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About the Committees

Thisisthe second joint annual report d the Committeeon Toxicity o Chemicals
in Food, Consumer Products and the Environment (COT), the Committee on
Mutagenicity o Chemicalsin Food, Consumer Products and the Environment
(COM) and the Committee on Carcinogenicity d Chemicalsin Food, Consumer
Productsand the Environment (COC). Theaimd thesereportsisto providethe
toxicologica background to the Committees decisions for the concerned
professional . Thoseseeking further informationon aparticul ar subject can obtain
relevant referencesfromthe rel evant committee's administrative secretary.

Membersd theCOT, COM and COC areappointed by the Chief Medical Officer
(CMO).TheCommitteesadvisetheCMOand, throughtheCM O, theGovernment.

Committeemembersareappointed asindependent scientificand medical experts
on thebasis d their special skills and knowledge. They are appointed for fixed
time periods, generally threeyears, and areeligiblefor reappointment at theend
d their terms. Thetermsd referenceareat Annex 1.

For the first time, this report publishes the commercial interestsd committee
members. Members are required to declare any commercial interests on
appointment and, again, during meetingsif atopic arisesin which they havean
interest. If the Chairman so deems, members whose outside interest may be
considered to be too close to the topic under discussion can be excluded from
discussionand from decision making.

The usual way in which committee reviewsare conducted is that the relevant
secretariat criticaly assessesal the relevant data and prepares papers for the
Committee. These normally consist o appendicesgiving detailed summaries o
thestudiesreviewed - methodol ogyand results—and acovering paper in which
theavailable dataare briefly summarised, the most important points highlighted
and recommendations presented for discussion by the Committee. Although
origina study reports are not routinely circulated to members, they are made
available on request, and are circulated if the study is particularly complex.
Definitivesummariesare necessary because documentation on any one chemical
can amount to many hundredsdf pages.

The Committeesoffer adviceindependent o each other in their area of expertise
but will, if need be, work closdly together. Thisis helped by the close working



relationship o the secretariats. If, for example, during a review o a particular
chemical by the COT, it becomes clear that there is need for expert advice on
mutagenicity or carcinogenicity aspects, it will be referred to COM or COC as
appropriate. These threecommitteesal so provideexpert adviceto other advisory
committees, suchasthe Advisory Committeeon Novel Foodsand Processesand
the Food Advisory Committee. Thereareal so linkswith the Veterinary Products
Committee, the Advisory Committee on Pesticidesand the Steering Group on
Chemical Aspectsd Food Surveillance.

Themain task o the COT sinceitsinception hasbeen to advise Ministerson the
safety-in-used food additives. Until recently theCOT hasclassifiedfood additives
under review into oneof thefollowinggroups:

Group A:  Substancesthat theavail abl eevidencesuggestsareacceptablefor use
infood.

Group B  Substances that on the available evidence may be regarded as
provisionally acceptable for use in food, but about which further
informationmust be madeavailabl ewithina specified timefor review.

Group C.  Substancesfor whichtheavailableevidencesuggestspossi bl etoxicity
and which ought not to be permitted for usein food, until adequate
evidenced safety has been provided to establishtheir acceptability.

Group D: Substancesfor which the availableinformation indicates definite or
probable toxicity and which ought not to be permitted in food.

Group E  Substancesfor whichinadequateor no toxicologica dataareavailable
and on which it is not possible to express an opinion as to their
acceptability for usein food.

Since1990theCommittee hasgivenitsadviceinnumerical rather thandescriptive
form, alocating Acceptable Daily Intakes (ADIs) where possible for food
additives. Detailsd this change, which brought it into line with the way most
other national and international bodies express their advice on food additives,
have been given dsewhere*. The ADI is defined as ""An estimateof the amount
o afood additive, expressed on a body weight basis, that can be ingested daily
over alifetime without appreciable health risk'. ADIs are usually quoted as a
specified intakein milligramsper kilogram bodyweight (mg/kg bw). The ADI
canbeeither unqualifiedor temporary,and in many waysthesetwoclassifications
aresimilar in philosophy to the Group A and Group B classificationsused in the
past by theCOT. For thoseadditiveswhichwould previousy havebeenclassified
into GroupsC, Dor E, it would not be possibleto set an ADI.

The annual report d the COT for 1992 makes referenceto both'the old and new
waysin whichtheCOT hasgivenitsadviceon thesafety-in-used food additives.

* Rubery ED, Barlow 9V and Steadman JH (1990).Criteria for setting quantitative estimates of
acceptableintakes of chemicalsin food in the UK. Food Additivesand ContaminantsVolume 7, no.
3, pp 287-302.
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Preface

As the newly appointed Chairman o the Committee on Toxicity of
Chemicals in Food, Consumer Products and the Environment, | found
Professor Paul Turner's legacy to be a knowledgeable, industrious
committee, well versed in the assessment d the risk to man posed by
exposureto chemicals. The committee's work isvery dependent upon the
quality and mode d presentation d toxicological information and as a
"new boy" | have found both the administration and informationto be o
the highest quality.

TheCOT isasourced adviceto Government Departmentson the toxicity
d chemical contaminantsinfood and the safety d food additives. During
the year the committee examined topics which present a wide range o

toxicological problemsand anumber o aspectsd safety-in-use. Thereis
theimportant roled reviewingthesafety o food additives already in use
together with the consideration o new compounds. This report contains
examplesd both.

The committee uses data derived from well-established toxicological
methodology. Over the past twelve months we have had the opportunity
to consider the methodology relating to the allocation d an Acceptable
Dally Intake (ADI)and havefaced the challenge presented by the need to
review certain herbal substances for which the quantity and quality o

toxicological data is less than that usually availablefor new chemicals.
Theseissues havefully tested the committee membersand demonstrated

thevalued havingawideranged expertisewithin the membership.

FRANK WOODS

Committeeon Toxicity of Chemicalsin Food, Consumer Products and the Environment 11



Aspartame

1.1 In 1992 the COT completed areview of the artificial sweetener aspartame.
TheCOT’s advicewasissued in July 1992 in theform o the following statement
(paragraphsi toxiii). A listd references used in the review can beobtainedfrom
the committee's secretariat.

I ntroduction

(1) We last fully reviewed aspartame as part o the Food Additives and
ContaminantsCommittee'sreview d sweetenersinfood in 1982, whenwe
classified it asacceptablefor usein food. Weal so recommended that, after
alowing for new food manufacturingpracticesto devel op and the market
to stabilise following the implementationd new regulations and within
fiveyearsd implementation, informationshould becollectedso that intake
levelsin thegeneral populationand in specia groups could be measured.

(i)  Since1982wehavereviewed issuesrelevant to the safety d aspartame as
they havearisen in the scientific literature. None o these reviews caused
us to alter our advice that aspartame was safe-in-use. In 1989 the Food
AdvisoryCommitteeconsi dered theresultsdf surveyscarriedout by MAFF
on theintakesd sweetenersby the general and diabetic populationsand
asked usfor adviceon the potential risk to healthd the levelsdf intaked
aspartame reported. In view d the large amount o data on aspartame
which hasbeen publishedin thescientificliteraturesince 1982, we took the
opportunity toconductafull review d thissweetener. Inkeepingwith our
current policy, we have decided to formulate our advice in termsd an
acceptable daily intake (ADI) for aspartame. We have aso taken the
opportunity to review thesafety o thedegradation product o aspartame,
adiketopiperazinederivative (DKP).

Animal studies reported since 2982

(iii)  Wehavereviewed theavailable animal studies on aspartame which have
been publishedinthescientificliteraturesinceour last reviewin 1982. These
studies have mainly investigated the potential effects of high doses o
aspartameon brain neurotransmittersand on behaviour. Weconcludethat
adverse neurochemical or neurobehavioural effectshave only beenseenin
animal studies using exposures to aspartame which far exceed extreme
intakefiguresfor the UK. Atcurrentintakelevel snoneurotoxiceffectshave
been observed or would beexpected. Overall, theresultsof animal studies
conducted sinceour previous review give no causefor concern.

Hunman data

(iv) Metabolismstudiesonaspartameinfour speciesdf animalsand inhumans
indi catethat aspartamei smetabolisedtoitscomponent moi etiesmethanoal ,
aspartic acid and phenylalanine, with metabolism taking placelargely in
the gastrointestinal tract. Theaminoacidsaspartic acid and phenylalanine
are normal components o dietary protein and methanol is a low leve
constituent o common foods. Theamount d methanol contributed to the
diet by aspartameisvery low comparedwith that from other foods, egone
pint of orangejuicewould providemore methanol to athreeyear old child
than a 40 milligram per kilogram bodyweight (mg/kg bw) bolus dose of
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aspartame. Unchanged aspartameisnot likely to be present in thesystemic
circulationevenat highlevelsd human dietary intake. We havereviewed
the results d the extensive tolerance and pharmacokinetic studies on
aspartame in humans. The available data indicate no adverse effectsin
varioushuman subpopul ationsfollowing exposure to aspartameat doses
up to 75 mg/kg bw /day for 24 weeks or up to 135 mg/kg bw/day for a
shorter period. Pharmacokinetic studies have established that both large
acute bolusdosesand repeated dosesd aspartameresultin plaisma levels
of itscomponentswhich are considered safe.

(v) We are aware d anecdotal reports linking aspartame with a variety of
adverse effectssuch as headache, seizures, and behavioural difficultiesin
children.IntheUS reportson adversereacti onsassoci ated with aspartame
ingestionare collected by the USFood and Drug Administrationviaatoll-
free telephone number and reported quarterly. These quarterly reportsare
made available to the Department o Health. Occasiona consumer
complaintsd adversereactionsin the UK received by Nutrasweet area so
made availableto the Department. We have reviewed thesereports. Mogt
d the frequently reported symptoms were mild and are common
background symptoms in the general population. The most common
adverse symptom reported was headache, which accounted for
approximately 20% o all complaints in the US Two studies have
investigatedtherel ati onshi pbetween aspartameand headache. Both were
doubleblind, crossover studies. The resultsdiffered markedly from each
other. Inonestudy 40 subjects, who had previously complained about the
effectsd aspartame containing products, were hospitalised and entered
intoasix day study programme. Theconclusionsfrom thisstudy werethat
theincidenced headachefrom aspartame and placebowas equivalent.In
the second study migraine sufferers, who considered that they were
adversely affected by aspartame, were recruited by newspaper adverts.
Only 11 d 25 subjects recruited finished the study. Because d the high
drop-out rate, the conclusions of this study are necessarily tentative.
However, it was considered that the ingestion of aspartame by migraine
sufferers may causea significant increasein the frequency d migrainein
somesubjects. Morestudies are needed to confirm theimpressiongained
from this latter study that aspartame, in common with some other food
substances, may need to beavoided by asub-group o migrainesufferers.
Claims that aspartame causes other adverse effects, such as behavioural
effects or seizures, have not been substantiated in controlled studies in
humans. Infact, asindicated in a recent report, researcherstrying to carry
out such studies can encounter difficulties in recruiting sufficient
individuals with a history of adverse reactions to aspartame to make the
studiesviable.

Phenylketonuria

(vi)  Sufferersof the inherited metabolic disease, phenylketonuria (PKU),are
unableto metabolisephenyl al aninesffectively, | eadingtotheaccumul ation
d potentially toxic levels. The diseaseis due to a genetic defect in which
an autosomal recessive gene is inherited from both parents. The fetus o
motherswith PKU and the young child with PKU are particularly at risk
since the excessively high phenylalaninelevels at this time can result in

Committee on Toxicity of Chemicalsin Food, Consumer Products and the Environment 13



delayed devel opment and mental retardation. These patientsare treated
by placing them on a phenylaaninerestricted diet. Thereisevidencethat
dietary control intoadult lifeisindicatedfor some patientswith PKU. PKU
sufferersare thereforeadvised to avoid consumption of aspartame, asthis
is a source o phenylalanine. We recommend that al food products
containing aspartame are clearly labelled to indicate the presence of
phenylal aninefrom thissource, so that thosesufferingfrom PKU canavoid
consuming these products. This would be in addition to the statutory
ingredient label already required for aspartame.

(vii) Peoplewhoinherit oned the genesfor PKU (termed PKU heterozygotes)
haveasomewhat reduced ability to metabolisedietary phenylalanine.The
tolerance and pharmacokinetic studies cited in paragraph iv include
studies in these individuals and the results indicate that, like normal
individuals, they arenot at risk of adverseeffectsfromaspartameat intakes
up to the acceptabledaily intake (ADI, see below).

Fetal toxicity dueto phenylalanine

(viii) Since maternal hyperphenylalaninaemia is associated with mental
retardation in the fetus, high maternal plasmalevelsd phenylalanineare
hazardous to the fetus. In the US the National Collaboration Study for
Maternal Phenylketonuriahasrecommendedthat duringpregnancy blood
phenylalaninelevelsshould not exceed 380 pmol/1. Recently, it has been
shown that the birthweightsand head circumferencesd infantsborn to a
group d PKU womenwereinverselyrelated to the maternal phenylalanine
concentrations around the time o conception. However, at plasma
phenylalanine concentrations below 300-400 umol/l, these parameters
were withinthenormal range. Thusalthough these data could betakento
suggest that thereisno threshol dfor subtleadverseeffectsin thefetusfrom
high maternal phenylalanineconcentrations, we consider theremust bean
effective threshold, particularly since hypophenylalaninaemia is also
harmful to thefetus. Studiesin PKU heterozygotesindicatethat after high
bolus doses o aspartame (10-20 mg/kg bw) or even following repeated
dosesd 10 mg/kg bw/day aspartame given every hour for eight hours,
plasma phenylal anineconcentrations do not exceed 200 pmol/1. Thus we
are satisfied that fetotoxiceffectsdue to phenylalanine would not result
from ingestion o aspartame by normal individuas or by PKU
heterozygotesat the ADI (seeparagraph xi).

Validity of early studies on aspartame

(ix) Aspartamewasfirst submitted for approval inthe UK by G D Searleand Co
in1974.1n 1974, atask forceof the USFood and Drug Administration(FDA),
investigating Searlelaboratory practices, questioned the quality o thedatain
certainaspartamestudies. During1977 and 1978, FDA inspectorsinvestigated
three of these studies in detail and afurther 10 studies were investigated
by an independent US organisation, the Universities Associated for
Research and Education in Pathology (UAREP). These investigations
concluded that although there werediscrepanciesin the conduct d some
o these studies, they did not invalidate the studies or their conclusions.
Aspartame was subsequently permitted for usein the US. A subsequent
investigationd the FDA's approval processfollowedfor aspartameby the
USGeneral Accounting Officeconcluded that the processwassatisfactory.

