitayama, 1983).

ln S. cerevisiae, it has been shown to photoinduce cytoplasmic 'petite' mutations
(Swanbeck & Thyresson, 1974; Averbeck et al., 1981a,b, 1984) and nuclear reverse
(Averbeck et al., 1981a,b; Averbeck, 1982; Averbeck et aL., 1984) and forward mutations
(Averbeck et aL., 1981a,b, 1984).

Seedlings ofbarley (Hordeum vulgare, variety Iyoti) grown under normal daylight from
seeds treated with 4,5',8-trimethylpsoralen showed a concentration-dependent induction of
chromos omal aberrations (Kak & Kaul, 1981).

ln cultured normal human lymphocytes, 4,5',8-trirnethylpsoralen plus UV A induced an
increase in the incidence of sister chromatid exchanges (Gaynor & Carter, 1978; Carter et
al., 1982) and of chromosornal aberrations (Waksvik et aL., 1977). The increase in the
incidence of sis ter chromatid exchanges was proportional to the UV A dose (Gaynor &
Carter, 1978). Cultured fibroblasts from patients with dyskeratosis congenita exhibited the
same sensitivity to sister chromatid exchange induction by 4,5',8-trimethylpsoralen plus
UV A as normal diploid human fibroblasts (Kano & Fujiwara, 1982a). The frequency of
induction of sister chromatid exchanges was higher in cultured fibroblasts from a Fanconi's
anaemia patient than in those from a norrnal human subject (Kano & Fujiwara, 1982b).

A metabolite of 4,5',8-trimethylpsoralen, 4,8-dimethyl-5'-carboxypsoralen, and its
methyl ester photobound to isolated DNA, forming DNA interstrand cross-links (Pathak et
aL., 1983). ln haploid yeast, it was less mutagenic than 4,5',8-trimethylpsoralen as a function
of UV A dose, but as mutagenic as a function of survival (Averbeck, 1982).

(b) Humans

Taxie effects

Application of 5-25 ¡.g/2.5 cm2 4,5',8-trimethylpsoralen to human skin followed by
irradiation with UV A induced rnarked erythema within 36 h and marked pigmentation
within 15 days (Pathak & Fitzpatrick, 1959).

Application of 0.2- 1.0 ¡.g/ cm2 4,5',8-trimethylpsoralen to skin followed by UV A
irradiation produced photosensitization, rnanifested by erythema, oedema, desquamation
and hyperpigmentation. ln contrast, oral administration of 0.3- 1.2 rng/ kg bw followed by
UV A produced little photosensitization. This difference was attributed to the rapid
biotransformation of 4,5',8-trimethylpsoralen when administered orally (Mandula et aL.,
1976).

It was reported in an abstract that the rnaximal response to 4,5',8-trimethylpsoralen for
delayed skin erythema occurred with 320-335 nm (Cripps & Lowe, 1978).

Dose-related side effects, including nausea, pruritus and dizziness, have been noted
during treatment with 4,5',8-trimethylpsoralen (Pathak et al., 1984).
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Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

Absorption, distribution, excretion and metabolism
4,5',8- Trimethylpsoralen and its metabolite, 4,8-dimethyl-5' -carboxypsoralen, were

detected in the urine of hurnans following oral adrninistration of the parent compound
(Mandula et aL., l976; Pathak et aL., 1983). A correlation has been reported between the
concentration of 4,5',8-trirnethylpsoralen in the plasrna and skin phototoxicity (Brickl et al.,
1984a,b).

Salo et al. (1981) determined the plasma concentrations of 4,5',8-trirnethylpsoralen 1 h
after a bath of 50 mg in 1501 water, and 2 h after ingestion of 0.6 mg/ kg bw. Widevariations
were observed among patients and at different stages of the treatrnent. Plasrna levels found
following ingestion were approximately 10- 100 times those after the bath treatment.

ln vitiligo patients who received 30 mg4,5',8-trirnethylpsoralen orally, blood levels were
30-800 ng/ml after 2 h and 27-120 ng/ml after 24 h (Chakrabarti et al., 1982).

Mutagenicity and chromosomal effects
No data were available to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity to humans

During the third week of daily oral treatment with 10 mg 4,5' ,8-trimethylpsoralen before
sunbathing, a 30-year-old patient with vitiligo developed a pigmented lesion on his back, at
which time treatment was discontinued. The lesion grew slowly and, several months later,
was removed and diagnosed as a malignant melanoma (Forrest & Forrest, 1980).

Of a series of 139 psoriatic patients treated with 4,5' ,8-trimethylpsoralen baths and UV A
radiation for one to 23 months (mean, ten months), 57 were followed after treatment for
periods varying from two to 14 months. No skin malignancy was seen (Väätäinen et al.,
1981b).

4. Summary of Data Reported and Evaluation

4.1 Exposure data

4,5',8-Trimethylpsoralen (trioxsalen) has been used in conjunction with ultraviolet A
radiation in the treatment of vitiligo, psoriasis and other skin disorders. Hurnan exposure
occurs through the oral adrninistration or skin application of these products.

4.2 Experimental data

ln one incornpletely reported study of the skin carcinogenicity of 4,5',8-trimethyl-
psoralen in combination with ultraviolet A radiation in mice, no skin tumour was described.
No data were available to evaluate the carcinogenicity to experirnental anirnals of 4,5',8-
trimethylpsoralen in the absence of ultraviolet A radiation.
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No data were available to evaluate the reproductive effects or prenatal toxicity of
4,5',8-trirnethylpsoralen to experimental animaIs.

ln the presence of ultraviolet A radiation, 4,5',8-trimethylpsoralen bound covalently to
isolated DNA and to DNA in bacteria, yeast and mammalian cells in culture, and in
guinea-pig skin in vivo. It induced DNA damage in bacteria in the dark. ln combination
with ultraviolet A radiation, it induced mutation in bacteriophage. The compound was
mutagenic to bacteria in the dark and with ultraviolet A radiation, and to yeast in the
presence of ultraviolet A radiation. 4,5',8- Trimethylpsoralen induced chromosomal
aberrations in Hordeum vulgare grown under normal daylight and in the presence of
ultraviolet A radiation induced sister chrornatid exchanges and chromos omal aberrations
in cultured mammalian cells.

Overall assessment of data from short-term tests: 4,5',8-Trimethylpsoralena

Genetic activity CelI transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes + +
+* +*

Fungij Green plants +* +* +*

Insects

Mammalian celIs
(in vitro) +* +*

Mammals
(in vivo) +*

Rumans
(in vivo)

Degree of evidence ln short-term tes ts for genetic activity: CelI transformation:
Inadequate (in the dark) No data
Suffcient (in combination with UV A)

*In combination with uv A
oThe groups into which the table is divided and the symbols used are defined on pp. 19-20 of the Preamble; the

degrees of evidence are defined on pp. 20-21.

4.3 Human data

One case of melanoma was reported in a patient treated orally with 4,5',8-trimethyl-
psoralen. ln a small series of patients treated topically with 4,5',8-trimethylpsoralen and
ultraviolet radiation, no skin rnalignancy was seen after short-terrn follow-up.
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4.4 Evaluation1

There is inadequate evidence for the carcinogenicity of 4,5',8-trirnethylpsoralen in
combination with ultraviolet A radiation to experirnental anirnals. No data were available
to evaluate the carcinogenicity of 4,5',8-trimethylpsoralen to experimental animaIs in the
absence of ultraviolet A radiation.

There is inadequate evidence for the carcinogenicity of 4,5',8-trirnethylpsoralen to
humans.
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Chemical/ exposure Degree of evidencea for

Human Animal Activity in
carcinogenicity carcinogenicity short-term tests

Naturally occurring toxins

Bracken fern (Pteridium aquiInum) Inadequate Sufficient Inadequate
Ptaquiloside No data Limited Inadequate
Shikimic acid No data Inadequate Inadequate

Citrinin No data Limited Inadequate

Patulin No data Inadequate Inadequate

Rugulosin No data Inadequate Limited

Food additives

Benzyl acetate N a data Limited Inadequate

Butylated hydroxyanisole (BHA) No data Sufficient No evidence

Butylated hydroxytoluene (BHT) No data Limited Inadequate

Potassium bromate No data Sufficient Sufficient

Aminoacid pyro/ysis products infood

Glu-P- i (2-Amino-6-methyldipyrido( i ,2-a:3',2' -d)- No data S ufficient Sufficient
imidazole

Glu-P-2 (2-Aminodipyrido( 1 ,2-a:3',2'-d)imidazole) No data Sufficient Sufficient

A-O'-C (2-Amino-9 H-pyrido(2,3-b )indole) No data S ufficient Sufficient

MeA-O'-C (2-Amino-3-methyl-9 H-pyrido(2,3-b)- No data Sufficient Sufficient
indole)

IQ (2-Amino-3-methylimidazo( 4,5-jquinoline) No data Sufficient Sufficient

MeIQ (2-Amino-3,4-dimethylimidazo( 4,5-j- No data Inadequate Sufficient
quinoline)

MeIQx (2-Amino-3,8-dimethylimidazo( 4,5-j- No data Inadequate Limited
quinoxaline)
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Summary of evaluations (contd)

Chemical/ exposure Degree of evidencea for

Human Animal Activity in
carcinogenicity carcinogenicity short-term tests

Furocoumarins

Angelicins

Angelicin
No data

Inadequate Inadequate
Angelicin + UV A Limited Sufficient
5-Methylangelicin

No data
Inadequate Inadequate

5-Methylangelicin + UV A Limited S ufficient

4,4'- Dimethylangelicin No data Inadequate
No data

4,4'-Dimethylangelicin + UV A No data Limited
4,5'- Dimethylangelicin

No data
Inadequate Inadequate

4,5'-Dimethyl angelicin + UV A Limited Sufficient
4,4',6- T rimethylangelicin No data Inadequate

No data
4,4',6- Trimethylangelicin + UV A No data Inadequate

3-Carbethoxypsoralen
No data

Inadequate Inadequate
3-Carbethoxypsoralen + UV A No evidence Sufficient

5- Methoxypsoralen
Inadequate

Inadequate
5-Methoxypsoralen + UV A Sufficient S ufficient

Pyrido(3,4-c )psoralen No data Inadequate
No data

Pyrido(3,4-c)psoralen + UV A Inadequate Sufficient
7- Methylpyrido(3,4-c )psoralen No data Limited

No data
7-Methylpyrido(3,4-c)psoralen + UV A Inadequate Sufficient

4,5',8- T rimethylpsoralen No data Inadequate
Inadequate

4,5',8- Trimethylpsoralen + UV A Inadequate Sufficient

GFOf definitions oftefms see pp. 22,18 and 20-21 of 
the Pfeamble.
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APPENDIX: ULTRAVIOLET RADIATION

1. Nomenclature and Measurement

The nomenclature, measurement and other physical aspects of ultraviolet (UV)
radiation have been reviewed (Madden, 1975; WHO, 1979; Diffey, 1980).

The UV region of the electromagnetic radiation spectrum extends from 200-400 nm
wavelength. It is adjoined at shorter wavelengths by the vacuum UV region (100-200 nm)
and at longer wavelengths by the visible region (400-700 nm).

The UV spectrum has been divided by those studying its biological effects into three
segments: UV A, 320-400 nm (also known as long-wave or near UV radiation, or as black
light); UVB, 280-320 nm (middle UV or 'sunburn' radiation); and UVC, 200-280 nm
(short-wave or far UV radiation, or germicidal radiation). Definitions of the boundaries
between the segments vary somewhat, the UV AI UVB boundary ranging from 315-320 nm
and the UVBI UVC boundary from 280-290 nm (WHO, 1979; Scotto et al., 1982; Larkä &
Diffey, 1983).

Terminology and units commonly used in measuring and describing exposures to UV
radiation are given in Table 1.

UV radiation may be measured by a chemical or physical detector, coupled with a
monochromator or bandpass filter for wavelength selection. Physical detectors include
radiometric devices, which depend for their response on the heating effect of the radiation,
and photoelectric devices, in which incident photons are detected by a quantum effect such
as the production of electrons (WHO, 1979). Examples of physical detectors of UV
radiation have been described (Ruff et aL., 1978).

Chemical detectors include photographie emulsions, actinometric solutions and light-
sensitive plastic films. Personal dosimeters have been developed based on the change In
optical density on exposure to UV light of certain plastic films, such as polysulphone
(Challoner et aL., 1976; Davis et al., 1976; Challoner et al., 1978; Gibbs et aL., 1983; Larkä &
Diffey, 1983) and polyvinyl chloride containing nalidixic acid (Tate et al., 1980).

Because the measurement of radiant exposure at individual wavelengths (or within
narrow 1-2-nm bands) is time-consuming and expensive, methods for routine monitoring
are sometimes designed to rneasure curnulative exposures over a range of wavelengths. ln
practice, broad-spectrum detectors are often calibrated against only a narrow waveband.
Such devices may incorporate a biological weighting factor. One example is the Robertson-
Berger meter, the response ofwhich approximates the sensitivity ofhuman skin to different
UV wavelengths - mainly in the UVB region - in producing erythema (Berger, 1976;
Scotto et al., 1982).
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Table 1. Some basic terminologya

Term International Definition
symbol

À

Qe

Pe dQel dt

Ee dPel dA

SI unit Comments and synonyms

Wavelength nm Nanometer = 10-9 m

(also called millimicron, m¡i)

1 joule = 1 watt second

Rate of radiant energy delivery

('radiant power')

Radiant flux arriving over a given
area ('fluence rate', 'dose-rate',
'intensity'). ln photobiology, has
also been expressed in W 1 cm2,

mW/cm2 and ¡iW/cm2

Radiant energy delivered to a
given area ('exposure dose',
'dose'); t = time in seconds. Has
also been expressed as 11 cm2,

ml1 cm2 and ¡ill cm2

Radiant energy

Radiant flux
1

W

Irradiance W/m2

Radiant exposure He Ee X t 11m2

GAdapted from WHO (1979)

2. Sources and Exposures

2.1 Sunlight

The major source of human exposure to UV radiation is sunlight. The wavelengths and
relative intensities of solar radiation reaching the earth's surface are affected by a number of
factors, including atmospheric absorption, scattering and reflection. Ozone in the
stratosphere, with an absorption band centred at 250 nrn and extending beyond 350 nm,
effectively eliminates aIl UVC radiation (WHO, 1979). It has been estirnated that a 1 %
decrease in stratospheric ozone results in a 2% increase in erythema-producing UV radiation
at the earth's surface (Schulze, 1970; Setlow, 1974).

The effects of molecular scattering by air and aerosols; reflection, scattering and
attenuation by clouds, haze and smog; and reflection from the ground have been noted
(WHO, 1979). Solar elevation (latitude and season) is a major determining factor, and
calculations of irradiance as a function of latitude have been reported (Schulze, 1970). Maps
of the calculated world distribution of incident UVB radiation display graphically the
interplay of sorne of these variables. For example, the annual irradiance at 307.5 nm was
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estimated to range from approximately 50 J / cm2 in northern Scandinavia to as high as 450
J / cm2 in selected (cloudless) areas near the equator (Schulze, 1978).