14 Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment



(x) Sincel982 questionshavebeen asked on anumber of occasionsabout the
decision to accept the early anima studies on aspartame and while our
review wasin progresswe received asubmissionon this. It isagreed that
by current standards there were flawsin the conduct d some d theearly
animal toxicity studieson aspartame. However, we accept the conclusions
d the detailed FDA and UAREP investigations, ie that the flaws do not
invalidate the conclusionsd the studies and that they can be accepted as
partd thesafety evaluationd aspartame. It should be noted that informing
our view on the safety-in-used aspartame, wetook into account not only
the standard animal toxicity studies but also the known metabolic profile
in humans (paragraph iv) and the many human studies on aspartame.

Acceptable Daily Intake

(xi) With one exception, the available standard animal toxicity studies on
aspartameindicate a no observable adverseeffect level of 4 g/kg bw/day.
Applicationd theusual safetyfactor of 100wouldleadtoan ADIof40mg/kg
bw/day aspartame. In the rabbit, which was used as a second speciesin
teratol ogy studies, administrationd 4 g/kg bw/day could not be achieved
but theavailablemetabolismand toxicol ogica dataon aspartameissufficient
for thisnot tobed concem. Tolerancestudiesin humansin which40mg/kg
bw aspartamehashbeen administeredasabol usdoseshow that theresultant
blood concentrationsd aspartame components do not give any cause for
concem. Therefore, taking the animal and human data together, we
recommend an ADI, g4, of 0-40 mg/kg bw/day for aspartame.

Diketopiperazine

(xii) Onstorageand particul arly inagueoussol ution,aspartamebreaksdowntoa
diketopi perazinaderivative(DK P, asparty| phenylal ani nediketopi perazine)
by hydrolysisand cyclisation. A variety d cyclicdipeptidederivativescan
befoundin many protein-rich foodsand many o thesedipeptidescontain
phenylalanine. In pharmacokinetic studies in humans, DKP has been
detected i n some subjectsduring the placebo phase, indicating that it isa
naturally occurringdietary and/or endogenous substance.

(xifi} Substantial animal toxicity data presented on DKPat thetimed last review
give no cause for concern. Metabolic studies in humans, both normal
subjectsand PKU heterozygotes,indi catethat DKP ispoorly absorbedafter
oral administration and that which isabsorbed is excreted unchanged in
the urine. Since DKP performs no technological function in food and is
essentially equivalentto a contaminant, weconsider it appropriateto set a
tolerable daily intake (TDI) rather than an ADI for this substance. We
recommendaTDI, g, d 0-7.5mg/kg bw/day for DKP.

General Principlesfor Setting Acceptable Daily Intakes

1.2 Asexplainedon page8, theCOT hasbeen all ocatingacceptabledaily intakes
(ADIs) for additives reviewed since1990. ADIsare set by selecting the maximum
amount d anadditivewhichcausesnoill effectsinanimal studies(thenoobserved
adverse effectlevel) and then dividing by asafety factor to derive an acceptable
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daily intake for man. An arbitrary safety factor of 100 is usually used. Thisis
derived fromasafety marginof 10 toallow for uncertaintiesin extrapol atingfrom
animal sto man (inter-speciesvariation) and another safety margin o 10 to allow
for variationsin the human population (inter-human variation). In some cases,
thereisinformationavailable on thelikdly variations between animalsand man
or among humans. In common with variousinternati onal scientificorgani sations,
theCommittee hasbeen consideringwaysi nwhichthisinformationcoul d beused
to estimatesaf ety factorsmore accurately and, at the September meeting, it heard
apresentationon thissubjectfromDr Renwick o theUniversityd Southampton.
On occasions, for logica reasons, the Committee has already used safety factors
other than 100. For example, the Committee considered that a saf ety factor of 20
wasappropriate for the preservativesul phur dioxidesincethecritical toxic effect
(stomach irritation) was a localised effect and the only potential differences
betweenrat and man would bein thesensitivity o thestomach (see1991 Annual

Report). In setting an ADI for the intense sweetener cyclamate in 1990, the
percentage of cyclamate converted to the toxic metabolite cyclohexylamine in

humans was taken into account. The ADIfor the antioxidant butylated

hydroxyanisole (BHA) (see below) provides an examplewhere the appropriate
safety factors were considered in particular detail. The Committee intends to

continue, wherever possible, to sel ect safety factorson a more scientific basis.

Butylated Hydroxyanisole(BHA) - Review of Further
Studiesand Setting of an ADI

13 Theused BHA asafood additivewaslast reviewed by theCOT in 1987 and
1988. At that time, BHA wasconfirmed as provisionally acceptablefor useinfood
(Group B) and the COT requested a 2-3week study in ratsinvolving sequential
observations which would focus on the time course and nature d any early
changesin the oesophagusand forestomach. Studies performed in response to
thisrequest were considered by the COT in March 1992. The COT also reviewed
therelevant literature published from 1987-1991 and set an ADI for BHA.

1.4 TheCOT confirmed the1987 conclusionthat BHA wasarodent forestomach
carcinogen. BHA was not considered to beacarcinogenat any other site. Although
two recent poorly-conducted studies had shown that BHA caused adenomatous
hyperplasiaand adenomas in thelung of the Japanesehouse musk shrew and liver
cdl carcinomasin thefish Rivulusocdlatus marmoratus, the Committeeconsidered
thesefindingsto be outweighed by the lack of any effect in these tissuesin better
conducted, long-termstudi esin morecommon|aboratory species. The 1988COM
conclusionthat BHA may beregarded asnon-genotoxicat theconcentrationslikely
to result from its use as an antioxidant in food also remained unchanged. Two
separate studies which failed to find any DNA adducts in the BHA-treated rat
forestomach provided further reassurancethat BHA was non-genotoxic.

1.5 Thenew twoweek studieswhichwerecarriedout in responseto therequest
by the COT provided information on very early BHA induced effectsin the rat
forestomach at a range o doses (0.05-2.0% BHA in the diet). However, the
mechanism d action o BHA remains unknown. The Committee noted that the
development of hyperplasiaand inflammatory changes appeared to be related
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but concluded that there was insufficient information to judge whether the
inflammatory response caused the hyperplasia. Similarly, the Committee
considered that it wasnot clear at thisstagewhether tert-butyl quinong TBQ was
theBHA metaboliteresponsiblefor thef orestomachdamageas had been proposed
intheliterature. Thereappeared, however, to beadequate protective mechanisms
present in theforestomach to prevent the accumulationdf TBQat lower dosesof

BHA.

16 The new studies provide the first evidence that BHA can cause minimal to
dight hyperkeratosisin the rat oesophagus. However, therewas no hyperplasia
nor changein thelabelingindex at any dose. Another study found anincreasein
labelling index in oesophageal cellsfrom BHA treated rats compared with pair-
fed controls(ratsgiven the samelow level d food astaken by BHA treated rats).
The Committee was not convinced that thisincrease was d concern since the
labelling index in the pair-fed controls was unphysiologically low and dramatic
short-term changesinlabe lingindex can becaused by limited mechanica effects.

1.7 Itwasnot possibletostatecategorically whether the minimal hyperkeratosis
in the oesophagusfound in the new studieswas a transient protective effector a
responsewhich could develop further if feeding was continued for longer than
two weeks. The Committee was, however, reassured by the fact that the
oesophageal effect in ratswasless severethan in theforestomach (probably due
to reduced time o contact). In addition, detailed electron microscopy o the
oesophagusin thedog givenhighdosesd BHA did not reveal any adverseeffects
and nooesophageal tumourshad beenfoundinearlierlong-termstudiesinvarious
Species.

Selection of no observed adver se effect |evel

1.8 Man does not have a forestomach. The Committee therefore considered
selecting a no observed effect level (NOAEL) on the basis d effects on the
oesophaus. However, it decided that the new studieswere o too short aduration
to useasthebasisfor an ADI and that other longer term studieswhich entailed an
examinationd the oesophaguswere not as detailed or had not been specifically
designedto select a NOAEL. On balance, the Committeeconsidered that thewell-
established NOAEL fromlong-term studiesd effectsd BHA on theforestomach
epithelium should be used. The Committee considered that the oesophageal
squamous epithelium and the forestomach squamous epithelium were likdly to
react similarly to the same level and duration d tissue exposureto BHA. The
Committee was aware that the duration of exposure would be much shorter in
the human oesophagus than in the rat forestomachbut took thisinto account in
sdlectingan appropriate saf ety factor. |n summary, the Committeerecommended
that:

(1) theeffect used to determinethe NOAEL should beforestomachhyperplasia
and

(i) the NOAEL should be50 mg/kg bodyweight/day takenfrom a two year
study inrats.

19 TheCommitteenoted that peak blood concentrationsd BHA in man were
higher than in therat in relationto the BHA dose. In addition, BHA metabolites
increasedin the urinewithtimein manwhichcould indicateaccumul ationd BHA
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(therewas no other evidence for accumulation). The Committee concluded that
thisdifferencein blood concentrati onsbetween ratsand man wasnot of concern
since the action of BHA on the forestomach was the direct effect o BHA in the
ingested food and theeffectscaused by theBHA in the bloodstream werefew and
minor. Therefore, the differencesin blood concentrationsdid not need to be taken
into account when setting the ADI.

Selection of safety factors

110 The Committee did not consider that an additional safety factor was
required for theseverity o theeffect. The dose causing forestomachtumourswas
10 fold higher than the NOAEL based on forestomachhyperplasia.

1.11 The Committee considered in detail the likely retention time of food
containing BHA in the rat forestomach compared with transit times of food
through the mouth, pharynx and oesophagus in humans. Although it was not
possibleto definethe variationsin kinetics precisaly, it was clear that the transit
timeover thesgquamousepitheliuminhumanswasonly about aminute compared
with astorage timed several hoursin the rat. Thus, man would be expected to
have amuch briefer exposureto the sameconcentrationd BHA in thefood. This
differencewas likely to be much greater than any variations between man and
the rat in tissue reactivity. In addition, unlike the rat, the human oesophagus
secretes mucus which provides extra protection. The Committee therefore
considered that an inter-speciessafety factor to allow for the possibility that man
was more sensitive than the rat was unnecessary.

1.12 The Committee also considered the possible inter-human variations in
oesophageal transit timeand in chewing behaviour (egchewing gum). Therewas
noinformationonhuman variationinthe sensitivityd the squamousepithelium
to BHA. Overall, the Committee considered that the usual inter-human safety
factor o 10 would be appropriate.

Recommendation

1.13 TheCommitteeset a full ADI 4, for BHA of 0-5mg/kg bodyweight/day
based on a NOAEL o 50 mg/kg bodyweight/day, an inter-speciessafety factor
d one and an inter-human safety factor d 10. The Committee noted that, in
addition to these safety factors, thereareextrasafety marginsdueto thefactsthat
(i) forestomach tumoursin ratsonly occur at BHA concentrations10 fold greater
than the NOAEL and (ii) man islikely to beless susceptibleto BHA than therat
becausefood takes only a minute to pass over the squamous epithelium in man
but isstored in contact with the squamous epithelium for several hoursin rats.

Novel Fat for Usein Confectionery

1.14 TheAdvisory Committeeon Novel Foodsand Processes (ACNFP)sought
theadviced the COT on particular aspectsd the toxicologica data submitted in
support of the usedf anovel fat in confectionery. The COT considered thedata at
its meetingsinJulyand November and wasableto reach conclusions, which have
been forwarded to the ACNFP. That Committeewill beincluding thisadvicein
itsoverall evaluation o this product, whichis not yet complete.
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Comfrey

115 In1991an ad hoc Department o Health/Ministry of Agriculture, Fisheries
and Food working group published a report on dietary supplements and health
foods. This report identified a number of herbal ingredients which used to be
added to medicines but which have now been withdrawn by the Medicines
Control Agency on safety grounds. Theworking group wasconcerned that some
d thesesubstancescould il be sold asfoods. Consequently,the COT wasasked
to review thesafety-in-used anumber of herbal substancesand toadviseontheir
continued availability.

116 Much o the COT’s work in the past has been to review food additives.
Normally, an extensive, standard toxicologica data set is available for each
additive. However, such data are rarely available for most herbal substances.
Although the Committee considers that it would be desirable to have more
information on these substances before formulating its advice, it has
acknowledged that it is impractical simply to request further studies asit is not
possible to identify a specific company to finance and carry out the studies.
Therefore, the Committee has formul ated its advice as best it can on the basis of
theavailablebut, in most cases, limited data.

1.17 Thefirst herba substanceto be considered by the COT wascomfrey. This
plant hasalong history o usein herbal medicineand isoften consumed in the
form o ateaq, asan alternativeto traditional beverages such as tea and coffee, or
as avegetable. The concern about the consumption d comfrey products centres
on substancesin comfrey known as pyrrolizidinealkaloids. TheCOT’s adviceon
comfrey wasgiven in theform of thefollowing statement:

[ ntroduction

(i) Followingthe publicationd the Report of the Working Group on Dietary
Supplementsand Health Foods in 1991 (1), we were asked to review the
safety-in-use o certain herbal substances. The Working Group was
concerned that the Medicines Control Agency (MCA) had withdrawn
product licences from preparations containing certain herbs. However,
preparations containing these herbscan still be sold as foodsif no direct
medicinal clams are made on the packaging. The Working Group
recommended that " urgent steps be taken to review the safety and use o
these herbal substances’, a recommendation that was subsequently
endorsed by both Ministry of Agriculture, Fisheriesand Food (MAFF)and
Department  Hedth (DH) Ministers. Comfrey is the first o these
substancesto be reviewed.

Pyrrolizidine Alkaloids

(ii)  Theavailabledata indicatethat thetoxic effectsd comfrey are due to its
pyrrolizidinealka oid (PA)constituents. Thesealkal oidsbelongtoafamily
d over 180 compoundsand occur in morethan eight plant families. Their
toxicity toanimals, in particular livestock,iswell known (2). Thealkal oids
themselves are not toxic but are metabolised in the liver to pyrrolic
derivativeswhicharereactivealkylatingagents. Thetarget organfor these
metabolitesis theliver, but the lungs may also be damaged.
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Toxicity data

(iii)  Some PAs such as retrorsine, monocrotaline and lasiocarpine have been
studied in detail. Liver damage due to these alkal oids has been recorded
inseveral animal speci es, althoughsomespeci esappear tobemoreresi stant
than others (3). The liver lesions have been characterised, particularly in
|aboratory animals. In rats, high doses of these alkal oids cause confluent
haemorrhagic necrosisin the liver which is often followed by changesin
the central and sub-lobular veinsd the liver lobules, such as subintimal
oedema, necrosis, fibrin deposits, thrombosis and occluson of the lumen
(4, 5). Chronicliver damage observed in rats and other laboratory species
includes parenchymal damage with prominent megalocytosis, ductular
proliferation, fibrosis, nodular hyperplasia and thickening d the central
veins. In some animals this may progress to cirrhosis and hepatocellular
carcinomaf4, 5, 6).

(iv)  Many PAs, includingthoselisted above, have produced positiveresultsin
vitro mutagenicity testsand thereforehave the potential to damagegenetic
material. Carcinogenicity studies on lasiocarpine, monocrotaline and
retrorsinereportanincreasedincidenceof liver tumours, asdo studieswith
the leaves and flowersof PA-contai ning plants such as coltsfoot (Tusslago

farfara) and thread-leaf groundsel (Senedio longilobus) (3). Heliotrine has
been demonstrated to be teratogenicin therat (7).

Human data

(v)  Thereismuchevidenced PA toxicity in humans. Severa casesd human
veno-occlusive disease associated with the consumption o plants
containing these alkal oi dshave been recorded, particularly in third world
countries where consumption d grain contaminated with seeds o the
Sedio, Cratolaiaand Heliotropium generahave caused large outbreaks of
thedisease, eg South Africal920, Soviet Union 1930’s & 40’s, Indial973 &
1975, Afghanistan1974(8,9,10,11,12). InJamai ca,many casesd thedisease
have been diagnosed in peoplewho regularly consumed bush teas made
from plantsfrom the Crotdlaria genus (13).

(i) In humans, acute veno-occlusive disease is similar to Budd-Chiari
syndrome, ie thrombosis d hepatic veins leading to liver enlargement,
portal hypertensionand ascites. It can causerapid death or it may progress
toasub-acuteformd the disease. Often patientswith the acuteor thesub-
acute disease appear to make a full recovery then after alatent period o
severa yearsdevelop thechronicformd thedisease. I ndividual singesting
small amounts d PAs over along period o time may also develop the
chronicformd thedisease, which proceedsfromfibrosisto cirrhosisd the
liver (3).Nodataareavailableontheincidenced liver cancerinindividuals
who have consumed largeamountsd thesealkaloids.

Comfrey

(vii) Severa PAs havebeenidentifiedin thespeciesd comfrey most commonly
consumed and used in herbal preparationsin the UK, namely common
comfrey (Symphytum officinale) and Russian comfrey (Symphytum x
uplandicum Nym). Thirteen alkal oids have been reported to be present in
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common comfrey, including the highly toxic alkaloid lasiocarpine. Nine
akaloidshavebeenidentifiedin Russiancomfrey. Many of thesealkaloids
areinfact isomersand thereliabilityd somed these"identifications” has
been questioned (14).From the MAFF datal it would appear that only a
small proportion o the alkal oidsreported to be present in comfrey were
in fact detected in the comfrey preparations examined, ie lycopsamine,
acetyl lycopsamine, symphytine and their isomers intermidine, acetyl
intermidine and symlandine. Echimidine and itsisomerswere present in
only somed the preparations. Lasiocarpinewas not detectedin any o the
cornfrey preparationstested. Thelevelsd akal oidspresentincomfrey may
vary depending on the age or part o the plant and the season o growth.
In general, comfrey root tendsto have a higher alkaloid content than the
leef (2).

Toxicity data

(viii) Thetoxicity d the alkaloidsfound in theabove speciesof comfrey has not
been studied in any detail. The rat intra-peritoneal (ip) LD50 values
reported for symphytine and echimidine are smilar to those o
monocrotalineand heliotrine(2).However, therearelittle acuteor chronic
toxicity data available on any d the comfrey alkaloids. A carcinogenicity
study on symphytinein ratshasbeen reported. Liver tumoursoccurredin
four outd 20ratswhichreceived symphytineipl3mg/kg bw twiceweekly
for four weeks, then onceaweek for 52 weeks. Threehaemangioendothelial
sarcomasand aliver cdl adenoma wereidentified. Noliver tumours were
reported in 20 control rats who received ip injectionsaf sodium chloride
(0.1ml1/100 mg bw). However, thisstudy was not performed to current
standardsdf testingand only 30% of thetest animal ssurvived until autopsy
at day 650 (15).

(ix) Symphytine has been shown to be positivein an Ames test with TA 100
andintheinductiond the8-azaguanine resistant mutation in V79 chinese
hamster cdlls (16). Echimidineand echinatine, an alkal oid a so reported to
be present in comfrey, have been shown to be positive in in vitro
mutagenicity tests, though again the tests were performed to different
standardsfrom those accepted today (3).

(x)  Comfrey root and lesf have been tested for carcinogenicity. In a study by
Hironoet al, both comfrey root and leef werefed at different levelsinthe
diet of groups o 19-30 ACI rats (leaf 8%, 16% & 33%, root up to 4%). A
control group of 129 rats received only basal diet. Liver tumours
(hepatocellular adenomas) were induced in al comfrey-treated groups.
The incidence o liver tumours was higher in the groups fed a diet
containing comfrey root than in those fed comfrey leaf.
Haemangioendothelial sarcomas in the liver were reported in three
experimental groups: in 1/21 rats receiving comfrey lesf at the 16% level
inthediet, in 4/24 rats receiving 1% root for 275 days, then basal diet'and
0.5%root alternately at three-week intervals, and in 9/30 rats receiving
0.5% root throughout the experimental period. The incidence d

1. Details of these data, which show the levels d pyrrolizidine akaloids in various comfrey
preparations, can beobtained from: MAFF, Food Safety Directorate, Chemical Safety of Food Division,
Room 429D, Ergon House, c/o Nobel House, 17 Smith Square, London SW1P 3R.
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haemangioendothelial sarcomasin theliver in thislatter group o animals
is particularly striking: tumours were reported in 9/13 animals which
survived beyond 590 days. The data suggest that long-term exposure to
low levelsd comfrey root may induce malignant tumoursin the liver of
rats. No liver tumourswere recorded in the control group (16).

Human case reports

(xi)  Four case reports d human veno-occlusive disease associated with the
consumption of comfrey or comfrey-containing products are reported in
theliterature. Twod thecasesoccurredin the United States, oneinthe UK,
the other in New Zealand. In the American cases veno-occlusivedisease
wasdiagnosed i n two middle-aged womenwho had been consumingboth
comfrey teas and tablets (17, 18). In the UK case a 13 year old boy with
Crohn's diseasehad been treated with comfrey root and comfrey tea (19).
In thefinal casea 23 year old man died from veno-occlusive disease and
subsequent liver failure following the consumption d steamed comfrey
leaves(4-5leaves/day) for 1-2 weeks (20).

Conclusions

(xii)  Our concern over comfrey is focused on its PA content. Several o these
alkaloidsare known to be highly toxic in animal sand the consumptiond
certain plants containing these akaloids causes liver damage in both
animal sand humans. Althoughthequality and thequantity d toxicity data
available on comfreyand its constituent alkal oidsis limited, we consider
that thedataaresufficienttowarrant actionintheinterestsaf publicsafety.
We are particularly concerned by the resultsd the carcinogenicity study
oncomfrey,discussedin paragraph x,and consider that althoughthisstudy
was not performed to the current standards, itsresultscannot beignored.
Limited testing o the alkaloid, symphytine, suggeststhat it is potentially
mutagenic and that it may induceliver tumoursin therat. Such resultsare
not surprising given the toxicity profiled other membersd thisalkaoid
family. We recognise that the four case reportsd human veno-occlusive
diseaseareisolated and anecdotal and we cannot be compl etely certain of
acausal link with comfrey ingestion. Neverthel ess,veno-occlusivedisease
isararecondition and isoften associated with the consumptiond plants
and seeds containing PAs. Thus we consider it probable that comfrey
products wereimplicated in these cases.

(xiii) Although the data available on comfrey and itsalkaloids are limited, we
consider that further toxicologica testing, in the absence d a standard
comfreypreparationwithaclearly defined al kal oi d content, woul d provide
resultsthat would be  limited usein toxicological evaluations. Vagaries
of cultivationand theeffect d other factorsonal kal oi dconcentrationsmake
the production d standard comfrey preparations difficult. Comfrey
preparations have been used for many years but we remain concerned
about the possible short-term effects o extreme comfrey consumption.
Also, the possibilityd long-termeffectsfromcomfrey consumptioncannot
be excluded.

(xiv) Comfrey may be purchased as tablet and capsule preparationsor in the
form d atea or dried plant for infusion. Comfrey tinctures and dried
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comfrey root are aso freely available. We understand that in many
instancescomfrey is cultivated at home and used in home-madeteasand
infusions. The results from the MAFF study indicate that certain
preparations, eg tablets and capsules, have a very high akaoid content
(4-5g/kg), asdoesthedried root (upto8 g/kg), whilst teashaverel atively
low alkaloid content (lessthan 0.1 g/kg), with only asmall proportion, at
most 10%, of the alkaloids being extracted into the tealiquor. Thelevd of
akaloidsincomfrey lesf sampleswasbelow 0.06g/kg and infusionsd the
leaves were found to contain alkaloid levels of less than 0.008 g/kg.
Comfrey tinctureshad an akaloid content d lessthan 0.12 g/kg.

(xv) Inview of theriskdof toxicity associated with theconsumptiond highlevels
d PAswerecommend that concentrated formsd comfrey suchascapsules
and tablets should no longer be available. We aso believe that the
presentationd comfrey,asafood, intheformd tabletsand capsulescould
be misconstrued by consumersas a medicine, resulting in inappropriate
use. In addition, the physical form o tabletsgivesgreater opportunity for
excessivei ntake. Theingestionof comfrey root andinfusionspreparedfrom
theroot may asoresultinavery highakaloidintakeand should therefore
be avoided. Although comfrey leaves contain lower levelsd PAs than the
root, we recommend that ingestiond |eaves should al so be avoided.

(xvi) Comfreyteasand tincturescontain relatively low levelsd PAs and these
preparations may continue to be available to the public. However, this
recommendation should not be construed as an endorsement o these
products and we recommend that the public should be warned d the
potential dangers associated with the consumption d comfrey and
products containing comfrey. This advice also applies to home-grown
comfrey and preparations made fromit.

Recommendations
(xvii) In summary, wetherefore recommend that:

fa) thepublicshould bewarned d the potential dangersassociated with
the consumption of comfrey and products containing comfrey. This
adviceappliesequally to commercia and home-growncomfrey and
preparations madefromit.

(b) concentrated formsd comfrey such astabletsand capsul esshould no
longer beavailable.

(c) thepublic should beadvised against theingestion of comfrey root
and leaves, and o teasand infusions made from comfrey root.

(d) comfrey teas and tinctures may continue to be available to the
public. However, this recommendation should not be construed
asan endorsement of these products.

1.18 The COT’s advice was subsequently endorsed by the Food Advisory
Committee. DH and MAFF Ministers accepted the committees advice and
action was taken to implement it.

Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment 23



Dimethyldicar bonate

1.19 Dimethyldicarbonate(DMDC)isacoldsterilisationagent for usein soft
drinks and low alcohol wines. It is reported to have a broad antimicrobial
rangeof action and breaksdown rapidly whilst preserving thedrink contents.
On contact with water, DMDC decomposes to form carbon dioxide and
methanol. However, in complex mixtures such as fruit juices, a range of
reaction productsisformed, eg dimethyl carbonate, methyl ethyl carbonate,
methyl carbamate and N-carbomethoxy derivatives of amino acids.

120 DMDCwasfirstconsidered by the COT in1987. At thetimethe Committee
reviewed a number o toxicity studies on DMDC-treated beverages and was
reassured that there were no significant adverse toxicological effects. However,
the Committee did raise two points which centred on the levelsdf the reaction
productsfound in DM DC-treatedbeverages,in particular, thelevelsd methanol
andmethyl carbamate. The COT askedtoseedataonthelevel sd methanol formed
in aDMDC-treated beverage and on the natural methanol content of beverages,
such asfruit juices, for comparativepurposes.

121 Methyl carbamateis structuraly related to ethyl carbamate (urethane), a
knownanimal carcinogen. Aspartd itsreviewd DMDCthe Committee considered
the results o a recent study carried out by the National Toxicology Programme
(NTP)intheUSA whichindicatedthat methyl carbamatewascarcinogenicinFischer
34 rats. The COT sought the expert opiniond the Committeeon Mutagenicity of
Chemicalsin Food, Consumer Productsand the Environment(COM )asto whether
methyl carbamate was potentially genotuxic and requested data on the levels o
methyl carbamatefound in DM DC-treated beverages.

1.22 1n1992further data were presented to the COT on theseissues. Thelevels
o methanol found in DMDC-treated beverages were judged not to represent a
toxic hazard. The Committee was similarly reassured that the levelsd methyl

carbamate were very low. The COM advised that methyl carbamate is not
genotoxic. Therefore,it canbeassumed that athreshol dexistsfor any carcinogenic
effect. The COT considered that the safety factor between the intakesd methyl

carbamateresulting from consumptiona® DM DC-treated beveragesand thedose
whichwascarcinogenicin the NTPstudy was sufficiently largefor theretobeno
concernabout the presenced methyl carbamatein DM DC-treated beverages.

1.23 TheCOT advised that, having considered the variousdata, therewere no
safety grounds on which to adviseagainst theused DMDC asacold sterilisation
agent at levels up to 250 mg/1.