Few long-term measurements of actual irradiance in specifie locations have been
reported. Scotto et al. (1 976a, b, 1982) monitored ten locations in the USA daily throughout
1974, automatically recording the intensity of erythema-producing radiation at half-hourly
intervals with Robertson-Berger meters. On average in these locations, about 60% of the
daily dose reached the ground between 10.00 and 14.00 hours and about 85% between 9.00
and 15.00 hours. ln general, greater amounts ofradiation were found in locations that were
closer to the equator (low latitude), that were at higher altitudes and that had less cloud
cover. Highest daily doses, as expected, were found in the summer when the days were
longest. Robertson (1978) reported sirnilar findings based on earlier measurements at three
locations in Australia. Larkö and Diffey (1983), using polysulphone film badges, measured
the exposure to UVB of workers in various occupations in Sweden. Monthly exposures in
J une and August ranged from 0.2-0.4 J / cm2 for indoor workers to 1.2-1.5 J / cm2 for outdoor
workers.

Other compilations have been made of calculated and measured exposures to UV
radiation in sunlight (Institute for Defense Analyses, 1975; Kripke & Sass, 1978; National
Academy of Sciences, 1979; Scotto et aL., 1982; van der Leun & van Weelden, 1983; van der
Leun, 1984).

2.2 Artifcial sources

The many artificial sources of UV radiation have been reviewed and discussed by a
number of authors (e.g., WHO, 1979; Diffey, 1980). These sources range from low-pressure
mercury germicidallamps, emitting principally 254 nm UV radiation (Lill, 1983; Maxwell &
Elwood, 1986) to quartz-halogen lamps used for outdoor illumination and emitting
primarily ~330 nm UV and visible light. Sorne fluorescent lamps designed for indoor
ilumination may also emit small amounts of UV radiation (Maxwell & Elwood, 1983).

Sunlamps for tanning for cosmetic purposes emitted significant quantities of UVB when
first developed, but more recently sorne sunlamps have been redesigned to emit 'only' UV A.
UV radiation, principally UV A, is also used in conjunction with such drugs as the psoralens
(see monographs in this volume) in the treatment of various skin disorders. Exposures to a
variety of other artificial sources are predominantly occupational. These include certain
welding processes and carbon arcs; others have been described in detail (Madden, 1975;
WHO, 1979).

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

3.1 Carcinogenicity studies in animaIs

(a) Background

The first animal experiments using UV radiation were performed by Findlay (i 928), who
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showed that daily irradiation of albino mice with UV radiation from a mercury arc induced
skin cancer. ln a series ofstudies in the 1930s, Roffo (1934) showed that skin cancer could be
induced in rats with natural sunlight, as well as with mercury-arc radiation. Roffo (1939)
also performed the first spectral-dependence studies on skin UV radiation carcinogenesis
(photocarcinogenesis), in which he demonstrated that clear window-glass (which does not
allow the transmission of wavelengths -:320 nm) was sufficient to inhibit skin cancer
induction by both natural sunlight and rnercury-arc radiation.

Between 1940 and 1944, a comprehensive series of experiments on UV carcinogenesis in
mice was carried out at the US National Cancer Institute (published in several papers; for
review, see Blum, 1959). Repeated exposure of haired albino mice to daily doses of UV
radiation led to highly reproducible cancer incidence in the ears of the exposed animaIs.

The extensive body of literature on photocarcinogenesis has been reviewed by Emmett
(1973), Urbach et al. (1974) and Epstein (1978, 1985). The field has also been widely
reviewed in the US National Cancer Institute Monograph 50 (Kripke & Sass, 1978) and in
the WHO Environmental Health Criteria Document 14 (WHO, 1979). This appendix
concentrates on a few representative studies on UVB and describes a few studies on UV A
and UVc.

(The W orking Group noted that many investigators of photocarcinogenesis, according
to standard practice, do not report individual animal survival and/ or tumour data as is
generally done in long-term chemical carcinogenesis studies. Furthermore, meaningful
inter-Iaboratory comparisons are not al ways possible because of incomplete descrip-
tions/ assessments of UV radiation source, emission spectrum and exposure dose. Sorne
studies do not mention controls not exposed to UV radiation, but it is recognized that the
incidence of spontaneous skin tumours in the strains described is rare. The W orking Group
also noted that UV radiation-induced squamous-cell carcinoma in mouse skin was a model
for human skin squamous-cell carcinoma, but that there was no adequate animal mode! for
human skin basal-cell carcinorna or malignant melanoma related to exposure to UV
radiation alone.)

(b) Skin carcinogenesis

Mouse: Of Blum's numerous studies of UV radiation carcinogenesis in mice, those
described here (Blum et al., 1941; Grady et al., 1943) involved the ear of the haired A strain
mouse. The UV radiation source, an interrnediate-pressure mercury arc, ernitted mainly
UVB but also sorne UV A and UVC (Blum et aL., 1941). The turnours were mostly ear
fibrosarcomas, but squamous-cell carcinornas were also observed. N onexposed mice did
not develop skin tumours.

More recently, Kripke (1977) studied the exposure ofthree differently pigmented strains
of mouse to similar dose regimes of UV radiation from Westinghouse FS40T 1 2 sunlampsa,
emitting mainly UVB. AnimaIs were eight weeks old at the start of the experiment; survival

aSeveral of 
the studies described here have involved use of Westinghouse FS40TI2 sunlamps. These lamps emit mainly UVB, with

0:1% below 280 nm, two-thirds at 280-320 nm and one-third at ?320 nm.
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time was not given. Of a group of 5 1 BALB j cAnN rnice, 46 developed tumours of the ear:
ten squamous-cell carcinomas, 28 fibrosarcomas, three mixed tumours, and 17 tumours
that were not examined histologically; andj or one squamous-cell carcinoma and five
fibrosarcomas of the back; and one fibrosarcoma of the eyelid. Of a group of 19 C57Blj 6N
mice, 15 developed tumours of the ear: one squamous-cell carcinoma, four fibrosarcomas
and three tumours that were not examined; and ofthe back: seven fibrosarcomas and three
tumours that were not examined histologically. Of a total of 28 irradiated C3 H j HeN mice,
24 developed tumours: three squamous-cell carcinomas of the ear; 16 fibrosarcomas, of
which one was on the forepaw, two in the eye, ten on the back and three in the ear; two mixed
tumours of the ear and two of the back; and five tumours that were not examined

histologically: one in the eye, one on the back and three in the ear. Tumours appeared earlier
in the albino (BALBjcAnN) strain than in the others.

Dose-response studies to UV radiation were carried out by Forbes et al. (1981). Groups
of male and female hairless albino Skh: HR mice, seven (i: one) weeks old at the start of the
experiment, were irradiated with Westinghouse FS40T12 sunlamps, emitting mainly UVB.
All animaIs developed skin tumours. A dose-response effect was demonstrated, as assessed
by time to tumours in 50% of animaIs (Table 2). Histological examination showed tumours
larger than 4 mm in diameter to be squamous-cell carcinomas, those 1 -4 mm to form a
continuum from carcinoma in situ to squamous-cell carcinoma and those less than 1 mm to
show epidermal hyperplasia and evidence of squamous metaplasia tending toward
carcinoma in situ. Histological similarities to keratoacanthoma were also noted. Less than
1 % of tumours were fibrosarcomas.

Extensive dose-response studies have also been carried out by de Gruijl et al. (1983), in
which six groups of Skh-hrl hairless albino mice (total, 199) of each sex were exposed to

Table 2. Dose-response to UV radiation ofhairless albino Skh:HR
micea

DaiIy dose
(J / m2)

Time in weeks to 50%
tumour-bearing animaIs

T erminated
at week

420

587

822

i 152

1 613

2 259

38.6

33.3

29.2

20.0

17.6

12.9

45

45

45

36

36

25

aFrom Forbes et al. (1981)
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daily doses, differing by a factor of 33, of mainly UVB from Westinghouse FS40T12
sunlamps. A clear-cut relationship was shown between daily dose and time required for 50%
of animaIs to develop skin tumours. Two tumours were reported in a total of 24
nonirradiated control mice.

Freeman (1975) studied carcinogenesis induced by chronic exposure to monochromatic
UVB produced by a high-intensity diffraction grating monochromator. The wavelengths
300 nm and 310 nm were carcinogenic to the irradiated ears ofhaired albino mice. ln a group
of 30 mice exposed to 300 nm, 16 developed 16 squamous-cell carcinomas. ln a group of 30

mice exposed to 310 nm, 16 animals'survived to 450 days, of which eight had a total of five
squamous-cell carcinomas, two fibrosarcomas and one angiosarcoma of the ear.

The recent availability of UV A sources for therapeutic and cosmetic purposes, with and
without the use of photosensitizing chemicals such as methoxsalen, has resulted in
widespread human exposure to high doses of UV A. There is sujjicient evidence that the
combination of methoxsalen plus UV Ais carcinogenic in mouse skin (lARC, 1980, 1982).

A few studies have been designed to study the carcinogenic potential of UV Aper se. A
group of25 female, lightly pigmented, hairless Oslo/ Born mice, 12 weeks old, was irradiated
for five days per week with a Philips TL40W /09lamp filtered through a 2-mm thick glass
plate to eliminate UVB. The daily UV A dose, given for three months only, was 1.08 J / crn3
(10.8 x 103 J / m2). After 58 weeks of exposure, no tumour was found (Staberg et al., 1983).
(The W orking Group noted that the dose of UV A and the duration of the irradiation and
observation periods were inadequate to assess the carcinogenicity of UV A.)

A group of 200 female A/ J mice, six weeks old, was irradiated with Westinghouse 'black
light fluorescent lamps, to give a daily UV A dose of 30-38 x 104 J / m2. Although glass filters
were used, sorne UVB radiation was emitted (at a daily dose of 8.6-13 x 103 J / m2). After
70-90 weeks of exposure, 61 animaIs examined had six papillomas, six squamous-cell
carcinomas and three fibrosarcomas of the ear and tail; 40 animaIs had hyperplasia of the
epidermis; and five showed none of these changes (Zigman et al., 1976). (The W orking
Group noted that this ex periment was inadequate to determine the carcinogenic potential of
UV A alone because of the UVB content of the source.)

UVC per se has rarely been studied for skin carcinogenicity. A group of 40 female
C3H/ HeNCrlBr mice were irradiated usingagermicidal lamp ernitting mainly 254 nm. The
weekly dose was 3 x 104 J / m2. Three animaIs died without tumours at nine, 43 and 63 weeks
of irradiation, respectively. By 52 weeks, 97% of the anirnals had developed tumours, the
median time of appearance of which was 43 weeks. The mean nurnber of tumours recorded
per tumour-bearing mouse was 2.9. Tumour histology was carried out in 29/37 mice. Of a
total of 83 suspected tumours, 66 were squamous-cell carcinomas, ten were proliferative
squamous lesions, and six were invasive fibrosarcornas (Lil, 1983). (The Working Group
noted that the 4% UVB content of the source, representing a weekly dose of 1 170 J / m2,
cannot be excluded as the cause of the turnours.)
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Single exposures to UV radiation (Blum et al., 1959; Pound, 1970) were not

carcinogenic, possibly due to the low dose. However, a single exposure to an extremely high
dose of UVB radiation on mouse skin (Hsu et aL., 1975), which caused ulceration and scar
formation, resulted in skin tumours. Groups of hairless (HRS j J or Skh-hrl) mice were
irradiated with a Westinghouse FS20j 40Tl2 sunlamp at single doses of 3-24 x 104 J j rn2. ln
the group exposed to 12 x 104 J j m2, a total of 38 (mostly benign) tumours was found in six
tumour-bearing animaIs between 15-28 weeks after irradiation. (The W orking Group noted
that the dose calculated from the raw data was 8 x 104 Jjm2.)

The results of these and other studies in mice are summarized in Table 3.

Table 3. Skin carcinogenesis induced in mice by ultraviolet radiation

uv source Strain Phenotypea No. of No. of No. of tumours Reference
described animaIs TBAb
by author

UVB/Cc A ah+ 605 598 715 Grady et aL. (1943)
UVB Albino ah+ 60 24 24 Freeman (1975)
UVB/ A Swiss ah- 40 20 27 Stenbäck (1 975a) 

UVB/ A BALB/cAnN ah+ 51 46 48 Kripke (1977)

UVB/A C57/BL/6N ph+ 19 15 19 Kripke (1977)

UVB/ A C3H/ HeN ph+ 28 24 28 Kripke (1977)

UVB/ A C3Hf ph- LLO 88 74d Spikes et al. (1977)
UVB/ A C57 (HR) ph- II II ~ii Winkelmann et aL.

(1963)
UVB/ A Skh/ Hrl ah- 20 20 ~20 Kligman & Kligman
UVB / A Skh/ Hr2 ph- 40 40 ~60 (1981)
UVA A/l ah+ 61 15e 15 Zigman et aL. (1976)
UV A and UVB HRA/ Skh- 1 ah- 22 22 215 Gallagher et aL.

(1984)
UVB; UV A Oslo/Born ph-1 125 49 ~49 Staberg et aL. (1983)
and UVB

UVC C3H ph+ 40 37 107 (mean) Lill (1983)
UVC HRS/l ah- 6 5 24 Forbes & Urbach

(1975)

aa, albino; p, pigmented; h+, haired; h-, hairless

bTBA, tumour-bearing animaIs

cFrom Blum et al. (1941)

dNumber of tumours examined histologically; total number of tumours not given

eNot c1ear from the paper ifTBA or number oftumours

fLightly pigmented
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Rat: Early studies by Findlay (1930), Putschar and Holtz (1930) and Hueper (1942)
reported malignant skin tumours in rats after exposure to UV radiation.

Groups of six or 12 male CD- 1 rats, 28 days of age, were shaved and exposed to varying
doses and dose regimes of UV radiation from Westinghouse FS20 sunlamps with a spectral
range of 275-375 nm (peak output, 313 nm; UVB), or Westinghouse G36T6L sterilamps
emitting only 254 nm (UVC). Survival ranged from 75 to 92% for the separate experimental
groups. AlI groups developed keratoacanthoma-like skin tumours (Strickland et al., 1979).

Skin tumour induction was studied in a group of 40 shaven female NMR albino rats,
eight to ten weeks old at the start of the experiment. The animaIs were irradiated chronically
for 60 weeks with Westinghouse FS40Tl2 sunlamps, ernitting mainly UVB (weekly dose,
5.4-10.8 x 104 J / m2). A total of25 tumours developed in 16/40 animaIs, most ofwhich were
epidermal ear papillomas (Stenbäck, 1975).

Hamster: Stenbäck (1975) also irradiated 40 shaven female Syrian golden hamsters (a
strain sensitive to chemical carcinogenesis), eight to ten weeks of age, with the same
irradiation protocol as described above. A total of 30 skin tumours developed in 14/40
animaIs; 22 were papillomas (14 animaIs), four were keratoacanthomas (three animaIs), one
was a squamous-cell carcinoma of the skin and three were papillomas of the ear (one
animal).

Guinea-pig: Stenbäck (1975) also irradiated 25 shaven female guinea-pigs, eight ta ten
weeks of age, using the same irradiation protocol. One fibroma and one trichofolliculoma of
the skin were observed.

(c) Eye carcinogenesis

ln experimental photocarcinogenesis studies, attention has been focused mainly on skin
tumours; however, there have been a few reports of eye tumours. Corneal tumours have
been described in mice, rats and hamsters chronically exposed to GE Uviarc UA-3 lamps
(dose unspecified) which emit broad-spectrum UV A, UVB and UVC (Freeman & Knox,
1964). Broadband UV radiation also induced a number of eye tumours, such as
fibrosarcomas and haemangiosarcomas, in A mice (Lippincott & Blum, 1943), and two
fibrosarcomas and another unspecified tumour of the eye were reported in 24 tumour-
bearing C3H/HeN mice exposed to UV radiation from Westinghouse FS40Tl2 sunlamps,
emitting mainly UVB radiation (Kripke, 1977).

'Cancer eye', squamous-cell carcinorna of the cornea, in cattle is commonly associated
with exposure to solar radiation (Russell et al., 1956).

3.2 Other relevant biological data

(a) Mutagenesis

Studies with near-visible UV in Escherichia coli are unambiguous in demonstrating
mutagenic activity (Kubitschek, 1967: UV A, 320-400 nm; Webb & Malina, 1970: UV A,
312-392 nm; Tyrrell, 1982: UV A, 313-405 nrn), as are those with UV A (320-400 nm) and UVB
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(290-320 nm) in Saccharomyces cerevisiae (Hannan et al., 1984) and with 254-313 nrn in
cultured mammalian cells (for a review, see Kantor, 1985). Broad-spectrum sources that
emit in the solar UV region are also mutage nie to cultured mammalian cells, e.g., Chinese
hamster ovary and V79lung cells (Bradley & Sharkey, 1977; Hsie et al., 1977; Burki & Lam,
1978), mouse lymphoma L5178Y cells (Jacobson et al., 1978) and human skin fibroblasts

(Patton et al., 1984).

Information is now available to perrnit sorne evaluation of the contribution of different
wavelength regions.

Exposure to 365 nm (UV A) induced trp+ revertants in E. coli (Webb, 1977). Using a
xenon-mercury lamp and monochromator, mutations were also induced in E. coli WP2s
(Peak et al., 1984) and in Chineae hamster V79 cells after exposure to 334 and 365 nm (Wells
& Han, 1984). ln a study byTyrrell (1984), exposing human TK6lymphoblastoid cells to the
sa me sources, mutants were not induced.

With UVB radiation, mutation responses have been obtained in E. coli (Peak et aL.,
1984), S. cerevisiae (Zölzer & Kiefer, 1983) and in sorne mammalian cells in culture, such as
Chinese hamster ovary and V79 ce lis (Zelle et al., 1980; Susuki et al., 1981; Wells & Han,
1984; Zölzer & Kiefer, 1984), mouse lymphoma L5178Y cells (Jacobs on et al., 1981) and
human TK6 lymphoblastoid cells (Tyrrell, 1984).

The studies of Tyrrel and Webb (1973) and Peak et aL. (1984) in E. coli, of Zölzer and
Kiefer (1984) in Chinese hamster ce Ils and of Tyrrell (1984) and Tyrrell et al. (1984) in
human lymphoblastoid cells reveallevels of mutation induction consistent with the known
dimer yields (Setlow, 1974).

The inevitable consequence of the absorption spectrum maximum of DNA is that there
is a considerable body of positive data on mutagenicity at 254 nID (UVC), which is usually
delivered by radiation from germicidal lamps with 90-95% output at 254 nm, for
microorganisms (Webb & Malina, 1970; Tyrrell, 1982) and mammalian cells in culture, such
as Chinese hamster ovary cells (Zelle et al., 1980), human lymphoblasts (Luca et aL., 1983)
and human fibroblasts (Maher et al., 1979; Myhr et al., 1979).

(h) Chromosomal damage

No information on chrornosomal damage by UV A was available.
Using ICR 2A frog cells, Chao and Rosenstein (1985) dernonstrated the induction of

sis ter chromatid exchanges by UV light in the UVB region. The same cells were used to show
the induction of chromos ornaI aberrations by 302 and 313 nm UV radiation from a
mercury-arc lamp in conjunction with a monochrornator (Rosenstein & Rosenstein, 1985).
The photoreactivating sector was greater at 302 than at 313 nrn, suggesting that nondirner
photoproducts are significant at 313 nm.

UVC has been shown to induce chromos ornaI aberrations in hurnan fibroblasts
(Parrington, 1972), V79 Chinese hamster cells (Griggs & Bender, 1973) and ICR 2A frog
cells (Chao & Rosenstein, 1985) and sister chromatid ex changes in V79 Chinese harnster
cells (Nishi et al., 1984).
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(c) Cell transformation

Morphological transformation has been demonstrated after exposure of BALB/ c 3T3
ce Ils (Withrow et al., 1980) and C3H lOTI /2 cells (Kennedy et aL., 1980) to broad-spectrum
sources. While no information is available on the UV A region, UVB from a sunlamp
(emitting 255-400 nm with eut-off at 290 nm) induced malignant transformation of neonatal
BALB/c mouse epidermal cells (Ananthaswamy & Kripke, 1981). Suzuki et aL. (1981)
showed by the use ofvarious filters on a sunlamp that transformation ofmouse C3H lOTI / 2
cells was induced by UVB. Doniger et aL. (1981) showed that monochromatic light in the
UVB region induced cell transformation in a Syrian hamster embryo system. The peak of
activity in both of these studies correlated with DNA-dimer yields (Setlow, 1974).

Cell transformation by UVC has been demonstrated in the C3H lOTI / 2 system (Chan &
Little, 1976; S uzuki et aL., 1981), in the BALB / c 3T3 system (Withrow et aL., 1980) and in
Syrian hamster embryo cell systems (Doniger et al., 1981).

3.3 Case reports and epidemiological studies of carcinogenicity in humans

Ultraviolet light has been implicated as a possible factor in the etiology of squamous-
and basal-cell (non-melanocytic) cancers of the skin, malignant melanoma of the skin,
cancer of the lip and malignant melanoma of the eye. The relevant epidemiological studies
are discussed here. Few ofthese assessed the effect of UV light in isolation; the rnajority were
concerned with sunlight, and UV light could not be separated from other components of
solar radiation. Latitude of residence and of birth was also sometimes used as an indicator of
exposure to UV light. The studies are discussed with respect to the exposures actually
measured.

This section does not deal with factors affecting the susceptibility to skin cancer, such as
skin col our, genetic defects in repair of UV damage, or other characteristics. While people
with sun-sensitive skins are at risk for all skin cancers (see, for exarnple, Vitaliano & Urbach,
1980; Elwood et al., 1984), this is only indirect evidence for a role of sunlight on their
etiology. The evidence that the combination of methoxsalen and UV A causes skin cancer in
humans (see IARC, 1980, 1982) is also not considered, since it is not possible to distinguish
the effects of UV radiation alone from those of methoxsalen or of the combination of the
two.

(a) Non-melanocytic skin cancer

(i) Anatomical distribution in relation ta solar exposure
About 80% of non-melanocytic skin cancers arise on th/l head and neck (U rbach et al.,

1966) and these are the parts ofthe body rnost exposed to sunlight (Blum, 1948). Urbach et
al. (1966) ilustrated that there is uneven exposure by use of a mannequin head painted with
a chemical sensitive to UV light and sirnulation of the sun's movernent in the sky. They



APPENDIX: ULTRA VIOLET RADIATION 389

showed that maximum exposure occurs to the tops ofthe ears, the nose, the scalp, the lower
lip and the lower portion of the neck. The orbits, nasolabial folds, upper lip and underpart of
the chin were relatively protected. These authors then compared the relative distribution of
basal-cell and squamous-cell carcinomas on different parts of the head and neck. They
found that more than one-third of all basal-cell carcinomas on the head and neck arose in
the relatively protected areas (receiving less than 20% of the maximum of UV radiation),
while few squamous-cell carcinomas occurred on these sites. Thus, the distribution of
squamous-cell carcinomas paralleled the sites found to be maximally exposed to the sun's
rays more closely than did the distribution of basal-cell carcinornas.

(ii) Latitude

Residence: ln what is now known as the US First National Cancer Survey, Dom
(1944a,b,c) showed that the incidence of aIl skin cancers in ten urban areas of the USA in
1937-1938 was higher in whites in the southern USA than in those in the north of the

country. These data were reanalysed according to latitude by Blum (1948), who found that
the incidence of skin cancer in males and females was inversely related to latitude. This was
not true of any other cancer except buccal cancer (see below). Blum pointed out that UV
light intensity was also inversely related to latitude, suggesting that this could explain the
relationship between latitude and skin cancer incidence.

Auerbach (1961) analysed data from the US Second National Cancer S urvey in ten cities
in the USA in 1947-1948 (the sa me cities for which Dorn (1944) had analysed data for
1937-1938). He showed that at all ages, and in both males and females, skin cancer incidence
increased with decreasing latitude. He estimated that skin cancer incidence rates doubled
with every three to four degrees of latitude, or every 265 miles. Similarly, Haenszel (1963)
analysed regional cancer incidence in the USA for 1947-1950 and showed that the incidences
of squamous-cell and basal-cell skin cancers were inversely related to latitude.

Elwood et al. (1974) found a strong inverse relationship between mortality, latitude and
estimated UV exposure for non-melanocytic skin cancers in 48 states of the USA and ten
provinces of Canada.

Green et aL. (1976) found a correlation between estimated UV light intensity (estimated
principally on the basis of latitude, atmospheric ozone concentration and average cloud
cover) and age-specifie and age-adjusted incidences of non-melanocytic skin cancer in 30
regions of the USA, UK, Canada and Australia. They also noted that a 1 % increase in UV
dose was associated with a greater than 1 % increase in skin cancer incidence. (No account
was taken in the analysis of variations in the cornpleteness of reporting of skin cancer
incidence in different parts of the world.)

The studies described above that assessed the relationship of cancer incidence to latitude
generally assumed that UV light intensity is directly related to latitude. Rundel and
Nachtwey (1978) and Rundel (1983) obtained measurements of the actual UV flux in four
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regions of the USA (Iowa, Minneapolis-St Paul, San Francisco-Oakland, and Dallas-Fort
Worth) and examined their correlation with the incidences of squamous-cell and basal-cell
cancers in the Third National Cancer Survey. They found an association between measured
UV flux and cancer incidence, noting also that the percentage change in cancer incidence per
unit change in UV flux was greater for males than for females and greater for squamous-cell
than for basal-cell skin cancer.

Place ofbirth: Mortality from non-melanocytic cancer of the skin is substantially lower
in migrants to Australia (who generally come from higher latitudes and therefore areas of
lower sun exposure than Australia) than in native-born Australians. The ratio of the
age-standardized mortality rate in males from England and Wales to that in native-born
Australians was 0.55, with a 95% confidence interval of 0.43-0.71. There was little evidence
of any tendency for relative mortality to increase with increasing duration of residence in
Australia (Armstrong et al., 1983).

(iii) Exposure ta sunlight

ln studies of the relationship between exposure to sunlight and cancer in individuals,
exposure has been examined in three main ways: total exposure; exposure to sunlight at
work; and exposure during recreation. Each of these is discussed separately.

Total exposure: Lancaster and Nelson (1957) compared a history of 'excessive sun
exposure' in 173 patients with non-melanocytic skin cancer and in 173 controls in Sydney,
Australia: 21.4% of the patients with cancer and 16.2% of controls with other skin cancers
were assessed to have excessive sunlight exposure (p = 0.13).

Gellin et aL. (1965) compared history of outdoor exposure in 861 patients with basal-cell
epithelioma and 1938 controls attending a dermatology clinic. Arnong patients aged 40-79,
they found that 75% of cases, but only 35% of controls, spent more than three hours outside
each day; and that 29% of cases, but only 10% of controls spent more than six hours
outdoors each day (p ~ 0.001 in both cases). (These percentages do not appear to have been
adjusted for age. Since the controls were dermatology patients who might stay indoors
because of their skin disease, the comparison may be biased.)

Urbach et al. (1974) reported on 'curnulative outdoor hour exposure' in patients and
controls in Philadelphia, USA, and Galway, Ireland. They reported that, in Philadelphia,
17% of male patients with basal-cell carcinoma and 31% with squarnous-cell carcinoma, but
only 3% of con troIs had the highest category of exposure (p ~ 0.005) - more than 50 000
hours of total cumulative outdoor exposure. ln Galway, 96% of those with skin cancer and
55% of controls belonged to that category.
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Vitaliano (1978) and Vitaliano and Urbach(1980) reported the findings of a case-control
study at the Skin and Cancer Hospital, Philadelphia, USA. The 366 patients with basal-cell
carcinoma and 58 with squarnous-cell carcinoma were compared with 294 controls, of
whom 5% had psoriasis. Each subjects cumulative exposure to sunlight was assessed by
history of jobs and military service, tirne spent sunbathing and participation in sports. ln a
multiple logistic regression analysis, the relative risk associated with maximum outdoor
exposure (30 000 hours or more outdoors) compared with minimum exposure group (less
than 10 000 hours outdoors) was 3.2 for basal-cell cancers and 7. 1 for squamous-cell cancers
(p ~ 0.001 in each case). (The age distribution of cases and controls differed markedly and
age was treated only as a dichotomous factor in the regression analyses. Since the skin
cancer patients were older than the controls, their longer total exposure to sunlight may be
at least partly a consequence of their older age. Sorne of the subjects in this study may also
have been included in the study of Urbach et al. (1974).)

Occupational exposure: Atkin et aL. (1949) reported on the occupation of 4378 men in
England and Wales who died from non-melanocytic skin cancer between 1911 and 1944.
They found that mortality rates were higher in men who had worked outdoors, and were
three times higher in those employed in agriculture than in professional men.

Lancaster and Nelson (1957), in a comparison of the work histories of 67 men with
non-melanocytic skin cancer and of 67 controls with other cancers in Sydney, Australia,
found an association between duration of outdoor work and incidence of skin cancer.
Compared to the risk for rnen who had worked outdoors for less than five years, the
estimated relative risk associated with five to ten years' outdoor work was 1.9, and that for
ten or more years' outdoor work was 4.2 (p for trend ~ 0.001).

Silverstone and Gordon (1966) presented data on the association between reported
history of skin cancer and outdoor occupation in a survey of 1733 people in two areas of
Queensland, Australia. ln neither the more northerly, tropical and wet area of Cardwellshire
nor the more southerly, subtropical area of Caboolture was a 'significant association found.
Silverstone and Searle (1970), in a survey of 2200 pers ons in three regions of Queensland,
Australia (two of which were included in the report of Silverstone and Gordon (1966)),
reported that 12.1 % of men and 8.4% of women who worked indoors had a history of skin
cancer compared to 15.1% of men and 5.0% of women who worked outdoors. (The
diagnosis and reporting of skin cancers in these two studies may have been affected by social
class, which in turn may be associated with place of work. It is not clear whether the effects
of age on skin cancer occurrence were controlled in the comparison.)

ln a survey of 781 cases of squarnous-cell carcinoma of the skin reported to the

Manchester Regional Cancer Registry, Whitaker et al. (1979) found that male farmers had
more than twice the expected incidence (p ~ 0.001).

Teppo et al. (1980), in a survey of cancer incidence and conditions of life in Finland,
found that persons working in areas where farming predominated had lower rates of
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basal-cell and other non-melanocytic skin cancers than did persons living elsewhere. The
authors suggested that registration of skin cancer may not be as cornplete in farming areas as
it is elsewhere.