Guidelinesfor the Safety Assessment of Microbial
Enzyme Preparationsused in Food

1.24 The COT agreed guidelines for the safety assessment of microbial
enzymesin foodin December 1991. The Committee agreed to undertake awide
consultation to seek the views of enzyme manufacturers, food manufacturers
and processors, trade associations, consumers and research groups prior to
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using the guidelines to assess individual submissions. A wide diversity o

responses were received and a number d amendments to the guidelines were
made. The Committee also agreed that the guidelines should be reviewed at
somesulitableperiod after they havebeenapplied toaspecificgroupd enzymes.

The finalised guidelines are available from the Committee's administrative
secretary and arein the processd being published ina scientific journal.

lodine Toxicity in Adultsand Young Children

1.25 TheCOT previously reviewed iodineconcentrationsin milk in1989. At
that timeinformation was requested on:

(a) thenutritionally required minimal intake; and
(b) thetoxicity o highlevelsd iodine.

126 During1992 the COT considered the new intakedata on iodinewhichhad
been gathered under the auspicesd the Steering Group on Chemica Aspectsdof
Food Surveillance.

127 TheCommitteeon Medicd Aspectsd Food Policy (COMA) adviseson the
recommended dietary intakesd nutrientsin the UK. In1991 the COMA Panel on
Dietary Reference Vaues published its recommendationsfor Dietary Reference
Values for iodine. The Panel advised that 70 ug/day was the Lower Reference
Nutrient Intake (LRNI) for adults since thisintake in adults appeared to be the
minimum necessary to prevent signsd goitre in a population. The Reference
Nutrient Intake (RNI) wasset at 140 pg/day.

128 New andytical data available from MAH- suggested an estimated daily
mean intake d 190 pg/day for adults in the UK. Thisvalueisin excessd the
recommended RNI but the COT considered that it gave little cause for concern
because higher levelsd iodine have been ingested with no toxic effects.

129 The COMA Panel set an LRNI o 40 ug/day for babiesaged 0-12 months.
It setan RNI o 50 ug/day for babiesaged 0-3monthsand of 60 ug/day for those
aged 4-12 months.

130 The COT noted that when mean daily intakesin the UK were estimated
fromaquantitativeseven-day diet record for theagegroup 6-12months, thefigure
obtained was 204 ng/day (23ug/kg bw), ie four times greater than the COMA
recommendedRNI. The Committeeconsidered whether thislevel o intake might
betoxicto the6-12 month agegroup. It noted that in 1962 astudy wasundertaken
to find the minimal effective dose against *'Iodine fallout. Fourteen children
received 1000 pg iodinedaily for four months. No toxic effectswere encountered
and the Committee considered that these data gave some reassurance about
intakesd iodineby 6-12 month old infants.

131 TheCommitteewasreassured by informationfrom MAFFwhichindicated
that i odineconcentrationsin milk appeared not to beincreasing. It recommended
that monitoringd milk should continue.
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Propylene Carbonate

1.32 Propylene carbonate was found to leach into water from a material
submitted for approval to the Department of the Environment Committee on
Chemicalsand Materials of Construction for Usein Public Water Supply and
Swimming Pools (CCM). This Committee advises the Secretary of State for
the Environment on the statutory approval of new chemicalsand materials
for use in contact with potable water. CCM requested appropriate toxicity
data from the applicant and the COT was asked to assess these data and
consider whether additional information should be requested.

1.33 Propylene carbonatewas not carcinogenicto mouse skin followingdermal
application, and wasnot mutagenicinthe Ames assay nor inanin vitroDNA repair
test. However, equivoca results were obtained in a mouse micronucleus test.
Exposure o pregnant femae rats to a high dose o propylene carbonate was
associated with dight increases in some skeletal variations and also maternal
toxicity. Noother reproductivetoxicity studi eswereavail able. TheCommitteenoted
that thel owest observed adverseeffectlevd, after administration(torats) by gavage,
for90 days, wasat least 10° timesgreater than thehighestexposurepredictablefrom
drinkingwater inthefirg few daysfollowinginitial contact with thematerial.

134 The Committee concluded that the dermal carcinogenicity study was
inappropriate for the assessment o oral ingestion of propylene carbonate, but
agreed that, giventhat thepotential exposureswerelow and short term, therewas
sufficient reassurancefrom thetoxicity data supplied to concludethat additional
carcinogenicitytestingwasnot warranted, if adequate mutagenicity studieswere
provided and showed noevidenced genotoxicity.Inthelight of themutagenicity
data available, the Committeeconcluded that in vitro testsfor clastogenicityand
mutagenicityin mammaliancdlswererequired.Committeemembersa soagreed
that an additional teratology study (preferably in the rabbit) and a single
generation reproductivetoxicity study in arodent specieswere required.

1.35 The Committee was also concerned about the stability o propylene
carbonateinwater and commentedthat thetransientformationd propyleneoxide
from propylene carbonate could not be excluded.

Thiamphenicol

1.36 Thiamphenicol is a broad spectrum antibiotic, and is the active
ingredient in some products licensed for veterinary medicinal usein several
EC countries, but not in the UK. The Committee on Veterinary Medicinal
Products (CVMP)iscurrently reviewing al of the veterinary medicinesin use
intheEC. TheCVMP’s Working Group on Safety of Residueshad been unable
to identify a safelevel o exposure for chloramphenicol because it caused
serious blood dyscrasia (includingleukaemia and fatal aplastic anaemia)ina
small number o people with no apparent no observed adverse effect level.
They were concerned that, as the chemical structure of thiamphenicol was
similar to that d chloramphenicol, it might have similar haematological
properties. TheCOT wasasked to advise UK delegates totheWorking Group
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on the potential of thiamphenicol to causeidiopathic blood dyscrasiain man.
TheCOT commented on epidemiol ogi cal evidenceon the possibleassociation
o thiamphenicol exposure with aplastic anaemiaand |eukaemia, saying that
there was no convincing evidence to suggest any causal effect. This advice
alowed the UK delegation to the EC Committee to agree to the setting o a
_ Maximum Residue Limit for residues in food resulting from the use of
thiamphenicol in veterinary medicine.

e o

E Food SurveillancePapers

_ 1.37 The Steering Group on Chemical Aspectsdf Food Surveillanceis a
‘ ; committee which advises government and which keeps under review the
| possibility o chemical contaminationof any part o the national food supply.
[| It has a number d Working Parties which carry out specialist parts of its
B programmeof work. TheseWorking Parties periodically reporton their work
% and the reports, which are published as Food Surveillance Papers, usually
‘ : carry aconsiderationd theresultsd thework by the COT, whichadviseson
J the significanceto public health o the results reported and may recommend
‘ future work.

! : 1.38 During1992the COT considered threeWorkingParty reports:thereport

] ! of the Working Party on Pesticide Resi dues1988-90 (Food Surveillance Paper

\ No 34, HMSO, London, 1992); the third report of the Working Party on

‘ __ Naturally Occurring Toxicants in Food's Sub-group on Mycotoxins (Food
SurveillancePaper No 36, HM SO, London,1993) and areport d theWorking
Party on Inorganic Contaminants in Food: Aluminium in Food (HMSO, in
press). The COT’s adviceisincluded in these Food Surveillance Papersas an
appendix.
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TopicsUnder Review

1.39 The following topics, which were discussed by the COT at meetings
held in1992, are under review:

Agaratine

Ascorbicacid (useasaflour treatment agent)
Azodicarbonamide

Ethylcarbamate

Food products derived from lupins

Gellan gum

Mineral hydrocarbons

Perchloroethylene

Phyto-oestrogens

Plasticisers

Report o the Working Party on Naturally Occurring Toxicantsin
Food

Vitamin A inliver
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Preface

When mutations (inherited aterations) occur in human cells ther
consequencesareoften far-reaching, including genetic diseaseand cancer.
Thefidldd genetictoxicologyisconcernedwiththeidentificationd agents
that can induce mutations (mutagens) and the assessment o their hazard
to humans. One d the roles d the Committee on Mutagenicity is to
recommend approaches that should be used when evaluating the
mutagenic potential d chemicals in the UK; advice is given both on
methodology and on the overall strategy o testing. The Comrnittee also
eval uates experimental data on specific chemical swhen requested by the
Department d Health or other Government Departments. It is now
accepted that many chemical carcinogens act by a mechanisminvolving
mutations and there is a clear interface with the Committee on
Carcinogenicity which isfacilitated by cross-membershipand occasional
joint meetingson important topicsd mutual interest.

Much d the Committee's timeis taken up with consideration d specific
substances which currently present problems for regulatory authorities
within the UK. In addition to this, considerationis given to issues where
guidance is sought by Departments, sometimesin response to pressure
from other countries within the CEC, and sometimes on more genera
issues, for example the difficultiesinvolved in the regulation d natural
toxins.

Anincreasing amount d timeis needed for interactionwith international
bodiessuchasOECD and the CEC wherethe pressureto harmonisetesting
and labelling strategies is revealing the limitations o the current
international consensus. TheCommittee'spolicy istorequiretheminimum
number o tests needed to obtain aclear answer, with the minimum usage
d animas, and with an emphasis on well designed studies and
reproducibleresults.

BRYN BRIDGES
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Agaritine

2.1 Naturally occurring hydrazines, such as agaritine, are found in edible
mushrooms, and human consumption o the commercially grown edible
mushroom Agaricus bisporuswas increasing. Since certain synthetic hydrazines
were known to have mutagenicand carcinogenic potential, the COM and COC
considered these aspectsd agaritinein detail.

2.2 TheCOM reached the following conclusions:

(i) Thechemical structuresd agaritineand its putative metabolites(N-acetyl-
4-(hydroxymethyl) phenylhydrazine and 4-(hydroxymethyl) benzene
diazonium ion) gave rise to concern about mutagenic potential, aconcern
which wasstrengthened by the activity d agaritineand its metabolitesin
bacterial mutation assays.

(i)  Although there was very little evidence d agaritine being mutagenic in
mammaliancellstherewerenoin vivo dataand inadequate in vitrodata to
alow any firm conclusion to be reached about mutagenic potential in
mammalian systems.

(iij)  Information from a bone marrow micronucleus test would provide
reassuranceand indicatea probablelack o heritableeffect.

(iv) In the COM'’s opinion, the concerns about agaritines structure and
mutageni c potential would giveit ahigh priority for further consideration.

2.3 Furthermore, it was felt that more understanding of the mammalian
absorption, distribution, metabolism (and potential detoxification) of agaritine
was needed beforethe Committeescould makeany red assessmentd mutagenic
and carcinogenic activity and its relevance to humans. There was insufficient
concern arising from current information to warrant advising that extensive
measuresshould be taken to reduce agaritineintake.

Alitame

2.4 Alitame, a new intense sweetener, had been considered by the COM in
February 1990 when further data were requested, namely in vitro and in vivo
cytogenetic studies on aitame, and data from bacterial mutagenicity assays on
the$-isomer and aanine amide (decompositionproducts). A somewhat limited
invitrocytogeneticsstudy, and a comprehensivebone marrow micronucleustest
had been conducted on alitameand negativeresultswere obtained in both cases.
In addition, negative resultswere obtained when the$-isomer wastested in the
Samonella assay. However, no data had been provided on the other
decomposition product, alanine amide, as had been requested. The Committee
concluded that although the data presented indicated that alitameitsdf did not
haveany significant mutagenicpotential,therequestfor informationontheability
d thealanineamidetoproducegenemutati onsusingtheSalmonellaassay should
be maintained.
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Dimethyldicar bonate

2.5 The COT were considering the use d dimethyldicarbonate as a cold
sterilisationagent for beverages, and had noted that this compound gaveriseto
smal amounts o methyl carbamate as a decomposition product. Methyl
carbamatewas structurally very closealy related to ethyl carbamate, a recognised
genotoxic carcinogen. Methyl carbamated had been shown to produce tumours
in F344 rats, but not in mice. The estimated safety margin between the dose
producing tumoursin rats and the likely intake from drinks was very large, but
it was acknowledged that a safety margin approach could only be used if it was
acceptedthat thetumourshad ari senfromanon-genotoxi cmechanism. Theadvice
d the COM had thereforebeen sought on the genotoxicity d methyl carbamate.

2.6 The Committeeagreed thefollowing conclusions:

(i) Methyl carbamate had been extensively investigated for its ability to
produce gene mutation and DNA damage in micro-organisms and
mammalian cells in vitro. Negative results were consistently obtained.
Negative results were aso obtained in a limited assay to detect
chromosomedamage.

(i)  Themutagenic potential and DNA damaging ability & methyl carbamate
had been investigated in vivo in bone marrow, liver, kidney, lung
macrophages and germ cells (dominant lethal assay). Again negative
resultswere consistently obtained.

(iii)  Theseresultswerein marked contrast with those obtained with the very
closdly related ethyl carbamate. However, a rationale (Ashby J, Mutation
Research,1991,260: 307-8) for thosedi fferenceswvasprovided by theinability
o the methyl compound to giveriseto an epoxidemetabolite.

(iv) Thefact that methyl carbamate had been found to be negative in in vitro
and in vivo short-termtestsindicated that any chemical carcinogenic effect
d methyl carbamate suggested by the resultsin Fischer 344 rats does not
arise from a genotoxic mechanism.

Gallates Used as Antioxidantsin Food

2.7 Propyl gallate wasoned anumber o antioxidantsreviewed by the COM in
1985/ 6. At that timethe Committeewassatisfied withtheavailabledataon propy!l

gallate, but asked for an in vivo bone marrow rnicronucleustest on galic acid, a
metabolited propyl gallate, inview o some concernabout one published paper
on thiscompound. Sincethat time the Committee had consideredin some detail

the data on butylhydroxyanisole(BHA),another antioxidant, and had concluded
that the clastogenic activity seenin vitro was due to the generationd hydrogen
peroxideand was not rel evant to conditionspertaining to thedietary used BHA.
The Committeeemphasised that itsearlier concernsover propy! gallate were not
primarily due to the clastogenic activity o propyl gallate in vitro but to a study
indicatingthat galic acid might causechromosomal aberrationsin vivo. Aithough
the study was poorly conducted, the COM believed it could not beignored and
wished to seea better conducted repeat study . Further studieswith propyl gallate
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confirmed the absence of activity in the bacterial assays and the presence of
clastogenicactivity in vitro in the absenced metabolicactivation. Therewere no
new in vivo studieson propyl gallate, but each of threeindependent earlier studies
showed absenceof activity in bone marrow. However, the Committee concluded
that the original request for an in vivo micronucleustest using gallic acid should
be maintained,

Imidocarb

2.8 Imidocarbisan antiparasiticdrug used totreat babesiosisin cattleasasingle
subcutaneousinjection equivalent to 2.4 mg/kg bodyweight. Theresidues o the
drugarevery persistent intheedibletissuesd thetreated cattleand theseresidues
might be consumed by humans. Therewereindicationsthat thecompound might
becarcinogenic(seeentry inthereport d theCOC).Thecompany which produced
thedrug had carried out mutagenicity testing in order to determine whether the
compound was genotoxic and the results suggested the in vitro induction of
polyploidy in the absence o aneuploidy. The Veterinary Products Committee
(VPC)had asked the COM's advice on the relevanceof thein vitro polyploidy to
the safety of residuesin meat and what further tests might resolve the question.