Beral and Robinson (1981) analysed cancer registration data for England and Wales
from 1970 to 1975, classifying the reported occupations of individuals into outdoor and
indoor jobs. Those with an outdoor job had a 10% greater incidence of nonmelanocytic skin
cancer than did the national population, the small excess being significant (p ~ 0.05).
Mortality statistics for England and Wales also showed a significantly higher death rate
from nonmelanocytic skin cancer in outdoor workers than indoor workers, the excess being
22% in 1959-1963 and 26% in 1970-1972. ln England and Wales, nonmelanocytic skin
cancers are more common among people oflow social class (Office of Population Censuses
and Surveys, 1978) (who are also more likely to work outdoors).

Aubry and MacGibbon (1985) enquired about history of outdoor work from 92 patients
with squamous-cell carcinomas of the skin and 174 controls in Montreal, Canada. Using a
multiple logistic regression analysis that adjusted for other variables that might affect risk,
they found that a 'high index of occupational sunlight exposure' was associated with a

relative risk of 1.6 (p = 0.02). (The response rate of subjects eligible for the survey was 30%.)

Recreational exposure: Lancaster and Nelson (1957) reported that 55% of patients in
Sydney, Australia with nonmelanocytic skin cancer and 49% of controls who had other
cancers gave a history of fishing, and that 18% of patients and 22% of controls sunbathed.

ln their study in Montreal, Canada, Aubry and MacGibbon (1985) reported that the
relative risk for skin cancer in those with a 'high score for non-occupational sunlight
exposure' was 1.6 with reference to those with a low score (p = 0.07).

Other aspects: ln the UK, a seasonal variation was found for nonmelanocytic skin
cancer, with a peak in the summer months (Swerdlow, 1985).

(iv) Exposure ta other sources of uv light
Aubry and MacGibbon (1985) reported use oflong-tube sunlamps by four of92 patients

with squamous-cell carcinoma ofthe skin and by one of 174 controls. Following adjustment
for possible confounding effects of colour-complexion, ethnie characteristics and non-
occupational and occupational exposure to sunlight, the relative risk associated with use of
long-tube sunlamps was estimated to be 13.4, with 95% confidence limits of 1.4-130.5 (p =
0.008). (The crude relative risk was 7.9 withp = 0.05 by Fisher's exact test. Although data
were also collected on exposure to 'round-tube' sunlamps, results for this exposure were not
reported. Only 30% of eligible patients were included in the study.)

(b) Lip cancer

(i) Anatomical distribution in relation ta sun exposure
More than 90% of lip cancers are squamous-cell (epidermoid) carcinomas; the

remainder are mainly basal-cell carcinornas. The great majority of squarnous-cell carci-
nomas arise on the lower lip (Keller, 1970; Lindqvist, 1979), while basal-cell carcinornas
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arise with approximately equal frequency on the upper and lower lips (Keller, 1970). The
lower lip is more exposed to sunlight than is the upper (U rbach et al., 1966).

(ii) Latitude

Dorn (1944) reported that the incidence of cancer of the buccal cavity (mostly lip
cancers) in the USA was higher in the south than in the north of the country. Blum (1948)
reanalysed Dorn's data and showed that, as for skin cancer, there was an inverse relation
between incidence of buccal cavity cancer and latitude.

Mortality from lip cancer is substantially lower in migrants to Australia than in native-
born Australians. The ratio of the age-standardized mortality rate in male migrants to that
in native-born Australians was 0.46, with a 95% confidence interval of 0.27-0. 78 (Armstrong
et aL., 1983).

(iii) Exposure ta sunlight

Occupational exposure: Atkin et al. (1949) studied the occupations of 1537 men dying
from lip cancer in England and Wales between 1911 and 1944. They reported that mortality
from cancer of the lip was 13 times higher among men employed in agriculture th an in rnen
with professional jobs.

Keller (1970) compared the occupations of 3 14 men with lip cancer admitted to Veterans'
Administration hospitals in the USA with those of two groups of age-matched controls
admitted to the sa me hospitals comprising 304 men with other cancers and 304 men with
other diseases. Farming was recorded as the occupation of27% of men with lip cancer but of
only 8% of men with other cancers and 4% of men with other diseases (relative risks in
comparison with each control group were 4.0 and 8.4, respectively;p -: 0.00 1 in both cases).
Any type of outdoor work was recorded for 40% of those with lip cancer, 20% of those with
other cancers and 12% ofthose with other diseases (relative risks of2.6 and 4.8, respectively;
p .c 0.001). (These relative risk estimates, calculated by the W orking Group, were not
adjusted for pipe smoking, another risk factor identified in the study.)

Spitzer et aL. (1975) obtained information about 366 men with squamous-cell carcinoma
of the lip in Newfoundland and 210 male controls chosen from the electoral register and
matched by age and geographicallocation in nine census divisions. An association was
found between lip cancer and both reported occupational outdoor exposure (relative risk,
1.52; p .c 0.05) and fishing (adjusted for outdoor exposure: relative risk, 1.60; p .c 0.05;
adjusted for pipe smoking and for outdoor exposure: relative risk, 1.50; p .c 0.05).

Lindqvist (1979) compared the reported history of outdoor work of 290 patients with
epidermoid carcinoma of the lip in Finland with that of 254 controls with squamous-cell
carcinoma of the skin (response rate of59%). He found that 73% ofmen with lip cancer had
worked outdoors, compared to 49% of those with squamous-cell skin carcinoma (p -:
0.001). The relative risk estirnates ranged from 2.2 to 3.2, according to the calendar period
during which the subjects had worked outdoors.

Dardanoni et al. (1984) interviewed 53 men with lip cancer in Ragusa, Sicily, and 106
male controls admitted to the sa me hospitals. The controls were matched by age and
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municipality of residence. An association was found between lip cancer and working or
spending at least six hours each day outdoors (relative risk, 4.9; p -c 0.001).

(c) Malignant melanoma of skin

Melanoma of the skin is commonly divided into four histological types, which may bear
different relationships to solar exposures. The types are lentigo maligna melanorna
(Hutchinson's melanotic freckle), superficial spreading melanoma, nodular rnelanoma and
melanoma of unclassifiable type (Holman & Armstrong, 1984). The epidemiology of
malignant melanoma has been reviewed (Gallagher, 1986).

(i) Anatomical distribution in relation ta solar exposure
ln contrast to non-melanocytic skin cancer, the distribution of melanorna on the skin

does not correspond to the distribution of exposure of the body to sunlight (Davis et al.,
1966; Lee & Y ongchaiyudha, 1971; Crombie, 1981). ln Caucasians, only about one-quarter

of melanomas arise on the head and neck (Holrnan et aL., 1980). The trunk is the
predominant site in males, and the legs the predominant site in females (Lee &
Yongchaiyudha, 1971). This site distribution has been offered as a rnajor objection to the
solar theory of etiology of melanoma (Anon., 1981). Much of the consideration of site
distribution, however, has not taken account of differences in surface area and melanocyte
density between different body sites (Elwood et al., 1 985a, b; Green et aL., 1986), which might
be expected to modify the distribution of melanoma.

The majority of melanomas of the face (head or neck), at least in populations with high
exposure to the sun, are of the lentigo maligna type, a type which is much less common on
other body sites. Lentigo maligna melanomas are more likely than other types to be
accompanied by pathological evidence of sun damage in the surrounding skin (McGovern et
al., 1980).

(ii) Latitude

Residence: Lancaster (1956) pointed out that the distribution of rnelanoma, like that of
non-melanocytic skin cancer, was inversely related to latitude. He showed that, within
Australia, melanorna mortality rates ranged from 23 per million in the most northern state,
Queensland, to eight per millon in the most southern, Tasmania, and that a gradient existed
in intervening states. This pattern stil obtains and is seen also in incidence data (Armstrong
et al., 1982). Lancaster (1956) reported that rnortality from melanoma was higher in the
northern than in the southern island of New Zealand; that the rates in Europe were generally
lower than those in Australia and New Zealand; and that the death rates from melanoma in
Canada were generally below those in the USA. From these data he concluded that, because
melanoma rates were generally increased as the equator was approached, sunlight, and UV
light in particular, was an important cause of melanorna.

Haenszel (1963) examined cancer incidence in eight to ten cities in the USA for 1947-
1950 and showed that the incidence of rnelanoma was inversely related to latitude, the
gradients being stronger for lesions on the face, head, neck and upper extremities than for
lesions on the trunk and lower extremities.
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Magnus (1973) showed that melanoma incidence in Norway was almost three times as
high in the southern as in the northern part of the country.

Elwood et aL. (1974) examined mortality from melanoma in 48 states of the USA and ten
provinces of Canada in relation to latitude and to estimated exposure to UV light. They
found a strong relationship between mortality, latitude (inverse) and estimated UV
exposure for melanoma. The slope of the regression line for mortality against latitude was
steeper for males than for the females.

Teppo et al. (1978) found a geographical gradient in cutaneous melanoma incidence in
Finland, the highest rates occurring in the south of the country. This gradient largely

disappeared, however, once urbanization was considered, the high rates in southern Finland
being explained by the high rates of melanoma in urban areas, which are situated in the
southern parts of the country.

Eklund and Malec (1978) noted a geographical gradient in cutaneous melanoma
incidence in Sweden, the highest rates occurring in the south of the country.

Swerdlow (1979) analysed data on melanoma incidence in 14 health regions of England
and Wales, noting a gradient with latitude, the highest rates of the disease occurring in
southern England.

Baker-Blocker (1980) compared melanoma mortality in 18 counties of the USA with
direct measurements of UV light, and found no significant correlation between the two.

Sorne additional exceptions to the general finding on latitude and melanoma of the skin
have been reported. ln Europe, for example, melanoma rates are higher in Scandinavia than
in southern Europe (Lancaster, 1956; Crombie, 1979; Jensen & Bolander, 1980). Lancaster

(1956) suggested that this may be an artefact due to international differences in recording,

but it is now clear that the high rates of melanoma in Scandinavia are real (Crombie, 1979;
Jensen & Bolander, 1980). Armstrong (1984) recently reviewed the worldwide variation in
the incidence of melanoma and pointed out that the data are best fitted by a U -shaped curve
relating melanoma incidence to latitude, with a minimum at about 52° latitude. He discussed
several possible explanations for the south-to-north gradient in melanoma risk in Europe:
the most plausible was the gradient in the opposite direction in skin pigmentation.

ln Israel and Australia, other departures from the general association with latitude

suggest that melanoma rates are especially high in coastal areas (Herron, 1969; Anaise et al.,
1978; Green & Siskind, 1983). ln other populations, there are higher rates of melanorna in
urban than in rural areas, and the effect of urbanization may be stronger than any local
effect of latitude (Magnus, 1973; Teppo et al., 1978; Holman et aL., 1980). A number of
explanations have been put forward for these patterns, including the effects of surnmer
cloud on transmission of solar UV, clothing habits and recreation (Armstrong, 1984).

Place of birth: Studies of migrants have demonstrated that persons born further from
the equator than their newly adopted home have lower rates of melanorna than does the
native-born population (Movshovitz & Modan, 1973; Anaise et aL., 1978; Holman et aL.,
1980; Dobson & Leeder, 1982; Holman & Armstrong, 1984; Green et al., 1986). The younger
the age at emigration, or the longer the time since emigration, the more closely the
melanoma rates approach those of the population of the newly adopted home (Anaise et al.,
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1978; Holman et al., 1980; Dobson & Leeder, 1982; Holman & Armstrong, 1984). Age at
migration may be the more important of these two highly correlated variables. Moreover,
unless people migrate towards the equator in childhood, their risk of melanoma may show
litte movement towards that of the native-born population of the adopted country
(Holman & Armstrong, 1984).

(ii) Exposure ta sunlight

Total exposure: Lancaster and Nelson (1957) compared 'excessive sun exposure' in 173
melanoma patients with that in 173 controls with cancers other than skin cancer. Of the
patients with melanoma, 26.6% were assessed as having 'excessive exposure' as compared
with 16.2% of controls (p = 0.013).

Gellin et aL. (1969) interviewed 79 subjects with malignant melanoma and 1037 control
patients attending the same dermatology clinic for non-tumour skin conditions. More than
three hours were spent outdoors each day on average by 68% of those with melanoma
compared to 37% of the control patients (p -: 0.01). (The average ages of the two groups
differed, and no account was taken ofthis in the analysis. Dermatology patients may not be
an ideal comparison group since the amount oftime they spend outdoors may be atypicaL.)

Green (1984) reported on total hours of sunlight exposure in 183 patients with

melanoma in Queensland, Australia in 1979-1980, and in an equal number of age- and
sex-matched controls chosen from the electoral register. Total hours of exposure to sunlight
were estimated by summation of reported occupational and recreational sun hours for the
whole of life, taking account of place of residence. Both native-born Australians and
migrants to Australia were included in the analysis. She reported that, compared to a total
sunlight exposure of 2000 hours, 2000-49000 hours' exposure was associated with a crude
relative risk of 2.0 and 50 000 or more hours exposure with a crude relative risk of 3.3.
Neither risk estimate was significantly greater than 1.0.

Holman and Armstrong (1984) reported on a study of 5 1 1 patients with melanoma and
511 age- and sex-matched controls in Western Australia. Subjects were asked to give each
location in which they had lived for a total of more than six months. Mean annual hours of
bright sunshine received in each location were then read from a climatology map. For those
who were born in Australia, the relative risks for mean annual hours of bright sunshine,
averaged over an places of residence, were: -:2600 hours, 1.00; 2600-2799 hours, 1.34; ~2800
hours, 1.92 (p for trend = 0.003). When each histological type of rnelanoma was examined
separately, the trend was strongest for lentigo maligna melanoma. Similarly, with
measurement of chronic solar darnage to the skin of the back of the hands by cutaneous
microtopography (as an indirect measure oftotal accumulated UV dose), the relative risk of
melanoma increased from 1.00 for damage of grades 1 -3, to 1.64 for da mage of grade 4, 1.76
for damage of grade 5 and 2.68 for damage of grade 6 (p = 0.003). The trend was again
steepest for lentigo maligna melanoma.

Elwood et al. (1985a) reported on annual sun exposure from an sources assessed in their
study in western Canada, described below. No general trend of increasing risk with
increasing exposure was found.
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Occupational exposure: Occupational groups with characteristically frequent outdoor
exposure, such as farmers and fishermen, do not have increased rates of cutaneous
melanoma, and, in sorne populations, the rates are less than for those with indoor
occupations (Holman et al., 1980; Lee & Strickland, 1980; Teppo et al., 1980; Beral &
Robinson, 1981; Cooke et al., 1984). When melanoma of the head, face and neck was
considered separately, an association with outdoor work was noted in England and Wales
(Beral & Robinson, 1981). ln New Zealand, however, no association was found between
head-and-neck melanoma and outdoor occupation (Cooke et aL., 1984).

Melanoma is commoner among people ofhigh social class (Holman et al., 1980; Lee &
Strickland, 1980; Beral & Robinson, 1981; Cooke et aL., 1984). ln their analysis of incidence
and mortality data in New Zealand, Cooke et al. (1984) reclassified occupations in terms of
both social class and a three-step scale of outdoor exposure during work. Social-class
gradients were observed in both outdoor and indoor workers, whereas there was no
evidence of a difference in risk between outdoor and indoor workers of similar social class.
(The possible role of factors other than sunlight which are related to social class has not
generally been considered in studies of melanoma.)

Lancaster and Nelson (1957) found no clear association between melanoma and outdoor
work among 67 men with melanoma and 67 controls with cancers other than skin cancer in
Sydney, Australia. Compared to working indoors for less than five years, the estirnated
relative risk associated with working outdoors for 5-10 years was 0.8, and that with working
outdoors for ten or more years was 1.2.

Klepp and Magnus (1979), in a case-control study of 78 patients with melanorna in
N orway, reported that 40% of the 35 males and 12% of the 43 females with rnelanoma had
worked outdoors, compared to 32% and 8% of92 male and 39 female controls, respectively.
The controls had either testicular cancer, malignant lymphoma or bone and soft-tissue
sarcoma. (Possible confounding effects of age were not considered.)

Paffenbarger et al. (1978) found in a prospective study of 50 000 male alumni of US
universities that outdoor work in youth was predictive of subsequent development of
melanoma (relative risk, 3.9; p -: 0.01).

Adam et al. (1981) found no difference in reported outdoor work history of 169 wornen
aged 15-49 years in southern England with melanoma, cornpared to 507 age-matched
controls chosen from general practioners' registers.

Elwood et al. (1985a), in their study of 595 subjects with melanoma other than lentigo
maligna melanoma in western Canada and of a similar number of controls drawn at random
from the same population, found no association between hours spent working outdoors per
year and melanoma risk. Compared to those who spent less than one hour outdoors each
summer, the relative risks were 1.8, 1.0,0.9 and 0.9, respectively, for those spending 1-99,
100-199,200-399 and 400+ hours outdoors. The 95% confidence intervals included unit y in
each case, except for the relative risk of 1.8, where the lower bound was 1.2. The response
rate among controls was 48% in one centre and 59% in each of the others.

MacKie and Aitchison (1982) interviewed 113 Scottish patients with cutaneous
malignant melanoma and 113 age- and sex-matched controls. Men with melanoma were
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less likely than the controls to have worked outdoors for more than 16 hours each week
(p ~ 0.05).

Holman et aL. (1 986a), in their case-control study of 507 patients with melanoma of aIl
types in western Australia, found a decreasing relative risk for melanoma with increasing
weekly hours of outdoor work in summer, averaged over the working lifetime (p = 0.1). This
negative relationship did not appear to apply to lentigo maligna rnelanoma. ln those who
had worked outdoors at aU in summer, the relative risk for all melanomas was higher in
people who usually or sometimes exposed the primary site to the sun (relative risks, 2.1 and
2.5, respectively) than in those who usuaUy covered it (p = 0.001). (The possibility of
confounding between duration of outdoor work and exposure of the site of melanoma was
not considered.)

Green et aL. (1986), in a case-control study of 236 cases of melanoma in Queensland,
Australia, reported no association between melanoma and overall occupational exposure to
the sun.

Recreational exposure: Lancaster and Nelson (1957), in the study described above in
Sydney, Australia, found that 45% of patients with melanoma gave a history of fishing and
30% gave a history of sunbathing, compared to 49% and 22%, respectively, among the
controls.

Klepp and Magnus (1979) found that 19.2% of cases with melanoma in Norway as
opposed to 9.2% of controls had gone to southern Europe to sunbathe in the past. The
associated relative risk of 2.4 was 'on the border of statistical significance at the 5% level'. (It
is not clear whether the data were adjusted for age or sex.)

Adam et al. (1981) found that English women with melanoma were only slightly more
likely than control women to tan their legs and trunk while abroad (legs: 78% of cases and
73% of controls; trunk: 70% and 67%).

Mackie and Aitchison (1982), in their stud y of 1 13 Scottish patients with melanoma and
113 controls, found that those with melanoma were less likely than controls to have spent
more than 16 hours each week in outdoor recreational activities (p 0: 0.05). Numbers of
continental holidays and total number of days spent in sunny climates were similar in the
two groups.

Green et aL. (1986), in their case-control study of 236 cases of melanoma in Queensland,
Australia, found no strong association between recreational hours spent on the beach and
risk of melanoma.

Elwood et al. (1985a), in their study from western Canada, reported that cases with
melanoma spent more hours in outdoor sumrner recreation than did controls. Cornpared to
those who spent less than one hour outdoors, the relative risks were 1. 1, 1.7, 1.8 and 1.7,
respectively (p for trend, ~0.01), for those spending 1-19, 20-79, 80-159 and 160+ hours in
recreation outdoors in the summer. They also reported that those with rnelanoma took more
sunny vacations than controls; cornpared to those who took no sunny vacations, the relative
risks were 1.1, 1.3 and 1.7, respectively, for less than one, one to three and four or more
'sunny vacations' per decade (p for trend, 0:0.001). These risk estirnates were adjusted for
hair and skin colour and history of freckling.
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ln a similar analysis of their 507 case-control pairs, Holman et aL. (1986a) found no
evidence of an effect of total average number of hours spent weekly at outdoor recreation.
There were, however, sorne positive associations between the incidence of melanoma at
specifie body sites and particular types of outdoor recreation and clothing habits. For
example, the relative risk of melanoma of the tlUnk in women who had usually worn a bikini
or bathed nude at 15-24 years of age was 13.0 (95% confidenceinterval, 2.0-83.9) compared
with those who had worn a one-piece bathing-suit with a high back-line. The relative risk
associated with wearing a one-piece bathing-suit with a low back-line was intermediate.

The results of several case-control studies have suggested that sunburn may be
associated with an increased subsequent risk of melanoma. ln their study, MacKie and
Aitchison (1982) found a positive association between a history of severe sunburn and risk
of melanoma (p -c 0.05). Green et aL. (1986) found relative risks of 1.5 (95% confidence
interval, 0.7-3.2) for two to five severe sunburns throughout life and 2.4 (95% confidence
interval, 1.0-6.1) for six or more sunburns. Elwood et al. (l985b) found relative risks of 1.0
for a 'mild' vacation sunburn score, 1.2 for 'moderate', 1.3 for 'severe' and 1.8 for 'very
severe' (p for trend, -c 0.0 1) sunburns. They pointed out, however, that when allowance was
made for hair colour, skin colour and freckles in adolescence the association disappeared.
Similarly, Holman et al. (1 986a) found no association between sunburn and all melanornas
after adjusting for confounding (skin reaction to sunlight, hair colour, ethnie origin, age at
arrivaI in Australia). There was, however, evidence of a residual effect of sunburn on the
occurrence of lentigo maligna melanoma (p = 0.06).

Recreational exposure to the sun is intermittent. On the basis of the unusual distribution
of age, site and occupation of melanoma patients, Fears et aL. (1977) and McGovern (1977)
suggested that intense exposure to sunlight over short periods may be more important than
total exposure. Holman et al. (1 986a), in their case-control study, noted that one measure of
the intermittency of solar exposure - the proportion of total outdoor exposure that was
recreational - showed no consistent association with risk of melanoma.

Other aspects: The diagnosis of melanoma follows a seasonal pattern, with highest rates
occurring during the summer months (Malec & Eklund, 1978; Scotto & Nam, 1980; Hinds et
aL., 1981; Holman & Armstrong, 1981). It is not clear whether this reflects seasonal changes
in diagnosis or a true seasonal change in incidence, although Holman et al. (1983) found, on
review of the histopathology of 216 melanocytic naevi, that a junctional component was
most common in summer months, as was associated inflammation; more naevi diagnosed in
the summer months showed mitotic activity (Armstrong et al., 1984).

Houghton et al. (1978), in a study of cancer incidence statistics, reported that melanoma
incidence fluctuates considerably at certain times, and that there are peaks about every eight
to Il years, lasting for three to five years. They pointed out that these peaks in incidence
followed, by zero to two years, periods of sunspot activity. Incidence data from Connecticut
and New York followed this general pattern. ln Finland, the increased incidence rates were
significantly correlated with years of sunspot activity and with the first subsequent year.
Wigle (1978) reported a sirnilar finding for Canada.
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Swerdlow (1979) reported that fluctuations in melanoma incidence in women in the UK
were correlated with the duration of sunny periods two years previously.

(iii) Exposure ta other sources of uv light

Beral et al. (1982), in a study of 274 women in Sydney aged 18-54 years who had
melanoma, reported that working indoors with illumination frorn fluorescent light was
associated with an increased risk of melanoma (RR, 2. 1; 95% confidence limits, 1.32-3.32).

Pasternack et al. (1983), in a study of 136 patients with melanoma in New York, found
that recent exposure to fluorescent light at work was associated with an increased risk of
melanoma (p -: 0.01); Rigel et al. (1983) found no such association in 114 patients with
melanoma in New York.

A study in Western Australia of337 cases and 349 controls also found litte evidence that
exposure to fluorescent light, at home or at work, causes melanorna. There was no overall
association, and separate analyses by histological type and body site of melanoma showed,
in most instances, no consistent association between incidence rate of melanoma and
exposure to fluorescent light without diffusers (English et al., 1985).

Elwood et al. (1986), in a case-control study of 83 patients with melanoma in the UK,
found a positive trend in the relative risk for malignant melanoma with increasing total
exposure to fluorescent light through occupation, which was not, however, statistically
significant. ln the highest exposure category (more than 50 000 hours), the relative risk was
1.4 for total exposure to fluorescent light and that for exposure to fluorescent lamps without
diffusers was 4.0 (trend not statistically significant).

Klepp and Magnus (1979) reported no difference in the use of sunlamps to promote a tan
by patients with melanoma compared to controls, but details were not given.

Adam et aL. (1981) found that women in the UK with melanoma were more likely to have
used such lamps in the past (8% vers us 3%, p -: 0.05).

ln their case-control study of 511 patients with melanoma from Western Australia,
Holman et al. (1 986b) found no association between use of sunlamps and risk of melanoma.

(d) Melanoma of the eye

Individuals with blue eyes and fair hair have a less dense retinal pigment epithelium than
other individuals, thus allowing greater light transmission to the uvea. These characteristics
have been associated with an increased incidence of ocular melanoma in two case-control
studies, one in Canada (Gallagher et al., 1985) and the other in the USA (Tucker et al., 1985).
Ocular melanoma is also more common in whites than in blacks or in Asians in the USA
(Scotto et al., 1976c; Waterhouse et aL., 1982).

(i) Latitude

Melanorna of the eye is not usually distinguished from other cancers of the eye in
statistics derived from whole populations (Waterhouse et al., 1982). ln the UK, however, it
accounts for 80-90% of all eye cancers in adults (Swerdlow, 1983a); for whites, therefore, the
incidence and mortality rates of aIl cancers of the eye may be taken as indicating the
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incidence and mortality of ocular melanoma (Swerdlow, 1983b). ln the USA (Scotto et al.,
1976c) and in England and Wales (Swerdlow, 1983b), the incidence of eye cancers does not
vary appreciably with latitude, and in Europe the gradient of their mortality in adults with
latitude is the opposite of what would be expected from a simple direct relationship with
exposure to the sun (Hakulinen et aL., 1978).

ln a case-control study of 497 white cases and 501 white controls from Philadelphia,
USA, Tucker et al. (1985) found that those born in the south of the USA had a higher
incidence of ocular melanoma than those born in the north (relative risk, 2.7; 95%
confidence interval, 1.3-5.9). There was, however, no consistent association between
duration of residence in the south and incidence.

(ii) Exposure ta sunlight

ln 65 case-control pairs from western Canada, Gallagher et aL. (1985) found no asso-
ciation between ocular melanoma and cumulative lifetime exposure to sun, sun exposure in
the decade before diagnosis or occupational, recreational or vacation sun exposure. ln
contrast, Tucker et al. (1985) found that sunbathing, gardening and increased sun exposure
during vacations were associated with an increased risk of ocular melanoma, while hunting,
camping, fishing and an estimate of total outdoor leisure time were not. Use of eye
protection when in the sun (sunglasses, hats or sun visors) appeared to protect against ocular
melanoma (relative risk, 1.6; 95% confidence interval, 1.2-2.2 in those who never, rarely or
occasionally used protection relative to those who al ways used it). This effect was
particularly strong for melanoma of the iris (relative risks, 3.2, 3.9 and 4.9 for occasional,
rare and never use, respectively). Other sun-relàted effects, however, did not appear to be
specifie for melanoma of the iris.

(iii) Exposure ta other sources of uv light

The study of Tucker et aL. (1985) found that subjects who had ever worked as welders
were at greatly increased risk of ocular melanoma (relative risk, 10.9; 95% confidence

interval, 2.1-56.5, relative to those who had never worked as welders).

4. Summary of Data Reported

4.1 Experimental data

Broad-band sources of ultraviolet radiation have been shown to induce skin tumours in
at least ten strains of mice of different phenotypes. The most common skin tumour types
were squamous-cell carcinoma of the exposed skin in the hairless strains and squamous-cell
carcinoma and fibrosarcoma of the ear in the haired strains; other skin tumours occurred.
Studies of broad-band ultraviolet radiation cannot identify the carcinogenic potential of
different spectral regions. Glass filtration of ultraviolet radiation sources has implicated
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ultraviolet B radiation as the most potent part of the spectrurn. ln one study, mono-
chromatic ultraviolet B radiation (at 300 nm and 310 nm) was Garcinogenic to mouse skin.
The few data on the carcinogenicity of ultraviolet A and C radiationper se are inconc1usive.

Skin tumours were found in two strains of rat and in one strain of hamster after exposure
to broad-band ultraviolet B radiation but were not observed in guinea-pigs.

Corneal tumours were observed in rodents after exposure to broad-band ultraviolet
radiation.

Ultraviolet radiation in the A, Band C regions induces mutations in microorganisms
and cultured mammalian celIs. Ultraviolet Band C radiation induce chromos omal
aberrations, sister chromatid exchanges (ultraviolet C only) and cell transformation in
cultured mammalian celIs. No information was available on the effect of ultraviolet A
radiation on these end points.

4.2 Human data

(a) Non-melanocytic skin cancer

The distribution on the body of non-melanocytic skin cancer paralIels closely the parts
normalIy exposed to sunlight. ln the USA there is a strong inverse relation between latitude
and incidence of non-melanocytic skin cancers, but information from other countries is
lacking. One study demonstrated a correlation between incidence of these malignancies in
four regions of the USA and measured ultraviolet flux. Outdoor occupations, such as
farming, are associated with an increased risk of non-melanocytic skin cancers. Four
case-control studies were reviewed. AlI the findings were consistent in finding that exposure
to sunlight is a risk factor, but the studies had major shortcomings. For example, controls
for two of the studies were chosen from among derrnatology patients, whose outdoor
activities may have been affected by their ilInesses. Furthermore, cases and controls were of
different average ages, and this was not dealt with adequately in the analyses. One study
reported a relationship between non-melanocytic skin cancers and the use of sunlamps, but
again the study design was weak.

The constitutional, geographical and bodily distribution of non-melanocytic skin

cancers is consistent with sunlight being a causal factor. This conclusion receives sorne

support from several methodologicalIy weak case-control studies.
There are no adequate data on which conclusions about the carcinogenic risk of other

source:s of ultraviolet light could be based.

(b) Lip cancer

The incidence of buccal cancers in the USA, most of which are lip cancers, is inversely
related to latitude. Mortality from lip cancer is greater in people in occupational groups
involving work out of doors. AlI five case-control studies reviewed showed consistent and
strong associations with outdoor work.