29 TheCOM were not convinced that the tests conducted so far ruled out the
possibility of aneugenic potential. The VPC secretariat were advised to ask for
further data.

Omethoate

210 TheCOM'’s advice on the mutagenicity 'of omethoate, an insecticide, was
sought by the Sub-committee on Pesticides (formerly the Scientific Sub-
committee) of the Advisory committee on Pesticides (ACP). The available
mutagenicity data included in vitro studies which clearly indicated mutagenic
potential. Negative results were obtained in in vivo studies, but a positive result
was obtained in the mouse spot test. The Committee was asked to comment on
thesignificance o thislast result.

211 Membersagreed thefollowing conclusions:

(i) Omethoate had been extensively investigated in in vitro mutagenicity
assays. Positiveresults were obtained in Salmonella assays, in one assay
for gene mutationin mammalian cells, and in assaysfor clastogenicityand
also for SCE and UDS induction in mammalian cells. It clearly had
mutagenic potential .

(ii) It had also been extensively investigated in vivo using the oral route.
Negative results were obtained, using acceptabl e protocolsand doses up
to those producing marked toxic effectsin the whole animal, in the bone
marrow (micronucleiinduction and SCEs), liver (UDS)and germcells(two
dominant lethal assays in male mice). These negative results were
consistent with the known metabolismand detoxificationd omethoate. A
positive result however was obtained in the mouse spot test.
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(iii)  Theweight d in vivo evidencewas negativeand there was no justification
for recommending any changein the regulatory position.

(iv) Thepositivemousespot test could not however becompletely discounted,
as there was a remote possibility d a specific effect on the developing
embryo. Consideration should be given to a further test for embryonic
specific activity, the fetal micronucleustest being recommended.

Dimethoate

212 The mutagenicity o the insecticide, dimethoate, was also considered,
since the closdly related omethoate (see above) was a metabolite o this
compound in plants and animals. The following conclusions were agreed
regarding dimethoate:

(i) Dimethoate gave positive results in the Salmonella assay using strain
TA100. Negative results were obtained in a single mammalian cdll assay
for gene mutation in Chinese hamster ovary (CHO) cdlls. Positive results
were, however, consistently obtained in assays for unscheduled DNA
synthesis (UDS) and sister chromatid exchange (SCE) induction in
mammalian cells in vitro. These studies indicated that dimethoate has
mutagenic potential.

(ii) Regarding in vivo data, dimethoate had given negative results in
comprehensive bone marrow assays for clastogenicity using both the
micronucleustest in mice and metaphase analysisin rats. Negativeresults
were also obtained in awell conducted in vivo hepatocyte UDS assay. In
all thesestudies dose level swere up to those producing significant toxicity
intheanimal. Several studies had al so been carried out in germ cells, both
dominant lethal assays and cytogenetic studies. Negative results were
consistently obtained. A long term carcinogeni city bi oassay had shown no
evidenced carcinogenicity.

(¢iii)  Although in vitro studies indicated that dimethoate had mutagenic
potential, in vivo assaysi nbonemarrow, liver and germ cellsindicated that
thispotential isnot expressed in vivo. Thiscould bedueto protectiveeffects
o metabolism.

2-Phenylphenol and its Sodium Salts

213 Thiscompound isused asawood preservativeand surfacefungicide. There
was renewed concern over the bladder tumoursobserved in male ratswhen they
weretreated with 2-phenylphenol at high doselevels.When the COM previousy
considered this compound in 1988, it had been felt that a genotoxic mechanism
was most unlikely. Some additional mutagenicity studies had becomeavailable
since that time and the Scientific Sub-committee on Pesticideshad requested the
adviced the COM on thesignificanced thesefurther studies.
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214 TheCommitteeagreed thefollowingconclusionsafter eval uating the more
recent data:

(i) Datafrom severa assaysto investigatetheability o 2-phenylphenol or its
sodium salt to produce gene mutation in Salmonella typhimurium were
consistently negative.

(1i) Positiveresultswereobtai nedininvitro metaphaseanal ysisstudi esin CHO
cells. Mouse lymphoma assays in the presence of exogenous metabolic
activationgave positiveresultsin theform o small colonies. Theseresults
suggested that a metabolited 2-phenylphenol had clastogenic potential.
These findings conflicted with an earlier in vitro metaphase analysisin a
singlestudy.

(iii)  Negative results were obtained in bone marrow assaysfor clastogenicity
in vivo and also in germ cdlls (dominant lethal assay), indicating that any
possible clastogeni c potential was not expressedin the whole mammal.

(fv)  Conflicting resultsappeared to be obtained inin vivo assaysfor effectson
DNA in bladder epithelium, the target tissuedf concern. The Committee
therefore wished to see data from a more sensitive in vivo method to
investigate adduct formation. There was insufficient evidence to
recommend a departure from the use o the safety factor approach for
regulationd thiscompound at the present time.

Aniline

215 HSE had asked for advicefrom the COM on the mutagenicity d aniline, an
industrial chemical used in the rubber industry and in the manufacture o
dyestuffs, drugs, and pesticides. This compound had been shown to produce
tumours in the spleen but no other tissuesin the rat, and was not acarcinogenin
the mouse; leading to the possibility that the induction of tumours might be
secondary to toxic effects.

216 The Committeeagreed thefollowing conclusions:

(i) The chemical structure o anilineindicated that it was possiblethat it had
mutagenic potential.

(i)  Aniline had been investigated for its ability to induce gene mutationsin
bacteria. Negative results were obtained using standard conditions
(exogenous metabolic activation using enzyme preparations from rodent
livers), but positiveresultswereseeninthepresenced metabolicactivation
using plant preparations, and aso norharman (a non-mutagenic
congtituent d tobacco tar which may enhance mutagenic activity in
Samonella by affecting the balance between metabolic activation and
deactivation). The latter data indicated that aniline had mutagenic
potential.

(iiiy  Podgitive results were reported in studies to investigategene mutation in
mammalian cdls using mouse lymphoma cells and also in studies to
investigateclastogenicity in Chinese hamster cells.
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(ivy)  Anilinehad asogiven positiveresultsin bone marrow micronucleustests
in both the mouse (oral and intra-peritoneal administration) and the rat
(oral administration) but only a extremely high dose levels. These data
were not regarded as convincing evidence d clastogenicity in vivo, but
further work would be needed to explain their significance.

(v) Fromtheavailabledata, it wasnot possible to conclude that aniline was
not genotoxic in vivo. In view d this, and because o concerns regarding
closdly related analogues, it would be prudent to assumethat anilinewas
a genotoxic carcinogen.

1,3-Butadiene

217 Asaresult of anexpansiond the Departmentd the Environment's urban
ar quality monitoring network, routine monitoring data will be generated in
future on 1,3-butadiene. 1,3-Butadiene isa ubiquitousair pollutant produced in
cigarettesmoke, vehicleexhaustsand incineration products from foss| fuels. The
Department d Health therefore sought the adviced the COM and the COC on
the possible long term health effects resulting from low level exposures to this
compound.

2.18 The COM agreed thefollowingconclusions:

(i) The structure and metabolismd 1,3-butadiene would suggest that it had
mutagenic potential; it wasmetabolisedin rodentsto epoxideswith direct-
acting mutagenic potential.

(i)  1,3-Butadiene produced gene mutation in Salmonela typhimurium strains
TA1530 and TA1535 in the presenced an exogenous metabolicactivation
system. Positiveresultswerea so reported inthe mouselymphoma assay.
No data were available from in vitro metaphase analysis for clastogenic
potential, apart from someevidenced SCE in CHO célls.

(iii)  Themutagenicactivity of 1,3-butadiene could beexpressedinsomaticcells
invivo. A clear positiveresult wasobtai nedi nabonemarrow micronucleus
test in micefollowing exposureto 1,3-butadiene by inhalation. There was
alsosomeevidenced anincreasein SCEs. Negative resultswere obtained
inaninvivo assay todetect UDSin theliver, but the Committeerecognised
that such an assay was not the optimum method for investigating the
mutagenic potential d 1,3-butadiene. Therewassomeevidenced covalent
binding to DNA in theliver in astudy usingalimited protocol.

(iv) Nodatawereavailableon theeffectsingermcdls, but it would be prudent
to assume that 1,3-butadiene had the potential for producing heritable
mutations.
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DNA GyraseInhibitors

2.19 Quinolone antibiotics exert their antibacterial effect by the inhibition d
bacterial DNA gyrase, an essential enzyme in bacterial DNA replication. The
inhibitory effect on topoisomerase 11, the equivalent mammalian enzyme, is
relatively small, so that bacterial growth is sdectively suppressed. It had been
suggested that long term carcinogenicity testing d new quinolones(all recently
devel oped quinolonescontai nafluorineatomand areknown asfluoroquinol ones)
was unnecessary because there was a known pattern of mutagenic and
carcinogenic activity for quinolones, with members o the class giving some
positive results for mutagenicity in vitro, but consistent negativeresultsin vivo
and that quinolones tested in long term carcinogenicity studies were either
negativeor non-genotoxiccarcinogens. Thisgroup d compoundswasreferred to
the COM/COC by the Veterinary ProductsCommittee (VPC) for general advice.
The Committees considered the data available for several quinolonesand the
followingconclusionswereagreed asgenera adviceon thetestingof antibacterial
quinolones:

(i) If acompound gives negativeresultsin adequatel y conductedin vitro tests
in mammalian cdlls for gene mutation and clastogenicity and has a high
relativeinhibitory potency towardsDNA gyrasecompared to mammalian
topoisomerase, it is unlikely to be genotoxicin mammalian systems.

(i) If acompoundwitha highrelativeinhibitory potency towardsDNA gyrase
compared to mammalian topoi somerase gives positive resultsin somein
Vitro mutagenicity assays, and this activity can be demonstrated to be
entirely secondary to effectson topoi somerasell activity or duetoartefacts
whichwould not occur in vivo, eg metal chelation, theniit isunlikely to be
agenotoxic carcinogen. Negative resultsin an in vivo bone marrow assay
would provideadequate reassurancein thisrespect.

(iii) - If itisnot possible to attribute all the activity seen in vitro to such effects
further work would be necessary which should beidentified on acase-by-
case basis. Further in vivo testing in addition to the bone marrow study
might be needed to demonstrate that the activity seen in vitro is not
expressed in the wholeanimal.

(iv)  Fluoroquinolonesshould be assessed for safety on the same basis as any
other veterinary product. Iif they had beenshowntobenegativeinstandard
mutagenicity tests, or to give positiveresultsinin vitro mutagenicity tests
due entirely to effects which could not be expressed in the wholeanimal,
they should be treated as compoundswhich had given negativeresultsin
short termtestsfor genotoxicity. It wasnot possible to predict the potential
tumour-inducingability of membersd thisfamily d compounds.
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Mutagenicity Testing Strategieson New Substances:
Further Adviceto HSE

220 Thistopic had been discussed by the Committeeduring 1991 in order to
advise HSE for negotiationson testing o new chemical substancesin Europe (see
1991 Annual Report). After afurther meetingd theEuropeanworking groupfinal
draft proposalswere agreed. Thesewerethat the bacterial mutation assay should
be carried out asthe first test and if thiswas positive be followed up preferably
by the mouselymphoma assay (witha recommendationto measurecolony size).
If thiswere positive, or if it were negative but significant human exposure was
anticipated, then thistest would befollowed up immediately by anin vivo bone
marrow assay. If the mouse lymphoma assay were negative and there was no
significant human exposure, then the request for the in vivo bone marrow assay
could be delayed until asupply level d 10 tonnes per year was reached. It was
agreed by the COM that this was a significant improvement on the previous
proposed strategy, although it believed that the mouse lymphoma assay in this
context wasredundant. It was understood that the European Commissionwould
includeanotestatingthat thevalued foll owingabacteria mutation positivewith
amouselymphomatest should be kept under review.

Classification of Chemicalson Basisof Mutagenic
Properties

221 TheEC Schemefor theclassificationand labellingadf chemicals(Dangerous
Substances Directive 67/548 /EEC) recognised three categories with regard to
mutagenicity. These were substances known to be mutagenic to man (Category
1), substancesthat shoul d beregarded asif they were mutagenicto man (Category
2) and substances which caused concern for man owing to possible mutagenic
effects(Category3). Recently detail ed adviceon theinterpretation o thesecriteria
had been published intheOfficial Journal d the European Communities(OJ). For
acompound to be considered a category 3 mutagen, in vivo data in somatic cells
wereneeded. Thiswasin line withtheCOM advicethat for any meaningful hazard
assessment in vivo data were necessary. However, the criteria for a category 2
mutagen had given rise to concern (in particular the criteria for a category 2
mutagen set out at 2¢ of the OJ publication - in vivo assays showing mutagenic
effectsin somatic cdlsd mammals, in combination with toxicokinetic methods,
or other methodol ogiescapabled demonstrating that the compound or relevant
metabolitereachesthe germ cells). The COM view was that there was a need to
show that thecompound (or metabolite) reached and interacted with DNA ingerm
cellsfor such classification. The present European criteria, however, would allow
the demonstration that the compound reached the germ cells, together with
informationthat it was mutagenicin somaticcells, for classificationasacategory
2 mutagen. Thiswould remove any real distinction between a category 3 and a
category 2 mutagen. The Committee agreed that the UK should press for the
deletion d clause2c.
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Mouse Spot Tet

222 TheCommitteewasasked to adviseonwhether thestatement on themouse
spot test givenin the COM guidelines[ Guidelinesfor thetesting o chemicalsfor
mutagenicity, Department d Health, London: HMS01989 (Reporton Healthand
Socia Subjects35)] still held. Thestatement was:

"The available results [for the mouse spot test] from a number d
laboratories are fairly encouraging. However, the test has severd
disadvantages. Conflicting results have been obtained from different
laboratories, and further inter-laboratory validation is desirable. The
specific strainsd mice needed are not widely available - at least 300 off-
spring must be scored at each dose level - and considerableexpertiseis
required to correctly score the spots. The method islittle used in the UK."

223 The question as to whether views on this test should be revised was
prompted specifically by the discussion on omethoate (see above); but also by
concern at anumber o apparently anomalousresultsreported from thistest and
the reliancebeing put onthisassay by the German authoritiesin their strategy for
mutagenicity testing.

224 During the1992 discussiontherewere many reservationsvoiced about the
mouse spot test, including:

(i) The database, particularly for negative compounds, was too small for
adequate validation.

(i)  Theend-point measured was highly subjective.

(iii)  Muchwork would beneeded to show clearly that the spots measured were
specific for a heritable effect on DNA, rather than a non-specificeffect on
gene expression.

225 TheCommitteefet that thelimitationsnoted in the COM guidelineswere
still valid and the test had been inadequately validated. However it wasfdt that
results from a well conducted, positive mouse spot test should not be ignored
when making an overall assessmentd a compound's mutagenicity.

Generic I ssueswhen Considering Natural Toxins

226 The question d advising on and possible regulation d natural toxins is
extremely complex, particularly when they are constituentsd well established
foods. The problem is further complicated by thelack o adequate toxicity data
on these compounds and little or no information on interactionsbetween dietary
factors. The COM and COC separately discussed some general issuesrelating to
this problem and made the following points:

(i) The COM was concerned about theimplicationsof theintaked abnormal
doses o natural toxins from concentrated extractsd plants for example,
or new varieties o plant which might have much higher levelsd toxic
substancesthan thetraditional strains. Extractswered particular concern
and could relatively easily be tested for mutagenic potential.
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(i)  TheCOCagreed that thefirst areafor considerati onshould beconcentrates
and extracts, such as herbal medicines where there was an enormous
potential for over exposure by usersd such products. The Committeefelt
that practical stepsshould a so be taken to ensure the toxicologica safety
d novel foodsand new cultivars.

JointCOM/COC Symposium on Peroxisome Proliferators

227 A joint scientific meeting was held on 13 January 1992. Peroxisome

- proliferationinhepatocyteswasd interestbecausemany o thecompoundswhich
cause this effect (whichinclude various typesd chemica known collectively as
peroxisomeproliferators)in ratsand micehavebeenshowntocauselivertumours
in these species. The possiblerelevanced thiseffect to human cancer needed to
clarified. This meeting gave members an opportunity to hear about recent
advancesin understanding d the mechanismsinvolvedin the tumour induction
from researchersin thefield and discussthe relevanced the information to the
regulationd chemical carcinogens.

228 Thefollowing presentationswere given:

Toxicologica significanced peroxisomeproliferation: anoverview - Dr T
Gray, Sterling Winthrop Research.

Mechanismsd peroxisome proliferator-induced hepatocarcinogenicity —
Dr B Lake, BIBRA Toxicology International .

Mechanismsd peroxisome proliferation and species differences- Dr C
Elcombe, ICI Central Toxicology Laboratory.

Peroxisome proliferator activated receptor (PPAR): A receptor that
mediates peroxisome proliferator action? - Dr S Green, ICl Central
Toxicology L aboratory.

229 The presentationswerefollowed by discussion and the following general
conclusionswere drawn:

Possible mechanisms o action o peroxisome proliferators: Therewere
several possible explanations for the tumour promoting action o
peroxisomeproliferators. Theseincluded sustai ned oxidativestresscaused
by active oxygen species leaving the peroxisomesand causing oxidative
damage to cdlular components. However this did not seem to be wholly
responsible for the carcinogenicity seen in rodent liver and there was
evidence that increased and sustained cdll replication was an important
factor in alowing previous DNA damage to be expressed.

Species differences in susceptibility to peroxisome proliferators. Rats
and mice are extremely responsive to the effects of peroxisome
proliferators,whilehamstersarel essresponsiveand guinea-pigs,dogsand
marmosetsare essentially unresponsive. Humans appear to be relatively
unresponsive, although no definite conclusion could yet be drawn on
whether the hepatocarcinogenic effect was relevant to humans. It was
unclear at present whether PPAR occursin an activeformin humans.
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Suggestionsfor further research arising from the meeting:

(a)

(2

(c)

(d)

Establishmentd dose-responserel ationshipsfor peroxisomeproliferation
and cdl replication.

Evauation o other potential biomarkers as a measure o rodent
hepatocarcinogenicity.

Further studies on species differences in response to peroxisome
proliferators, especialy in termsd effectson cdl replication.

Studiesto investigate whether all the effects of peroxisome proliferators,
including carcinogenesis, are mediated through the PPAR.
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" New Chairman for the COM

The Department o Health hasannounced the appointment of anew chairmanfor
the Committee on Mutagenicity of Chemicalsin Food, Consumer Products and
the Environment (COM).

Thevacancy will becreated by theresignationd the current chairman, Professor
Bryn Bridges, who has taken over the chairmanship o the Committee on the
Medica Aspectsdf Radiationin the Environment. Professor Bridgeshas beena
member o departmental committees considering mutagenicity since 1972 and
chairmand COM since 1983.

Thechairmanship of the Committeewill passto Professor JM Parry, Professor d
Genetics, University College, Swansea.
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rPreface o __ “

The Committeeon the Carcinogenicity & Chemicalsin Food, Consumer
Productsand theEnvironment (COC)hasconsideredawideranged topics
in the past year. Evaluationsd specific chemicals, such asacrylamideand
various veterinary products, were made. The Committee maintained a
watching brief on the hazards associated with oral snuff, and members
welcomed UK regulations (following the adoption d a European
Directive) whereby certain types d tobacco for oral use, including oral
snuff, would bebanned asfrom1.January 1993. Other, moregeneral issues,
havealsobeen addressed. In particul ar,theCommittee's advicewassought
ontheassessmentd carcinogensin atmosphericair. Onceidentified, some
d these compounds can be removed, but others cannot be eliminated so
readily. It isessentia that some kind d evaluation based on the relative
hazards of such substances should be made which can be used in
establishing prioritiesfor actionin termsd control.

Knowledge d the molecular aspects d carcinogenesis has greatly
increased in recent years, and new members with particular expertisein
thisfield have been appointed to the Committee. Working links between
the COC and the Committee on Mutagenicity remain close, with four
individuals serving on both Committees. Scientific meetingsfor the two
Committeesareheld annually, and thesubject for 1993ismutations d the
p53 gene - the most common cancer-rel ated genetic abnormality known
to occur in human cancersat the geneleve.

RICHARD CARTER
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Agaritine

3.1 Agaritinewasconsidered by the COM and COC (seeCOM section of report
for background and COM conclusions).

3.2 TheCOC’s conclusionson agaritine were asfollows:

(i) Although the chemical structure of agaritine and its mutagenic activity in
bacterial mutation tests gave cause for concern about its potentia
genotoxicity, there were no adequate data which indicated whether or not
the substance was genotoxicin vivo.

(ii)  Thestabilised formsof agaritine's putative metabolitiesshowed evidence
d carcinogenicity in long term testing in Swiss mice, although the studies
were of unusual design. N-acetyl-4-(hydroxymethyl) phenylhydrazine
induced increasedincidencesd tumoursd thelung and blood vessals: 4-
(hydroxymethyl) benzene diazonium ion tetrafluoroborate induced an
increasein adenocarcinomasd theglandular stomach. Whiletherewasno
evidence that agaritine itsef was carcinogenic in mice, it had not been
adequately tested for carcinogenicity; further long-term testing would be
necessary to confirmthe apparent lack o carcinogenicity.

(iti)  Dataavailablefromshort term mutagenicity testingaf mushroom(Agaricus
bisporus) extracts showed that mutagenic activity was not correlated to
agaritine content and along term carcinogenicity bioassay o mushrooms
in mice induced tumours at an unusual site (skeletal osteomas and
osteosarcomas) that were not induced by agaritine metabolites. These
results suggested that mushrooms might contain mutagenic and
carcinogenicactivitieswhichweredueto constituentsother than agaritine.

3.3 Both COM and COC agreed that more understanding o the mammalian
absorption, distribution, metabolism (and potential detoxification) o agaritine
was needed before the two Committees could make any real assessment o
mutagenic and carcinogenic activity and its relevance to humans. There was
insufficient concern arising from current information to warrant advising that
extensive measures should be taken to reduce agaritine intake.

Acrylamide

3.4 In1988the COC concludedthat thelevel o acrylamide monomer presentin
commercia polyacrylamide used in the treatment o drinking water should be
reduced to thelowest practical level becaused concernsover safety. Acrylamide
monomer had been shown to be an in vivo mutagen, and there was also limited
evidencein 1988d acarcinogeniceffectin rodents. In responseto thisadvice, DoE
altered approvals for use d polyacrylamide in drinking water treatment,
decreasing by afactor of 4thetheoreticallevelsd themonomerindrinking water.

3.5 In1992theresultsfromafurther longterm carcinogenicity study inratswere
available, together with two occupational studies in humans. The Committee
considered thisadditional data and cameto thefollowingoverall conclusions:
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(i) No causal relationshipbetween acrylamideexposureand all cause or site-
specificcancer mortality was evident in two occupational investigations.
These studies were limited by the small numbers o subjects and sparse
exposuredata.

(i)  The COC endorsed the conclusions reached by the COM in 1988 that
acrylamideshould beregarded asanin vivo mutagen capabled producing
heritable effects in germ cells. The demonstration d mutagenicity in
somatic cdls in vivo was consistent with a genotoxic mechanism o
carcinogenicity.

(iii)  Twobioassayshad beencarried outin rats. Thefirst study provided limited
evidenceof carcinogeniceffects(largel ybenigntumoursin thethyroid and
mammary glandsand therefore possibly secondary to hormonal effects).
Thesecond study showed evidenced tumour inductionintreatedanimals,
mainly benign neoplasms o the thyroid and mammary gland, together
with mesotheliomasd the tunica vaginalis. Evaluationd theincidenced
glial tumours in acrylamide-treated animalswas not possible because o
inadequate pathol ogical examination.

(iv)  Although no long-termcarcinogenicity studies had been carried out in the
mouse, acrylamidewasshow to be an effectiveinitiator d skintumoursin
Sencar mice and lung adenomas in A/J mice. There was a clear dose
responseand acrylamide was effectiveby anumber d routes.

(v)  The COC concluded that the level d acrylamide monomer present in
commercial polyacrylamideused inthetreatmentd drinkingwater should
be reduced to the lowest practicable level. Furthermore the Committee
expressed reservationsabout thisused polyacrylamide, whichcould lead
to the presenced acrylamide monomer in drinking water, and requested
information on the possibility o replacementsfor polyacrylamide being
devel oped.

(vi) The Committee asked for details d the present level d detection for
acrylamidemonomer in drinking water; whether it would be possible to
develop a more sensitive analytical method; and whether the polymers
could degrade to monomer in water.

Epidemiology o Chlorinated Drinking Water and Cancer

36 1n1986, the DH Committeeon the Medical Aspects o the Contaminationd
Air, Soil and Water (CASW) reviewed the animal carcinogenicity, mutagenicity
and cancer epidemiology d chlorinated drinking water. CASW advised at that
timethat therewas no sound reasonto conclude that the consumptiond the by-
productsd chlorination in drinking-water, treated and chlorinated according to
current practices, increased the risk d cancer in humans; no reason to change
current good practiced chlorination, no requirementfor further epidemiological
studies and no need for long term carcinogenicity bioassays on concentrated
extractsd chlorinated water. Concentratedextractsd chlorinated drinkingwater
were known to be mutagenicin vitro and further work wascarried out to clarify
the relevanced thisfinding. The resultsd this research had been presented to
the COM in 1991 (see 1991 Annua Report) who concluded that chlorinated
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Department of Health

1992 Annual Report of the Committees on Toxicity
Mutagenicity & Carcinogenicity

ISBN 0 11 321604 1

CORRECTION

Page 56

The following paragraph was omitted.

3.7 Since the review by CASW in 1986, several new epidemiological
investigations had been conducted on the possible association between cancers
at various sites and consumption of chlorinated drinking water. A meta-
analysis of the available epidemiological studies had also been published
(Morris RD € al Chlorination, chlorination by-products dnd cancer: a meta-
analysis. Amer J Public Health 82(7) 955 - 963 (1992)), which suggested an
association between chlorinated drinking water and bladder and rectal cancer.
After consideration of the more recent publications, together with the meta-
analysis, the Committee concluded that the 1986 conclusions were adequately
founded and that information from subsequent investigations did not al-
ter those conclusions. The Committee could not recommend that further
epidemiological studies should be undertaken in the UK at the present time,
unless a population could be found with a distinctive exposure to chlorinated
drinking water.

September 7993
LONDON:HMSO
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drinkingwater itself presentedlittlerisk ondirectcontact with thegastrointestinal
epithelium.

Avoparcin

3.8 Avoparcinis a glycopeptide antibiotic used as a veterinary feed additive
(growth promoter). It is licensed throughout the EC for usein chickens, turkeys,
cattle, pigsand lambs. There was evidencethat avoparcin was poorly absorbed,
so residuesin meat and milk would benegligible, but operators could beexposed
to avoparcinwhen handling feed, or via residuesin animal excreta. Thesafety of
the product had been questioned in European discussionsdue to the existence of
an allegedly positive carcinogenicity study. The COC was asked to review three
long-term bioassays in laboratory rodents and advise on the carcinogenicity of
avoparcinand any possiblerisk tohumans. Thisadvicewould beused in European
discussionsover the continued licensing of avoparcin asa veterinary product.

3.9 The Committee cameto thefollowing conclusions:

(i) Despitethelimitationsd the mutagenicitytestingd avoparcin therewere
adequate data to indicate that the compound did not have mutagenic
potential.