AlI the evidence - direct and indirect - is consistent with sunlight being a causal factor

in lip cancer.
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There are no data on the role, if any, of sources of ultraviolet radiation other than
sunlight in the etiology of cancer of the lip.

(c) Malignant melanoma of the skin

The distribution of melanomas on the skin does not correspond with the parts of the
body most exposed to sunlight.

Mortality and incidence data from many parts of the world show an inverse relationship
between melanoma rates and latitude. There are exceptions to this general finding. For
example, melanoma rates are higher in the Scandinavian countries than in southern Europe;
this could be due to the fact that Scandinavian people have fairer skins.

ln one study in which melanoma mortality in 18 counties of the USA was compared with
direct measurements of ultraviolet light, no significant correlation was found.

Several studies of migrants have shown that people born further from the equator than
their newly adopted home have lower rates of melanoma than do the native-born
populations.

Three case-control studies showed a positive association between estimates of total sun
exposure and the risk of melanoma. ln one of these, chronic solar damage to the skin was
also commoner in patients with melanoma. One case-control study showed no general trend
of increasing risk of melanoma with increasing annual exposure to the sun.

ln five analyses of occupational mortality or incidence, outdoor workers were found to
have no increased risk of melanoma. Outdoor work was also assessed in seven case-control
studies. Five of these showed no association, while the other two showed a reduced risk in
outdoor workers. ln one cohort study, outdoor work in youth was associated with an

increased risk of melanoma.
Recreational exposure to sunlight was investigated in seven case-control studies. One

study showed an increasing risk of melanoma with increasing time spent in outdoor summer
recreation and with increasing frequency of sunny vacations. ln another study, although
there was no evidence of an effect oftotal average number ofhours spent weekly at outdoor
recreation, there were sorne positive associations between melanoma at specifie body sites
and particular types of outdoor recreation and clothing habits. ln one case-control study,
patients with melanoma were less likely to have spent more than 16 hours each week in
outdoor recreational activities.

F our case-control studies showed an increased risk of melanoma in patients with a
history of severe sunburn, although in two instances the association disappeared when
allowance was made for confounding by pigmentary characteristics.

Three case-control studies have shown sorne evidence of an increased risk of melanorna
in people exposed to fluorescent light. ln two other case-control studies, no such association
was found.

ln one case-control study, past use of sunlamps was reported by a higher proportion of
women with melanoma than by the controls. Two other case-control studies found no
association between use of sunlamps and risk of melanoma.
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The constitutional risk factors and geographical distribution of malignant melanoma
are consistent with exposure to sunlight playing a role in its etiology. This conclusion is
supported by S0me of the results of analytical studies, but the data are not consistent with a
simple, direct effect of sunlight.

There are conflicting data concerning the role of ultraviolet sources other than sunlight,
and no conclusion can be drawn at present.

(d) Melanoma of the eye

Cancers of the eye, the majority ofwhich are melanomas in adults, are more common in
white than in other populations. Descriptive studies, however, have found no consistent
association between latitude of residence and incidence or mortality of these cancers. ln two
case-control studies, melanoma of the eye was associated with blue eyes and fair hair. ln
addition, in one of these studies, it was associated with birth near the equator and severa!
indicators of exposure to the sun, and an increased incidence was found in welders.

Both the association of ocular melanoma with indicators of sun sensitivity and the direct
link to sun exposure in one study are consistent with a role of sunlight in its etiology. The
apparent lack of a consistent inverse relationship with latitude of residence, however, is
discordant. On present evidence, therefore, an etiological role for sunlight is not established.

The association of melanoma of the eye with welding, if confirmed in other studies,
would suggest an etiological role of ultraviolet light from sources other than the sun.
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SUPPLEMENTARY CORRIGENDA TO VOLUMES 1-39

Corrigenda covering volumes 1 -6 appeared in volume 7; others appeared in volumes 8,
10-13 and 15-38.

Volume 18

p.47 Delete footnote

Supplement 4

p. 149 paragraph l, 2nd line from
bottom

replace extended 3-5 by
extended 3,4

Volume 36

p.120 Replace table by

Genetic activity Cell transformation

DNA damage Mutation Chromosomal
effects

Prokaryotes + +

Fungi/ Green plants + +

Insects

Mammalian cells

(in vitro) +

Mammals

(in vivo) +

Humans

(in vivo)

Degree of evidence in short-term tests for genetic activity: Suffd..t Cell transformation:
No data

p.208 Colurnn l, entry 3 replace Hogstedt by Högstedt

Volume 37

p.73 Table 25, heading replace p.g/ g by p.g/ kg

-417-



418 SUPPLEMENTARY CORRIGENDA TO VOLUMES 1-39

Volume 38

p.40 Table 1 delete the line Osteoporosis...
':0.1 from section l'and add
ta section C

p.41 section D, lines 6-7 replace osteoporosis, with its
attendant risk of fractured
neck of the femur by cancer
of the endornetrium

Volume 39

p.169 section 3.3, paragraph 2, line 2 replace 1656 by 1662

p.170 line 13 delete statistically significant

line 13, after 278 add These SMRs were not
statistically significant.

p.248 replace structure of
caprolactam by

H 0
\ IL

Ü
p.322 Ulrich reference replace VoL. 13 by VoL. 23



CUMULATIVE INDEX TO IARC MONOGRAPHS
ON THE EVALUATION OF THE CARCINOGENIC RISK

OF CHEMICALS TO HUMANS

Numbers in italics indicate volume, and other numbers indicate page. References to corrigenda
are given in parentheses. Compounds marked with an asterisk(*) were considered by the working
groups in the year indicated, but monographs were not prepared because adequate data on
carcinogenicity were not available.

A

A-a-C (2-Amino-9 H-pyrido(2,3-b )indole)
Acetaldehyde
Acetaldehyde formylmethylhydrazone
Acetamide
Acetylsalicylic acid (1976)*
Acridine orange
Acriflavinium chloride
Acrolein

40, 245
36, LOI (corr. 40, 419)
31, 163

7, 197

Acrylamide
Acrylic acid
Acrylic fibres
Acrylonitrile

16, 145

13,31
19,479
36, 133

39,41
19,47
19,86
19,73
Suppl. 4, 25

19,9
JO, 29 (corr. 29, 399; 34, 197)

Suppl. 4, 27

Acrylonitrile-butadiene-styrene copolymers
Actinomycins

Adipic acid (1978)*

Adriamycin
JO, 43
Suppl. 4, 29

31,47
1, 145 (corr. 7,319; 8, 349)
JO, 51

Suppl. 4, 31

31,63
5,25
Suppl. 4, 35

36,39

AF-2
Aflatoxins

Agaritine
Aldrin

Allyl chIo ride

-419-
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Allyl isothiocyanate
Allyl isovalerate
.A lu minium production
Amaranth
5-Aminoacenaphthene
2-Aminoanthraquinone
para-Aminoazo benzene

ortho-Aminoazotoluene
para-Aminobenzoic acid
4-Aminobiphenyl

1 -Amino-2-methylanthraquinone
2-Amino-5-( 5-nitro-2-furyl)-1 ,3,4-thiadiazole

4- Amino- 2-nitrop henol

2-Amino-4-nitrophenol (1977)*

2-Amino-5-nitrophenol (1977)*

2- Amino-5-nitrothiazole

6-Aminopenicilanic acid (1975)*
11-Aminoundecanoic acid

Amitrole

36,55
36,69
34,37
8,41
16,243
27, 191

8,53
8,61 (corr. 11,295)
16,249
1, 74 (corr.10, 343)

Suppl. 4, 37

27, 199

7,143
16,43

31,71

39, 239

7,31

Suppl. 4, 38

Amobarbital sodium (1976)*

Anaesthetics, volatile 11, 285

Supp1.4,41
40, 291Angelicin and sorne synthetic derivatives

5- Methylangelicin

4,4'- Dimethylangelicin

4,5'- Dimethylangelicin

4,4',6- Trimethylangelicin

Aniline 4,27 (corr. 7, 320)

27,39
Suppl. 4, 49
27,40
27,63
27,65
32,95
32, 105

16,265

Aniline hydrochloride

ortho-Anisidine and its hydrochloride
para-Anisidine and its hydrochloride
Anthanthrene
Anthracene
Anthranilic acid
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Apholate
Aramite(§
Arsenic and arsenic compounds

Arsanilic acid

Arsenic pentoxide
Arsenic sulphide

Arsenic trioxide
Arsine
Calcium arsenate
Dimethylarsinic acid
Lead arsenate
Methanearsonic acid, disodium salt
Methanearsonic acid, monosodium salt
Potassium arsenate
Potassium arsenite
Sodium arsenate
Sodium arsenite
Sodium cacodylate

Asbestos
Actinolite
Amosite
Anthophyllte
Chrysotile
Crocidolite
Tremolite

Asiaticoside (1975)*
Auramine

9,31
5,39
1,41
2,48
23,39
Suppl. 4, 50

2, 17 (corr. 7,319)
14 (corr. 15,341; 17,351)
Suppl. 4, 52

Aurothioglucose
5-Azacytidine
Azaserine
Azathioprine

1,69 (corr. 7,319)
Suppl. 4, 53 (corr. 33, 223)
13,39
26,37
10, 73 (corr. 12,271)
26,47
Suppl. 4, 55

9,37
9,47
9,51
8,75

Aziridine
2-( 1 -Aziridinyl)ethanol
Aziridyl benzoquinone
Azobenzene

B

Benz( a )acridine

Benz( c )acridine

32, 123

3,241
32, 129

29,65
Suppl. 4, 84
3,45
32, 135

Benzal chloride

Benz( a )anthracene
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Benzoyl peroxide
Benzyl acetate

Benzyl chloride

7, 203 (corr. 11, 295)

29, 93, 391

Suppl. 4, 56 (corr. 35, 249)
1,80
29, 149, 391

Suppl. 4, 57

3,69
32, 147

3,82
32, 155

32, 163

32, 171

32, 177

32, 183

32, 189

32, 195

32, 205
3,91
Suppl. 4, 227
32, 211

3,137
32, 225
29, 185

29,73
Suppl. 4, 84
29,83
Suppl. 4, 84
36, 267
40, 109

11,217 (corr. 13,243)
29,49 (corr. 30,407)
Suppl. 4, 84
16, 153

1, 17

23, 143 (corr. 25, 392)

Suppl. 4, 60

Benzene

Benzidine and its salts

Benzo( b )fluoranthene

Benzoú1fluoranthene

Benzo( k )fluoranthene

Benzo(ghi1fluoranthene
Benzo( a )fluorene

Benzo( b )fluorene

Benzo( c )fluorene

Benzo(ghi1perylene
Benzo( c )phenanthrene
Benzo( a )pyrene

Benzo( e )pyrene

para-Benzoquinone dioxime

Benzotrichloride

Benzoyl chloride

Benzyl violet 4B
Beryllum and beryllium compounds

Bertrandite
Beryllum acetate
Beryllum acetate, basic
Beryllium-aluminium alloy
Beryllum carbonate
Beryllum chloride
Beryllum-copper alloy
Beryllum-copper-cobalt alloy
Beryllum fluoride
Beryllum hydroxide

Beryllum-nickel alloy
Beryllum oxide
Beryllum phosphate
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Beryllium silicate
Beryllum sulphate and its tetrahydrate
Beryl ore
Zinc beryllium silicate

Betel-quid and areca-nut chewing
Bis( l-aziridinyl)morpholinophosphine sulphide
Bis( 2-chloroeth yl)ether
N,N- Bis(2-chloroethyl)- 2-naphthylamine (Chlomaphazine)

Bischloroethyl nitrosourea (BCNU)

Bis-(2-chloroisopropyl)ether (1976)*
1 ,2-Bis( chloromethoxy)ethane
1,4- Bis( chloromethoxymethyl)benzene
Bis( chloromethyl)ether

Bitumens
Bleomycins

Blue VRS
Doot and shoe manufacture and repair

Bracken fem
Brillant blue FCF diammonium and disodium saits
1,3-Butadiene
1,4-Butanediol dimethanesulphonate (Myleran)

n-Butyl acrylate
Butylated hydroxyanisole (BHA)
Butylated hydroxytoluene (BHT)
But yI benzyl phthalate
Butyl-cis-9, 10-epoxystearate (1976)*
ß-Butyrolactone
'Y-Butyrolactone

C

Cadmium and cadmium compounds
Cadmium acetate
Cadmium chIo ride
Cadmium oxide
Cadmium sulphate
Cadmium sulphide

Calcium cyc1amate

423

37, 141

9,55
9,117
4, 119 (corr. 30,407)
Suppl. 4, 62

26,79
Suppl. 4, 63

15,31
15,37
4,231 (corr. 13,243)
Suppl. 4, 64

35,39
26,97
Suppl. 4, 66
16, 163

25, 249
Suppl. 4, 138

40,47
16, 171 (corr. 30, 407)
39, 155 (corr. 40, 418)
4,247
Suppl. 4, 68

39,67
40, 123

40, 161

29, 194 (corr. 32, 455)

11, 225
11, 231

2,74
11, 39 (corr. 27, 320)
Suppl. 4, 71

22,58 (corr. 25, 391)
Suppl. 4, 97
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Calcium saccharin 22, 120 (corr. 25,391)
Suppl. 4, 225
10,79
19, 115 (corr. 31, 293)
39,247 (corr. 40,418)
30, 295
12,37
32, 239
40, 317
3,22
33, 35

1,53
20,371
Suppl. 4, 74
8,83
25, 139

Suppl. 4, 139

10,181 (corr. 11,295)
31,79
15, 155

Cantharidin
Caprolactam

Captan
Carbaryl
Carbazole
3-Carbethoxypsoralen
Carbon blacks

Carbon tetrachloride

Carmoisine
Carpentry and joinery

Carrageenan

Catechol
Chloramben (1982)*
Chlorambucil 9,125

26, 115

Suppl. 4, 77
10,85
Suppl. 4, 79
20,45 (corr. 25, 391)
Suppl. 4, 80
20,67
30,61
15,41
Suppl. 4, 211, 238

Suppl. 4, 84
6,149
21, 365

Suppl. 4, 192

5,75
30, 73

26, 173 (corr. 35, 249)

Suppl. 4, 83

Chloramphenicol

Chlordane

Chlordecone (Kepone)
Chlordimef orm
Chlorinated dibenzodioxins

Chlorinated toluenes (production of)
Chlormadinone acetate

Chlorobenzilate

1 -(2-Chloroethyl)-3-cyclohexyl- 1 -nitrosourea (CCNU)



CUMULATIVE INDEX 425

Chloroform 1,61
20,401
Suppl. 4, 87

4,239
Suppl. 4, 64

Suppl. 4, 88

27,81
27,82
19, 131

Suppl. 4, 89

12,55
13,47
30,319
16,277
30,61

Chloromethyl methyl ether

Chlorophenols (occupational exposures to)
4-Chl oro-or t ho-p henylenediamine
4-Chloro-met a-p hen y lenediamine
Chloroprene

Chloropropham
Chloroquine
Chlorothalonil
para-Chloro-ortho-toluidine and its hydrochloride