(i)  Thelongterm carcinogenicity bioassay intherat wasdf lessthan adequate
design, but appeared to give a negative result. The Committee accepted
the results of the independent histopathological review o the first long
term bioassay in the mouse, which showed that hepatocel lular neoplasms
had been initially over diagnosed and that the bioassay was negative. A
second study inthesamestrai n of mouseconfirmed that avoparcinshowed
No carcinogenicactivity in the mouse.

(zii)  TheCOCfound noconvincingevidenced thecarcinogenicity d avoparcin
in thesethreelong term studiesin rodents.

Enrofloxacin

3.10 Enrofloxacinisaquinoloneantibiotic(seeDNA gyraseinhibitorssectionin
COM entry) with apotential usein veterinary medicine. There was concern over
thesafety d DNA gyraseinhibitorsin general, because their action depended on
theinhibitiond bacterial DNA gyrase. Enrofloxacingavepositiveresultsin some
inutageni citytestsinvitro. Longtermcarcinogenicity bioassayshad theref orebeen
carried out. Enrofloxacin was not carcinogenicin an adequately conducted study
inthemouse.l nrats, thecompoundappeared toi nduceanincreaseintheincidence
in subendocardial mesenchymal tumoursin male aniinalsat al test doses (770,
2000, and 6000 ppminthediet) and infemalesat thetop dose. The COC wasasked
for its opinion on the carcinogenicity o enrofloxacinand the significanced the
tumoursinduced in treated rats.

3.11 TheCOC advised that no conclusion could be reached on the rat bioassay
because o the lack o adequately documented pathology results. Members
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recommended that the VPC should seek a re-examination o all the
histopathol ogical findings.

Imidocarb

312 Thisveterinary drug was assessed by both the COM and the COC at the
request d the VRC - see COM entry for background and COM conclusion. The
COC consideredthecarcinogenicityd imidocarb, sincethere was somedoubt as
to whether it should be considered as a carcinogen. Only one poor quality study
in ratswas available. The Committee's adviceto the VPC wasasfollows:

(i) There was equivocal evidence that imidocarb was carcinogenic in rats.
Levelsd residuesd thedrug remaininginedibletissueswereanimportant
factor in the safety assessment of thisdrug.

(i)  The data from the carcinogenicity study needed to be presented more
clearly and re-analysed before any conclusion could be reached as to its
carcinogenicity. The Committeewoul d reconsider the topicwhen thishad
been doneand when theresultsd the studiesrequested by the COM were
available.

Toltrazuril

313 Toltrazurilisanew veterinary drug designedto beincludedin thefeed and
drinkingwater  chickensto prevent coccidiosis. Theresiduesfoundinthetissues
d treated chickens were mainly the sulphone metabolite. Exposure would be
expected to be greater for operators than for consumers. The company had
examined both the parent drug and its metabolites in a series d short-term
mutagenicity tests, and conducted carcinogenicity bioassaysin ratsand mice. The
study in mice gave negative results, but there was an increased incidence o
endometrial adenocarcinomasin ratsfed the highest dose d toltrazuril.

3.14, TheCommitteeconsidered thedataand cameto thefollowingconclusions:
(i) Therewas no evidence that toltrazuril was genotoxic.

(i) A theoretically plausible non-genotoxic mechanism had been suggested
for the carcinogenic effect in rats, attributing the increased incidence o
endometrial adenocarcinomas at high dose levels d the compound to
hormonal imbalance. Available data on hormonelevelsdid not, however,
provide sufficient supporting evidence.

(iii)  Although the Committee had reservations about the validation d the
hormonal mechanismfor the tumour-inducing action d toltrazuril, there
was an apparent threshold effect in ratsat 20 ppmin thediet.

315 Thisadvice would be used during the regulatory procedurefor licensing
and determining conditionsd used toltrazuril-containingproducts.
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Further Epidemiology on Breast | mplants

316 The Committeeconsidered a newly published epidemiological study on
breast implants in women and the associated risk o breast cancer, reference:
Berkd H, Birdsell DC, JenkinsH (1992). Breast augmentation: a risk factor for
breast cancer?New England ] Med 326 (25): 1649-1653. (See1991 Annual Report for
earlierconsiderationsofbreast impl ants.) TheCommitteeconcl uded that thestudy
provided qualified reassurancethat silicone breast implants were not associated
withbreast cancer, butinformationfromlarger numbersd womenwith adequate
follow-upwould be needed beforefirm conclusionscould be drawn.

1,3-Butadiene

3.17 Thisair pollutant wasconsideredby both COM and COC-see COM section
for background and COM conclusions.

3.18 The COC agreed with the COM’s conclusion that 1,3-butadiene wasan in
vitro and in vivo mutagen. The Committee came to the following further
conclusions:

(i) Animal bioassay data indicated that 1,3-butadiene was tumourigenicin
both the rat and the mouse. In inhalation studies in the Sprague-Dawley
rat the compound induced follicular thyroid adenomas and Leydig cdll
adenomas. 1,3-butadiene was a potent multi-tissue carcinogen in the
B6C3F1 mouse by the inhalation route at concentrationsd 20 ppm and
above.

(ii)  Evidence from mortality studies in workers at one butadiene
manufacturingsiteand at several styrene-butadi enerubber sitessuggested
that exposureto 1,3-butadiene was associated with anincreased incidence
d malignanciesd thehaematopoietic/lymphopoietic system. Further data
were needed, particularly on exposureleves, before conclusionscould be
drawn regarding a definite causal relationship.

(iii)  1,3-butadiene should be regarded asa potent genotoxicanimal carcinogen
and a probable human carcinogen.

DNA Gyrase Inhibitors

319 COM and COC considered this group d compounds and offered joint
general advicetothe VPConthesafety testingd antibacterial quinolones, agroup
d compounds which owe their antibacterial activity to DNA gyrase inhibition.
Thebackground and joint advicecan befound under the COM entry.

Setting Air Quality Guidelines
320 The Expert Panel on Air Quality Standards (EPAQS), established by the
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Department o the Environment in 1992, requested general advicefrom COC on
the setting o standards for carcinogenic air pollutants. Such compounds were
ubiquitous in air and could not be avoided. Actua standards would be
recommended by the Expert Panel on a compound-by-compound basis.

3.21 'The Committee agreed that for non-genotoxic carcinogens where the
mechanismsd carcinogenesiswere adequately understood, standards could be
based on the threshold for the primary effect, in the same way as for other
toxicological endpoints.

322 The Committee emphasised that the no-safe-level approach was the
scientifically correct approach for genotoxic carcinogens: but, since pollutants
could not be totally removed from the air, nor completely avoided, a pragmatic
approach to the setting of air quality standards for genotoxic carcinogenswas
appropriate. It was agreed that asensibleapproach might involvethe application
o further safety factorsto a primary standard at which the riskswere agreed to
be low (such as occupational exposure limits or a level decided upon from
examination o the scientific literature). In each case careful consideration o all
the availabledata would be needed.

323 Itwasrecognisedthat it would not alwaysbepossibletoset standards based
on health criteria, since there might not be adequate data available. However, a
health input should beincluded wherever possible.

324 Inaddition, apresentation wasmadetotheCommitteeby Dr Derwent from
the Air Quality Division d the Department d the Environment on air quality
monitoring in the UK.

Generic I ssueswhen Considering Natural Toxins

3.25 Both the COM and COC had discussions on thistopic. A summary o the
discussionand specific conclusionsfrom both Committeesisincluded in the COM
entry.

Consderation of Large Bioassayson N-Nitroso
Compounds

3.26 TheCommitteeconsidered the reports d extensivestudies carried out on
thedose-responserel ationshipin ratsd two carcinogenic nitrosamines(Swenberg
JA, Hoel DG, Magee PN. Cancer Res51: 6409-6414,1991; PetoR, Gray R, Brantom
P, Grasso P. ibid 51: 6415-6451; Peto R, Gray R, Brantom P, Grasso P. ibid 51: 6452
- 6469; Gray R, Peto R Brantom P, Grasso P. ibid 51: 6470 - 6491).

327 The experimentsinvolved unusually large numbersd animals and more
extensivedose range than had been used previously. In discussionthe Committee
commented that it was disappointing that even such extensiveexperiments had
not greatly clarified dose-response mechanisms.
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328 Thefollowingconclusionsweredrawn:

(i) When considering the does-response relationship in chemica
carcinogenesisit was important to take the spontaneous rate o tumour
development into account.

(ii)  Bvenwithverylargebioassaysseveral differentmathemati cal model sfitted
the data equally well and gaveriseto very different extrapolationsfor the
magnituded responseat lower doses. Therefore, it wasvery unlikely that
experimental resultswould ever providesufficient data to support the use
d one particular mathematical model above others.

(iii)  Thedatafrom these bioassayssupported adopting linear extrapolationas
the prudent approach f or estimating carcinogenicresponseat lower doses,
in circumstanceswhere therewas a spontaneousincidenced the tumour
o interest.

(iv) There was no reason to ater the design d conventional carcinogenicity
tests. It might be informativeto extend a study to the natural life span if
therewasinterestinthedoseresponsed aparticular tumour. Dosingwith
thetest substancefromanearlier agethan conventional might alsoincrease
the sensitivity d the bioassay, but would cause problemswith the use o
the maximum tolerated dose (MTD).

TopicsUnder Review

329 Thefollowing topics, which were discussed by the COC at meetingsheld
in 1992, are under review:

Captan
Dithiocarbamatesin latex products
2, 3,7, 8-Tetrachlorodibenzo-p-dioxin (commonly known as dioxin)
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ANNEX 1

: 1

Terms of Reference

To advise at the request of:

Department o Health

Ministry of Agriculture, Fisheriesand Food

Department o the Environment

Department of Trade and Industry

Department o Transport

Department o Energy

Health and Safety Executive

Medicines Control Agency: Section 4 Committees and the Licensing
Authority

Committeeon the Medical Aspectsd Food Policy

Home Office

Scottish Home and Health Department

Department o Agricultureand Fisheriesfor Scotland

Welsh Office

Department o Health and Socia Servicesfor Northern Ireland
Other Government Departments

1. Toassessand advise on the toxic risk to man o substances which are:

(a) used or proposed to be used asfood additives, or usedinsuch away that they
might contami natefood through their useor natural occurrenceinagriculture,
including horticulture and veterinary practiceor in thedistribution, storage,
preparation, processingor packaging o food,;

(b) used or proposed to be used or manufactured or produced in industry,
agriculture, food storage or any other workplace;

(c) used or proposed to be used as household goods or toilet goods and
preparations,

(d) used or proposed to be used as drugs, when advice is requested by the
Medicines Control Agency, Section 4 Committeeor the Licensing Authority;

(e) used or proposed to be used or disposed o in such a way as to result in
pollution d the environment.

2. To advise on important general principles or new scientific discoveriesin
connection with toxic risks, to co-ordinate with other bodies concerned with the
assessment d toxic risksand to present recommendationsfor toxicity testing.



ANNEX 2

Glossary of Terms N J

ACUTE Describesadiseaseof rapid onset, severesymptomsand brief duration.

ADDUCT A chemica groupingwhichiscova entlybound (strongbond formed
by the sharing o a pair d electrons) to a large molecule such as DNA (qv) or

protein.
ADENOMA  (See’tumour’).

ADI Acceptabledaily intake, definesas'An estimate o the amount o afood
additive, expressed on a body weight basis, that can be ingested daily over a
lifetime without appreciablehealth risk'.

A/JMICE A straind micewithahighspontaneousrated lung tumours which
can begreatly enhanced by relatively short-term treatment with carcinogens.

ALKALOIDS A diversegroup d nitrogen-containing substances, produced by
plants, which may have potent effectson body function.

ALKYLATING AGENTS Chemicas which leave an akyl group covaently
bound tobiologicalyimportant moleculessuchasproteinsand DNA (seeadduct).
Many alkylating agentsare mutagenic, carcinogenic and immunosuppressive.

AMESTEST In vitro (qv)assay for bacterial gene mutations(qv) using strainsd
Samond latyphimurium devel oped by Amesand hiscolleagues.

ANEUGENIC Inducinganeuploidy (qv).

ANEUPLOIDY The circumstancesin which the total number d chromosomes
within a cdl is not an exact multiple o the normal haploid (see'polyploidy’)
number. Chromosomesmay belost or gained during cell division.
ANTIMICROBIAL Theability to destroy microbes.

ANTIOXIDANT A compound whichis capable o delaying or preventing the
developmentinfood d rancidity or other flavour deteriorationdue to oxidation.

May be used asagenera termfor an ingredient which preventsoxidation.

ASCITES Theaccumulationd fluid in the peritoneal cavity causingabdominal
swelling.



BABESOSS Redwater diseased cattle, caused by the parasite Babesa spp.
BASAL DIET Normal diet without any o the test material added.

$ISOMER Isomers are two or more chemical compounds with the same
molecular formula but having different properties owing to a different
arrangement o atoms within the molecule. The fi-isomer o alitameis formed
when thecompound degradesand theatomswithin the moleculearerearranged.

BIOMARKER A readily measurabl ebiol ogical concentrationor similar quantity
whichactsasasurrogate for abiologica effect.

BOLUSDOSE Whenadl thetest substanceis administered at the same time, ie
asasingledose.

CARCINOGENICITY BIOASSAY Tedts carried out in laboratory animals,
usually rats and mice, to determine whether a substanceiscarcinogenic. Thetest
material is given, usualy in the diet, throughout life to groups d animals, at
different doselevels.

CARCINOGENS The causal agents which induce tumours. They include
external factors (chemicals, physical agents, viruses) and internal factors such as
hormones. Chemical carcinogensare structurally diverse and include naturally-
occurring substances aswell as synthetic compounds. An important distinction
can bedrawn between genotoxic (qv)carcinogenswhich have been shown to react
directly with and mutate DNA, and non-genatoxic carcinogenswhich act through
other mechanisms. The activity d genotoxic carcinogens can often be predicted
from their chemica structure - either o the parent compound or d activated
metabolites (qv). Most chemica carcinogensexert their effects after prolonged
exposure, show a dose-responserelationship and tend to act on a limited range
o susceptibletarget tissues. Carcinogensare sometimes species- or sex-specific
and the term should be qualified by the appropriate descriptive adjectivesto aid
clarity. Severa different chemica and other carcinogens may interact, and
constitutional factors (genetic susceptibility, hormonal status) may aso
contribute, emphasi sing the multifactorial nature o the carcinogenic process.