5-Chloro-ortho-toluidine (1977)*

Chlorotrianisene
Chlorpromazine (1976)*
Cholesterol

21, 139

Chromium and chromium compounds
Barium chromate

Basic chromic sulphate
Calcium chromate
Chromic acetate
Chromic chloride
Chromic oxide
Chromic phosphate
Chromite ore
Chromium carbonyl
Chromium potassium sulphate
Chromium sulphate
Chromium trioxide
Cobalt-chromium alloy
Ferrochromium
Lead chromate
Lead chromate oxide
Potassium chromate
Potassium dichromate
Sodium chromate

10,99
31,95
2,100
23, 205
Suppl. 4,91
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Sodium dichromate
Strontium chromate
Zinc chromate
Zinc chromate hydroxide
Zinc potassium chromate
Zinc yellow

Chrysene

Coa1 gasification
Coa1-tars
Coa1-tar pitches (see Coa1-tars)
Coke production
Conjugated oestrogens

3,159
32, 247

8,91
8,97
16,287
31, 133

26, 151

Suppl. 4, 93
40,67
8, 101 (corr. 19,495)
24,39
Suppl. 4, 95
21, 551

Suppl. 4, 96
34,65
35,83

Chrysoidine
c.I. Disperse Yellow 3

Cinnamyl anthrani1ate

Cisp1atin

Citrinin
Citrus Red No. 2
C10fibrate

C10miphene and its citrate

Copper 8-hydroxyquino1ine
Coronene
Cou marin
Creosotes (see Coa1-tars)
meta-Cresidine
para-Cresidine
Cycasin

34, 101

21,147
Suppl. 4, 179

15, 103

32,263
JO, 113

Cyclamic acid

27,91
27,92
1, 157 (corr. 7,319)
JO, 121

22,55 (corr. 25, 391)
Suppl. 4, 97
JO, 139

22,59 (corr. 25, 391)
Suppl. 4, 97
32, 269

9,135
26, 165

Suppl. 4,99

Cyclochlorotine
Cyclohexylamine

Cyclopenta( cd)pyrene
Cyclophosphamide

D
2,4-D and esters

D and C Red No. 9

15, 1 Il
Suppl. 4, 101,211
26, 203
Suppl. 4, 103

8,107

Dacarbazine
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Dapsone

Daunomycin
DDT and associated substances

DDD (TDE)
DDE

Diacetylaminoazotol uene

N,N' - Diacety 1 benzidine

Diallate

2,4-Diaminoanisole and its sulphate

2,5- Diaminoaniso1e (1977)*
4,4'-Diaminodiphenyl ether

1,2- Diamino-4-nitrobenzene
1,4- Diamino-2-nitro benzene
2,4-Diaminotoluene (see also Toluene diisocyanate)
2,5-Diaminotoluene and its sulphate
Diazepam
Diazomethane
Dibenz( a,h )acridine

Dibenz( aJJacridine

Dibenz( a,c )anthracene

Dibenz( a,h )anthracene

Di benz( aJ Jan thracene

7 H-Dibenzo( c,g)carbazole

Dibenzo( a,e )fluoranthene
Dibenzo( h,rst)pentaphene

Dibenzo( a,e )pyrene

Dibenzo( a,h )pyrene

Dibenzo( a,iJpyrene

Dibenzo( a,l)pyrene

1,2- Dibromo-3-chloropropane

427

24,59
Suppl. 4, 104

10, 145

5,83 (corr. 7, 320)
Suppl. 4, 105

8, 113

16,293
12,69
30, 235
16,51
27, 103

16, 301
29, 203
16,63
16,73
16,83
16,97
13,57
7,223
3,247
32,277
3,254
32, 283
32,289 (corr. 34, 197)
3, 178

32, 299
32, 309
3,260
32,315
32, 321
3,197
3,201
32, 327
3,207
32, 331
3,215
32, 337
3,224
32,343
15, 139

20, 83
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Dichloroacetylene
ortho-Dichlorobenzene

Dienoestrol

39, 369

7,231
29,213
Suppl. 4, 108

7, 231

29,215
Suppl. 4, 108

4,49
29, 239
Suppl. 4, 1 10

15, 149

16, 309
20,429
20, 449
Suppl. 4, 1 1 1

39, 325

20,97
30,87
22,60 (corr. 25, 391)
5, 125

Suppl. 4, 112

21, 161

Suppl. 4, 183

11, ll5 (corr. 12,271)
29, 257

29,269 (corr. 32, 455)
4, 153

6,55
21, in (corr. 23, 417)

Suppl. 4, 184

21, 175

4, 277
Suppl. 4, 1I5
11, 125

36, 181

1, 17,0

10,233
15, 155

24,77

para- Dichloro benzene

3,3'-Dichlorobenzidine and its
dihydrochloride

trans- 1 ,4-Dichlorobutene
3,3' -Dichloro-4,4' -diaminodiphenyl ether
1,2- Dichloroethane
Dichloromethane

2,6- Dichloro-para-p heny lenediamine
Dichlorvos
Dicofol
Dicyclohexylamine
Dieldrin

Diepoxybutane
Di -(2-eth y lhex y l)adi pa te

Di-(2-eth ylhexyl)p hthalate
1,2- Diethylhydrazine
Diethylstilboestrol

Diethylstilboestrol dipropionate
Diethyl sulphate

Diglycidyl resorcinol ether

Dihydrosafrole

Dihydroxybenzenes
Dihydroxymethylfura trizine
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Dimethisterone 6, 167

21,377
Suppl. 4, 193

Dimethoate (1977)*
Dimethoxane
3,3' -Dimethoxybenzidine (artha- Dianisidine)

15, 177

4,41
Suppl. 4, 116

39,279
8, 125 (corr. 3i, 293)

8,147

3,3'- Dimethoxybenzidine-4,4' -diisocyanate
para- Dimethylaminoazo benzene
para- Dimethylamino benzenediazo

sodium sulphonate

trans-2((Dimethylamino )methylimino )-5-

(2-(5-nitro-2-furyl)vinyl)-1,3,4-oxadiazole
3,3'- Dimeth yI benzidine (art ha- T 0 lidine)

Dimethylcarbamoyl chloride

7, 147 (corr. 30, 407)

1,I-Dimethylhydrazine
1,2- Dimethylhydrazine
1,4- Dimethylphenanthrene
Dimethyl sulphate

1,87
12,77
Suppl. 4, 118

4, 137

4, 145 (corr. 7,320)
32, 349
4,271
Suppl. 4, 119

Dimethylterephthalate (1978)*

1,8- Dinitropyrene
Dinitroso pen tamethy lenetetramine
1,4-Dioxane

33, 171

11, 241

11, 247
Suppl. 4, 121

16,3132,4' -Diphenyldiamine
Diphenylthiohydantoin (1976)*

Direct Black 38 29,295 (corr. 32, 455)
Suppl. 4, 59

29, 311

Suppl. 4, 59

29,321
Suppl. 4, 59

12,85
13,75
12,97

Direct Blue 6

Direct Brown 95

Disulfiram
Dithranol
Dulcin

E

Endrin
Enflurane (1976)*

Eosin and its disodium salt

5,157

15, 183
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Epichlorohydrin Il, 131 (corr. 18, 125; 26,387)
Suppl. 4, 122 (corr. 33,223)
11, 141

11, 147

1 - Epoxyethyl-3,4-epoxycyclohexane
3,4- Epoxy-6-methylcyclohexylmethy 1- 3,4-
epoxy-6-methylcyclohexane carboxylate

cis-9, 10- Epoxystearic acid

Ethinyloestradiol

Ethionamide
Ethyl acrylate

Il, 153

6,77
21,233
Suppl. 4, 186

13,83
19,57
39,81
19, 157

15, 195

Suppl.4,124
11, 157

Suppl. 4, 126

36, 189 (corr. 40,419)
11, 257
7,45
Suppl. 4, 128

7,245
12, 107

12, 115

6, 173

21,387
Suppl.4, 194

36,75
8, 151

Ethylene
Ethylene dibromide

Ethylene oxide

Ethylene sulphide

Ethylene thiourea

Ethyl methanesulphonate
Ethyl selenac

Ethyl tellurac
Ethynodiol diacetate

Eugenol
Evans blue

F

Fast green FCF
Ferbam
Fluometuron
Fluoranthene
Fluorene
Fluorescein and its disodium salt (1977)*
Fluorides (inorganic used in drinking-water and
dental preparations)
Fluorspar
Fluosilicic acid
Sodium fluoride

16, 187

12, 121 (corr. 13,243)
30, 245
32, 355

32, 365

27, 237
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Sodium monofluorophosphate
Sodium silicofluoride
Stan nous fluoride

5-Fluorouracil

Formaldehyde

2-(2- F ormylhydrazino )-4-( 5-nitro-2-
furyl)thiazole

Furazolidone
The furniture and cabinet-making industry

2-(2- Furyl)- 3-( 5-nitro- 2-fury l)acrylamide
Fusarenon-X

G
Glu- p- 1 (2-Amino-6-methyldipyrido( 1 ,2-a:3' ,2' -dJimidazole)
Glu-P-2 (2-Aminodipyrido( 1 ,2-a:3' ,2'-dJimidazole
L-Glutamic acid-5-(2-( 4-hydroxymethyl)phenylhydrazide J
Glycidaldehyde
Glycidyl oleate
Glycidyl stearate
Griseofulvin
Guinea green B

Gyromitrin

H
Haematite

Haematoxylin (1977)*
Hair dyes, epidemiology of

Halothane (1976)*
Heptachlor and its epoxide

Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyc1ohexane (a-, ß-, ô-, €-,
technical H CH and lindane)

431

26, 217
Suppl. 4, 130

29, 345
Suppl. 4, 131

7, 151 (corr. 11,295)

31, 141

25,99
Suppl. 4, 140

31,47
11, 169

31, 153

40, 223
40, 235
31,63
11, 175

Il, 183

11, 187

10, 153

16, 199

31, 163

1,29
Suppl. 4, 254

16,29
27, 307

5,173
20, 129

Suppl. 4, 80

20, 155

20, 179

5,47
20, 195 (corr. 32, 455)
Suppl. 4, 133
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Hexachloroethane
Hexachlorophene
Hexamethylenediamine (1978)*
Hexamethylphosphoramide
Hycanthone and its mesylate
Hydralazine and its hydrochloride

20, 467
20, 241

Hydrazine

15,211
13,91
24,85
Suppl. 4, 135

4,127
Suppl. 4, 136

36, 285

15, 155

8, 157

21,399 (corr. 31, 293)
Suppl. 4, 195

13, 101

10, 265

Hydrogen peroxide
Hydroquinone
4- H ydroxyazo benzene

17 (X- Hydroxyprogesterone caproate

8-Hydroxyquinoline
Hydroxysenkirkine

1

Indeno( 1 ,2,3-cd)pyrene 3,229
32, 373

40,261
34, 133

2, 161

Suppl. 4, 145

2, 161 (corr. 7,319)
1,29
2, 161

10, 269

IQ (2-Amino-3-methylimidazo( 4,5:fquinoline)

Iron and steel founding
Iron-dextran complex

Iron-dextrin complex
Iron oxide

Iron sorbitol-citric acid complex
Isatidine
Isoflurane (1976)*

Isonicotinic acid hydrazide 4,159
Suppl. 4, 146

26, 237Isophosphamide
Isoprene (1978)*
Isopropyl alcohol 15, 223

Suppl. 4, 151

15, 223
Suppl. 4, 151

1, 169

10, 232

Isopropyl oils

Isosafrole

J
Jacobine 10,275
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K

Kaempferol

L

Lasiocarpine
Lauroyl peroxide

Lead and lead compounds
Lead acetate and its trihydrate
Lead carbonate
Lead chloride
Lead naphthenate
Lead nitrate
Lead oxide
Lead phosphate

Lead subacetate
Lead tetroxide
Tetraethyllead
Tetramethyllead

The leather goods manufacturing industry

(other than boot and shoe manufacture and tanning)
The leather tanning and processing industries

Ledate
Light green SF
Lindane

The lumber and sawmill industries (including logging)

Luteoskyrin
Lynoestrenol

Lysergide (1976)*

M

Magenta

Malathion
Maleic hydrazide

Malonaldehyde
Maneb
Mannomustine and its dihydrochloride

433

31, 171

10, 281

36,315
1,40 (corr. 7,319)
2,52 (corr. 8,349)
2,150
23,39,205,325
Suppl. 4, 149 (corr. 40,417)

25, 279
Suppl. 4, 142

25,201
Suppl. 4, 142

12, 131

16, 209
5,47
20, 196

Suppl. 4, 133

25,49
Suppl. 4, 143

10, 163

21, 407
Suppl. 4, 195

4,57 (corr. 7,320)
Suppl. 4, 152

30, 103

4, 173 (corr. 18, 125)

36, 163

12, 137

9,157
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MCPA

MeA-a-C (2-Amino-3-methyl-9 H-pyrido(2,3-b )indole)
Medphalan
Medroxyprogesterone acetate

Megestrol acetate

MelQ (2-Amino-3,4-dimethylimidazo( 4,51lquinoline)
MelQx (2-Amino-3,8-dimethylimidazo( 4,51lquinoxaline)
Melamine
Melphalan

6- Mercaptopurine

Merphalan
Mestranol

Methacrylic acid (1978)*

Methallenoestril (1978)*

Methotrexate

Methoxsalen

Methoxychlor

Methoxyf1urane (1976)*
5- Methoxypsoralen
Methyl acrylate

2- Methylaziridine
Methylazoxymethanol
Methylazoxymethanol acetate

Methyl bromide (1978)*
Methyl carbamate
1-,2-,3-,4-,5- and 6-Methylchrysenes

N- Methyl- N,4-dinitrosoaniline

4,4'- Methylene bis(2-chloroaniline)
4,4' -Methylene bis(N,N-dimethyl)benzenamine

Suppl. 4, 211

30, 255

40, 253
9,168
6, 157

21,417 (corr. 25, 391)
Suppl. 4, 196

21, 431

Suppl. 4, 198

40, 275

40,283
39,333
9,167
Suppl. 4, 154

26,249
Suppl. 4, 155

9, 169

6,87
21,257 (corr. 25, 391)
Suppl. 4, 188

26,267
Suppl. 4, 157

24, 101

Suppl. 4, 158

5,193
20,259

40, 327
19,52
39, 99
9,61
10, 121

1, 164

10, 131

12, 151

32,379
1, 141

4,65 (corr. 7,320)
27, 119
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4,4'- Methylene bis(2-methylaniline)
4,4'-Methylenedianiline and its dihydrochloride

4,4'-Methylenediphenyl diisocyanate

2- and 3-Methylfluoranthenes
Methyl iodide
Methyl methacrylate
Methyl methanesulphonate
2- Methyl- 1 -nitroanthraquinone
N- Methyl- N' -nitro- N-nitrosoguanidine
3- Methy Initrosaminopropio naldehyde
3- Methylnitrosaminopropionitrile
4-(Methylnitrosamino )-4-(3-pyridyl)butanal (NN A)
4-(Methylnitrosamino)- 1 -(3-pyridyl)- 1 -butanone (NNK)
Methyl parathion
1 -Methylphenanthrene
Methyl protoanemonin (1975)*
7 - Methylpyrido(3,4-c )psoralen
Methyl red
Methyl selenac
Methylthiouracil
Metronidazole

Mineral oils

Mirex

Miristicin (1982)*

Mitomycin C
Modacrylic fibres
Monocrotaline
Monuron
5-(M orp ho lino meth yl)- 3-( (5-ni trofurfurylidene)-

amino )-2-oxazolidinone

Mustard gas

N

Nafenopin
1,5- N ap hthalenediamine

435

4,73
4, 79 (corr. 7, 320)
39, 34ì
19,314
32, 399
15,245
19, 187

7,253
27, 205
4, 183

37, 263
37, 263
37, 205
37, 209
30, 131

32,405

40,349
8, 161

12, 161

7,53
13, 113

Suppl. 4, 160

3,30
Suppl. 4, 227

33,87 (corr. 37, 269)
5,203
20,283 (corr. 30, 407)

JO, 171

19,86
10,291
12, 167

7, 161

9, 181 (corr. 13,243)
Suppl. 4, 163

24, 125

27, 127
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1,5-Naphthalene diisocyanate
I-Naphthylamine

19,311
4,87 (corr. 8, 349; 22, 187)

Suppl. 4, 164

4,97
Suppl. 4, 166

30, 347

2, 126 (corr. 7,319)
11,75
Suppl. 4, 167

2-Naphthylamine

I-Naphthylthiourea (ANTU)
Nickel and nickel compounds

Nickel acetate and its tetrahydrate
Nickel ammonium sulphate
Nickel carbonate
Nickel carbonyl
Nickel chloride

Nickel-gallium alloy
Nickel hydroxide
Nickelocene
Nickel oxide
Nickel subsulphide
Nickel sulphate

Nihydrazone (1982)*
Niridazole
Nithiazide
5- Nitroacenaphthene
5-Nitro-ort ho-anisidine
9-Nitroanthracene
6-Nitrobenzo(a)pyrene
4-Nitrobiphenyl
6-Nitrochrysene
Nitrofen
3-Nitrofluoranthene
5- Nitro-2-furaldehyde semicarbazone
1 -(( 5- Nitrofurfurylidene )amino )-2-imidazolidinone
N-( 4-( 5- Nitro- 2-furyl)- 2-thiazolyl)acetamide

13, 123

31, 179

16,319
27, 133

33, 179

33, 187

4,113
33, 195

30,271
33,201
7, 171

7, 181

1, 181

7, 185

9, 193

Suppl. 4, 170

9, 209
29,331
33,209
24,297 (corr. 30, 307)
30, 359

37, 225

37, 233

Nitrogen mustard and its hydrochloride

Nitrogen mus tard N-oxide and its hydrochloride
2-Nitropropane
I-Nitropyrene
N-Nitrosatable drugs

N-Nitrosatable pesticides
N' - Nitrosoanabasine

N' - N itrosoana tabine
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N-N itrosodi-n-buty lamine 4,197
17, 51
17,77
1, 107 (corr. 11,295)
17,83 (corr. 23, 417)
1,95
17, 125 (corr. 25,391)
27, 213
27, 227 (corr. 31, 293)
17, 177
1, 135

17, 191

17,217
37, 263
37, 263
17, 304
17,221
1, 125

17, 227
4,211
17,257
17, 263
17, 281
37,241
17, 287
17, 303
17,313
17, 327

N- Nitrosodiethanolamine
N- N itrosodiethy lamine

N- Nitrosodimethylamine

N- N itrosodi p hen ylamine
para- Nitrosodi p hen ylamine
N- Ni trosodi-n-propylamine
N-Nitroso-N-ethylurea

N-Nitrosofolic acid

N- N itroso gu vacine
N-Nitrosoguvacoline
N- Nitroso hydroxyproline
N- Ni trosomethy lethylamine
N- Nitroso-N-methylurea

N- N itroso- N-methy lurethane
N- N itrosometh ylvin ylamine
N-Nitrosomorpholine
N' -Nitrosonornicotine

N-Nitrosopiperidine
N-Nitrosoproline
N- Nitrosopyrrolidine

N- Nitrososarcosine
N-Nitrososarcosine ethyl ester (1977)*
Nitrovin
Nitroxoline (1976)*

Nivalenol (1976)*

Noresthisterone and its acetate

31, 185

N orethynodrel

6,179
21,441
Suppl. 4, 199

6, 191

21,461 (corr. 25,391)
Suppl. 4,201
6,201
21,479
Suppl. 4, 202

19, 120

N orgestrel

Nylon 6

Nylon 6/6 (1978)*

o
OchratoxIn A 10, 191

31, 191 (corr. 34, 197)
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Oestradiol-17 ß

Oestradiol 3-benzoate
Oestradiol dipropionate
Oestradiol mustard
Oestradiol-17 ß-valerate

Oestriol

Oestrone

Oestrone benzoate

Oil Orange SS
Oral contraceptives

Combined

Sequential

Orange 1

Orange G
Oxazepam
Oxymetholone

Oxyphenbutazone

P

lARe MONOGRAPHS VOLUME 40

6,99
21, 279
Suppl. 4, 190

21,281
21,283
9,217
21, 284
6, Il7
21,327
6,123
21,343 (corr. 25, 391)
Suppl. 4, 191

21, 345

Suppl. 4, 191

8,165

21, 103,133

Suppl. 4, 173

21, ILL

Suppl. 4, 177

8, 173

8, 181

13,58
13, 131

Suppl. 4, 203
13, 185

Panfuran S (Dihydroxymethylfuratrizine)
Parasorbic acid
Parathion
Patulin

Penicillic acid
Pentachlorophenol

Pentobarbital sodium (1976)*

Perylene
Petasitenine
Phenacetin

24,77
JO, 199 (corr. 12,271)
30, 153

JO, 205
40,83
JO, 211

20,203
Suppl. 4, 88, 205

32, 411

31, 207

3, 141

24,135
Suppl. 4, 47
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Phenanthrene
Phenazopyridine (2,6-Diamino-3-(phenylazo)-

pyridine J and its hydrochloride

32,419
8,117
24, 163 (corr. 29,399)
Suppl. 4, 207

24, 175

Suppl. 4, 207

12, 177

13, 157

Suppl. 4, 208

Suppl. 4, 211

9,223
24, 185

13, 183

Suppl. 4,212

Phenelzine and its sulphate

Phenicarbazide
Phenobarbital and its sodium salt

Phenoxyacetic acid herbicides (occupational exposure to)
Phenoxybenzamine and its hydrochloride

Phenylbutazone

ortho-Phenylenediamine (1977)*
meta-Phenylenediamine and its hydrochloride
para-Phenylenediamine and its hydrochloride
N- Phen yl- 2-na p hthylamine

ortho-Phenylphenol and its sodium salt
N- Phenyl-para-phenylenediamine (1977)*
Phenytoin and its sodium salt

16, 1 Il
16, 125

16,325 (corr. 25, 391)
Suppl. 4, 213

30,329

Piperazine oestrone sulphate

Piperonyl butoxide
Polyacrylic acid

Polybrominated biphenyls
Polychlorinated biphenyls

13, 201
Suppl. 4,215
21, 148

30, 183

19, 62
18, 107

7,261
18,43 (corr. 40, 419)
Suppl. 4,217
19, 141

19, 164

Polychloroprene
Polyethylene (low-density and high-density)
Polyethylene terephthalate (1978)*
Polyisoprene (1978)*

Polymethylene polyphenyl isocyanate
Polymethyl methacrylate
Polyoestradiol phosphate
Polypropylene
Polystyrene
Po lytetrafl uoroeth y le ne
Polyurethane foams (flexible and rigid)
Polyvinyl acetate
Polyvinyl a1cohol

19,314
19, 195

21, 286
19, 218
19, 245
19, 288
19, 320
19, 346
19,351
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Polyvinyl chloride 7, 306
19,402

Polyvinylidene fluoride (1978)*

Polyvinyl pyrrolidone
Ponceau MX
Ponceau 3R
Ponceau SX
Potassium bis(2-hydroxyethyl)dithiocarbamate
Potassium bromate
Prednisone

19, 463
8,189
8,199
8,207
12, 183

40,207
26, 293

Suppl. 4, 219
26,311
Suppl. 4, 220
24, 195

6, 135

21,491 (corr. 25, 391)
Suppl. 4, 202
13,227 (corr. 16, 387)
4,253 (corr. 13,243; 20,591)
12, 189

4, 259 (corr. 15,341)
12,201
19, 213
11, 191

36,227 (corr. 38, 397)
7,67
Suppl. 4, 222
25, 157

Suppl. 4, 144

Procarbazine hydrochloride

Proflavine and its salts
Progesterone

Pronetalol hydrochloride
1,3-Propane sultone
Propham
ß- Propiolactone
n-Propyl carbamate
Propylene
Propylene oxide

Propylthiouracil

The pulp and paper industry

Pyrazinamide (1976)*
Pyrene
Pyrido(3,4-c )psoralen
Pyrimethamine
Pyrrolizidine alkaloids

32,431
40, 349

13,233
JO, 333

Q

Quercetin
Quinoestradol (1978)*

Quinoestrol (1978)*

para-Quinone
Quintozene (Pentachloronitro benzene)

31, 213

15, 255
5,211

R

Reserpine 10,217
24,211 (corr. 26, 387; 30, 407)
Suppl. 4, 222



Resorcinol
Retrorsine
Rhodamine B

Rhodamine 6G
Riddelliine
Rifampicin
Rotenone (1982)*
The rubber industry

Rugulosin

S

Saccharated iron oxide
Saccharin

Safrole

Scarlet red

Selenium and selenium compounds
Semicarbazide hydrochloride
Seneciphylline
Senkirkine

Shale-oils
Simazine (1982)*
Sodium cyclamate

Sodium diethyldithiocarbamate
Sodium equilin sulphate
Sodium oestrone sulphate
Sodium saccharin

Soots
Soots and tars

Spironolactone

Sterigmatocystin

Streptozotocin

Styrene

Styrene-acrylonitrile copolymers
Styrene-butadiene copolymers
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15, 155

10, 303
16,221
16,233
10,313
24, 243

28 (corr. 30, 407)

Suppl. 4, 144

40,99

2, 161

22, 111 (corr. 25,391)
Suppl. 4,224
1, 169

10, 231
8,217
9,245 (corr. 12,271; 30, 407)

12,209 (corr. 16,387)
10,319
10, 327
31, 231

35, 161

22,56 (corr. 25, 391)
Suppl. 4, 97
12,217
21, 148

21, 147

22, 113 (corr. 25, 391)
Suppl. 4,224
35,219
3,22
Suppl. 4, 227
24, 259
Suppl. 4, 229

1, 175

10, 245
4,221
17, 337
19, 231
Suppl. 4, 229

19,97
19, 252
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Styrene oxide 11, 201
19, 275
Suppl. 4, 229
36, 245
15,265
8,225
8,233
8,241
8,249
8,253
24, 275
Suppl. 4, 233
30, 283
24, 285
Suppl. 4, 234

Succinic anhydride
S udan 1
S udan Il

Sudan III
Sudan brown RR
Sudan red 7B
Sulfafurazole (Sulphisoxazole)

Sulfallate
Sulfamethoxazole

Sulphamethazine (1982)*
Sunset yellow FCF
Symphytine

8,257
31, 239

T

2,4,5- T and esters 15, 273
Suppl. 4, 2ll, 235

10,253 (corr. 16,387)
10, 254

Tannic acid
Tannins
T erephthalic acid (1978)*
Terpene polychlorinates (StrobaneCI)
Testosterone

5,219
6,209
21,519
21,521
21,522
27, 141

15,41
Suppl. 4, 211,238
20, 477
20, 491

Suppl. 4, 243
30, 197

19,285
7,77
16,343
27, 147

7,85
7,95
12,225
37 (corr. 40, 417)

Testosterone oenanthate
Testosterone propionate
2,2',5,5'- Tetrachlorobenzidine
T etrachlorodibenzo-para-dioxin (TCD D)

1,1,2,2- T etrachloroethane
Tetrachloroethylene

Tetrachlorvinphos
T etrafluoroethylene
Thioacetamide
4,4'- Thiodianiline

Thiouracil
Thiourea
Thiram
Tobacco habits other than smoking
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Tobacco smoking
Toluene diisocyanate
2,4- T oluene diisocyanate

2,6-Toluene diisocyanate

38 (corr. 40,418)
39,287 (corr. 40, 418)
19,303
39, 287
19, 303

39,287
22, 121

Suppl. 4, 224
16,349
27, 155

Supp/. 4, 245

20, 327
26,341
Supp/. 4,246
20,515
20, 533

11, 263

20, 545

Suppl. 4, 247
20, 349

Supp/. 4, 88, 249

9,229
30, 207
31, 265

11, 209

ortho- T oluenesulphonamide

ortho- T oluidine and its hydrochloride

Toxaphene (Polychlorinated camphenes)
Treosulphan

1,1,1- Trichloroethane
l, L ,2- Trichloroethane

Trichloroethylene

2,4,5- and 2,4,6-Trichlorophenols

Trichlorotriethylamine hydrochloride
Trichlorphon
T 2- T richothecene

Triethylene glycol diglycidyl ether
Trifluralin (1982)*

2,4,5-Trimethylaniline and its hydrochloride
2,4,6- Trimethylaniline and its hydrochloride
4,5',8- Trimethylpsoralen

Triphenylene
T ris( aziridinyl)-para-benzoq uinone (T riaziq uone)

27, 177

27, 178

40, 357

32,447
9,67
Suppl. 4, 251

9,75
9,85
Suppl. 4, 252
9,95
/5, 301

20, 575

9,107
31,247

Tris( l-aziridinyl)phosphine oxide
Tris( 1 -aziridinyl)phosphine sulphide (Thiotepa)

2,4,6- Tris( l-aziridinyl)-s-triazine
1,2,3- Tris( chloromethoxy)propane

T ris(2,3-di bro mo p ropyl) p hos p hate

Tris(2-methyl- 1 -aziridinyl)phosphine oxide
Trp-P- 1 (3-Amino- 1 ,4-dimethyl-5H-pyrido( 4,3-b )indole)

and its acetate
Trp-P-2 (3-Amino- 1 -methyl-5H-pyrido( 4,3-b )indole)
and its acetate

Trypan blue

31,255

8,267

u
Ultraviolet radiation
Uracil mustard

40, 379

9,235
Suppl. 4, 256
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Urethane 7, III

V

Vinblastine sulphate 26,349 (corr. 34, 197)
Suppl. 4, 257
26, 365
Suppl. 4, 259
19, 34 1

39, 113

19, 367
39, 133

7,291
19, 377
Suppl. 4, 260
7,311
19,412
11, 277
39, 181

39, 147

19, 439
Suppl. 4, 262 (corr. 31,293)
39, 195

19, 448

Vincristine sulphate

Vinyl acetate

Vinyl bromide

Vinyl chloride

Vinyl chloride-vinyl acetate copolymers

4- Vinylcyclohexene

Vinyl fluoride

Vinylidene chloride

Vinylidene chloride-vinyl chloride copolymers

Vinylidene fluoride
N- Vinyl-2-pyrrolidine

39, 227
19,461

X

2,4-Xylidine and its hydrochloride
2,5-Xylidine and Its hydrochloride
2,6-Xylidine (1977)*

16,367
16,377

y
Yellow AB
Yellow OB

8,279
8,287

Z

Zearalenone
Zectran
Zineb
Ziram

31, 279
12,237
12,245
12,259
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