CARCINOMA Malignant tumour arising from epithelial cells lining (for
example) the alimentary, respiratory and urogenital tractsand from epidermis,
also from solid viscerasuch as the liver, pancreas, kidneys and some endocrine
glands (seea so 'tumour’).

CHELATION The removal d metallic ions from solution by formation o a
complex with an organic molecule.

CHRONIC Describingadiseased long durationinvolvingvery slow changes.
Such diseaseis often d gradual onset. The term does not imply anything about
theseverity d the disease.

CIRRHOSS A conditionin whichtheliver respondstoinjury or death of some

o itscellsby producinginterlacingstrandsd fibrousti ssuebetweenwhichgroups
o regenerating cells can be found.
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CLASTOGEN Anagent that produces chromosomebreaksand other structural
aberrations such as translocations(qv). Clastogens may be viruses or physica
agents as well as chemicals. Clastogenic events play an important part in the
development d some tumours.

CROHN'S DISEASE A condition in which segments o the aimentary tract
becomeinflamed, thickened and ul cerated.

CULTIVAR A plant variety developed from the naturally occurring species by
breeding and cultivation.

DIETARY REFERENCE VALUE (DRV) A term used to cover LRNI (qv), RNI
(gv)and safeintake.

DNA (DEOXYRIBOSENUCLEICACID) Thecarrier of geneticinformationfor
all livingorgani smsexcept thegroup d RNA viruses.Eachd the 46 chromosomes
in normal human cellsconsistsd two strands d DNA containing up to 100,000
nucleotides, specific sequences o which make up genes (qv). DNA itsdf is
composed o two interwound chains o linked nucleotides, each nucleotide
consistingd threeelements: apentosesugar, aphosphategroup and anitrogenous
base derived from either purine (adenine, guanine) or pyrimidine (cytosine,
thymine).

DNA GYRASE A bacterial enzymewhichcontributesto the maintenanced the
3-dimensional structure d DNA.

ELECTRON MICROSCOPY A type d microscopy with higher magnification
than is possiblewith the ordinary light microscope.

ENDOMETRIAL Rdatingtotheliningd the uterus.

EPITHELIA The tissue covering the outer surfaced the body, the mucous
membranesand cavitiesd the body.

EPOXIDE A compound containingan epoxy group (an oxygen atom bound to
two other atoms, usually carbon) as part o itschemicd structure. Epoxy groups
areusually reactiveand an epoxy group and/or theability toformanepoxy group
is considered an 'aerting structure’ for genotoxic activity (ie interaction with
DNA).

HABROSS Thickeningand scarringd connectivetissue.

FOLLICULARTHYROID ADENOMA  Benigntumour (qv)df thefollicularcells
o thethyroid gland.

FORESTOMACH (See'glandular stomach).

GENE Thefunctional unitdf inheritance: aspecificsequenceof somenucleotides

along the DNA molecule, forming part d a chromosome.
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GENOTOXIC Theability d asubstanceto cause DNA damage, either directly
or after metabolicactivation (seea so'carcinogens).

GERM CELL Reproductivecel, eg spermatid.

GLANDULAR STOMACH The stomach in rodents consists d two separate
regions - the forestomach and the glandular stomach. The glandular stomachis
theonly areadirectly comparable to human situations.

GLIAL Pertaining to glia (or neuroglia),a group d specialised celswhich'are
found in the brain and spinal cord. They are concerned with the support and

nutrition d nervecdls.

GLYCOPEPTIDE A compound formed by the conjugation d a peptide (short
chaind amino acids) and carbohydrate molecules.

HAEMATOPOIETIC Concerningthe productiond formedelements- red cdls,
whitecellsand platelets- in the circulating blood.

HAEMORRHAGICNECROSS Thedeath of someor all of thecdlsin anorgan
or tissue associated with or resulting from blood loss.

HEPATOCARCINOGENICITY Ability toinduceliver tumours.
HEPATOCELLULAR Relatingto thecdlsd theliver.

HYDRAZINES A classd organic basesderived from hydrazine- H,N.NH,.
HYDROLYSS Thebreakdown of achemical by water into simpler products.

HYPERKERATOSS A thickening o the tough keratin layer on the surface of
the squamous epithelium (seealso * squamous epithelia).

HYPERPLASIA Anincreaseinthesized organsand tissuesduetoanincrease
in the total numbersd the normal cell constituents.

INTRA-PERITONEAL (IP) Refers to the dosage route where a chemical is
injected directly into the peritoneal cavity o the abdomen.

IN VITRO A Latinterm used to describe effectsin biological material outside
thelivinganimal.

INVIVO A Latinterm used to describeeffectsin living animals.

ISOMERS  (See’f-isomer’).

LABELLINGINDEX A measured thefrequency o cell division.

LD50 Thedosed a toxic compound that causes death in 50% o a group o

experimental animal sto whichit isadministered. It can be used toassesstheacute
toxicity d acompound.
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LEUKAEMIA A group of neoplastic disorders (see ‘tumour’) affecting blood-
forming elements in the bone marrow, characterised by uncontrolled proliferation
and disordered differentiation or maturation (stage which forms final cell types).
Examplesinclude the lymphocytic leukaemias which develop from lymphoid cells
and the myeloid leukaemias which are derived from myeloid cells (producing red
blood cells, mainly in bone marrow).

LEYDIG CELL ADENOMA Benign tumour (qv) of the cells interspersed
between the seminiferous tubules of the testis.

LINEARITY The assumption that the size of an effect is directly proportional to
the size of the dose.

LOWER REFERENCE NUTRIENT INTAKE (LRNI) The amount of a nutrient
that is enough for only the few people in a group who have low needs.

LYMPHOPOIETIC A term applied to the body tissues where normal
lymphocytes, a variety of white blood cell, are formed.

MACROPHAGE Scavenging cells found in tissues, such as the lung, and in
circulating blood (where they are known as monocytes). They ingest foreign
material such as bacteria and form part of the normal defence system of the body.

MAXIMUM TOLERATED DOSE Usually the highest dose used in a
carcinogenicity bioassay (qv). Commonly chosen from a preliminary 90-day study
and set at the highest dose at which there is no organ toxicity or gross functional
effect. If there is no specific toxicity the dose which will cause a 10% reduction in
weight gain over the life span of the animals is conventionally used.

MEGALOCYTE An enlarged cell.

MESOTHELIOMA A rare tumour, usually malignant (see ‘tumour’), which
develops from the thin, flattened (mesothelial) cells which line the lung, heart and
abdominal cavities. The commonest cause of mesothelioma is asbestos.

METABOLIC ACTIVATION Conversion by enzymes of a chemical from one
state to another, for example by chemical reactions such as hydroxylation,
epoxidation or conjugation. The term is used in a more narrow sense to describe
the addition of a mammalian cell free preparation from livers of rats pre-treated
with a substance which stimulates production of metabolising enzymes. These
preparations are added to in vitro short-term tests to mimic the metabolic activation
typical of mammals.

METABOLITE Product formed from the original compound by enzymic
reactions in the body/cell.

METAPHASE Stage of cell division (mitosis and meiosis) during which the
chromosomes are arranged on the equator of the nuclear spindle (the collection
of microtubule filaments which are responsible for the movement of chromosomes
during cell division). As the chromosomes are most easily examined in metaphase,




cells are arrested at this stage for microscopical examination for chromosome
aberrations (qv) —~ known as metaphase analysis.

MONOMER A chemical compound made up of a single molecule (as opposed
toa polymer which isbuilt up by the repeated union of many monomer molecules).

MOUSE LYMPHOMA ASSAY An in vitro assay for gene mutation in
mammalian cells using a mouse lymphoma cell line L5178Y, which is
heterozygous for the gene (carries only one functional gene rather than a pair) for
the enzyme thymidine kinase (TK*"). Mutation of that single gene is measured by
resistance to toxic trifluorothymidine. Mutant cells produce two forms of colony
- large, which represent mutations within the gene and small, which represent
large genetic changes in the chromosome such as chromosome aberrations. Thus
this assay can provide additional information about the type of mutation which
~ has occurred if colony size is scored.

MOUSE SPOT TEST An in vivo test for mutation, in which pregnant mice are
dosed with the test compound and mutations are detected by changes (spots) in
coat colour of the offspring. Mutations in the melanocytes (skin pigment cells) of
the developing fetus are measured.

MUTATION A permanent change in the amount or structure of the genetic
material in an organism which can result in a change in the characteristics of the
organism. The alteration may involve a single gene, a block of genes, or a whole
chromosome. Mutations involving single genes may be a consequence of effects
on single DNA bases (point mutations) or of large changes, including deletions,
within the gene. Changes involving whole chromosomes may be numerical or
structural. A mutation in the germ cells of sexually reproducing organisms may
be transmitted to the offspring, whereas a mutation that occurs in somatic cells
may be transferred only to descendent daughter cells.

MYCOTOXIN Toxic compound produced by a fungus.
NON-GENOTOXIC  See ‘carcinogens’.
OEDEMA Excessive accumulation of fluid in body tissues.

OSTEOMAS AND OSTEOSARCOMAS Benign and malignant tumours (qv) of
the bone.

PARENCHYMA The functional part of an organ, as opposed to the support
tissue.

PEROXISOMES Subcellar cytoplasmic particles bound by a single membrane.
Probably present in all mammalian cells, but seemingly more abundant in liver
and kidney. They contain the enzymes of a f-oxidation system, the function of
which is not entirely clear, but which generates hydrogen peroxide. This is
normally detoxified by the peroxisomal enzyme, catalase. In some species hepatic
and, to a lesser extent, renal peroxisomes may undergo proliferation in response
to certain physiological conditions or as a result of treatment with various
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chemicals (‘(PEROXISOME PROLIFERATORS’). The rodent liver and kidney
is particularly susceptible to these effects whereas primates, including
humans, appear to be more resistant.

PLASTICISER A substance which increases the flexibility of certain plastics.

POLYPLOIDY Having three or more times the haploid (single set of
unpaired chromosomes as found in germ cells) number of chromosomes.
Somatic cells from animals generally contain a diploid set of chromosomes,
with pairs of equivalent chromosomes, so that twice the haploid number are
present.

PORTAL HYPERTENSION A state in which the pressure within the hepatic
portal vein is increased, causing enlargement of the spleen and accumulation
of fluid in the peritoneal cavity.

RECEPTOR  Part of a cell which specifically combines with an agent.

REFERENCE NUTRIENT INTAKE (RNI) An amount of the nutrient that is
enough, or more than enough, for most (usually at least 97%) of people in a
group. If the average intake of a group is at the RN, then the risk of deficiency
in the group is very small.

SENCARMICE A strain of mice particularly sensitive to skin application of
carcinogens, developing skin tumours in 2-3 months.

SOMATIC Occurring in cells of the body other than germ cells (see
‘mutation’).

SQUAMOUSEPITHELIA A type of epithelium consistiﬁg of square-shaped
cells. Examples are the skin and the lining of the oesophagus (see also
‘epithelia’).

TDI Tolerable daily intake.

TERATOGEN A substance which, when administered to a pregnant woman
or animal, can cause congenital abnormalities (deformities) in the baby or
offspring.

TERATOLOGY The study of development abnormalities and their causes.

THRESHOLD The lowest dose which will produce a toxic effect and below
which no toxicity is observed. '

TOXICOKINETICS The description of the fate of chemicals in the body,
including a mathematical account of their absorption, distribution,
metabolism and excretion.

TUMOUR (Synonym — neoplasm) A mass of abnormal, disorganised cells,
arising from pre-existing tissue, which are characterised by excessive and




unco-ordinated proliferation and by abnormal differentiation. BENIGN
tumours show a close morphological resemblance to their tissue of origin;
grow in a slow expansile fashion; and form circumscribed and (usually)
encapsulated masses. They may stop growing and they may regress. Benign
tumours do not infiltrate through local tissues and they do not metastasise.
They are rarely fatal. MALIGNANT tumours (synonym — cancer) resemble
their parent tissues less closely and are composed of increasingly abnormal
cells in terms of their form and function. Well differentiated examples still
retain recognisable features of their tissue of origin but these characteristics
are progressively lost in moderately and poorly differentiated malignancies:
undifferentiated or anaplastic tumours are composed of cells which resemble
no known normal tissue. Most malignant tumours grow rapidly, spread
progressively through adjacent tissues and metastasise to distant sites.
Tumours are conventionally classified according to the anatomical site of the
primary tumour and its microscopical appearance, rather than by cause. Some
common examples of nomenclature are as follows:

Tumours arising from epithelia (qv): benign — adenomas, papillomas;
malignant — adenocarcinomas, papillary carcinomas.

Tumours arising from connective tissues such as fat, cartilage or bone:
benign — lipomas, chondromas, osteomas; malignant — fibrosarcomas,
liposarcomas, chondrosarcomas, osteosarcomas. Tumours arising from

- lymphoid tissues are malignant and are called lymphomas; they are
often multifocal. Malignant proliferations of bone marrow cells are
called leukaemias. Benign tumours may evolve to the corresponding
malignant tumours; examples involve the adenoma —> carcinoma
sequencein thelargebowelin humans, and the papilloma —> carcinoma
sequence in mouse skin.

TUNICA VAGINALIS Membrane covering the testis and epididymis.
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ANNEX 3

Other Publications Produced by these Committees

1991 Annual Report of Committees on Toxicity, Mutagenicity and
Carcinogenicity of Chemicals in Food, Consumer Products and the
Environment. HMSO ISBN 0 11 321529 0 Price £9.50.

Guidelines for the Testing of Chemicals for Toxicity DHSS Report on Health
and Social Subjects 27 HMSO ISBN 0 11 320815 4 Price £4.30.

Guidelines for the Evaluation of Chemicals for Carcinogenicity DH Report on
Health and Social Subjects 42 HMSO ISBN 0 11 321453 7 Price £7.30.

Guidelines for the Testing of Chemicals for Mutagenicity DH Report on Health
and Social Subjects 35 HMSO ISBN 0 11 321222 4 Price £6.80.

Guidelines for the Preparation of Summaries of Data on Chemicals in Food,

Consumer Products and the Environment submitted to DHSS DHSS Report.

on Health and Social Subjects 30 HMSO ISBN 0 11 321063 9 Price £2.70.
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