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B2 (po BLWip) BLUHET v FORMMITE/IMERR (po) W ThLEMETH - (1
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DO, BHNMITE Fa—AOEBEICERLTWADY, HEaxd LTHREERF TR
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S v FITFEZ RV UDS B CHEMERERBPHFELN TN D.
v A AN ENEFERR THEEEENELNTWD.

HEdS X OMER VN Z JacZ DR RRE (Muta™Mouse) 2832 LTfTbRTEY, W
ThORBRIZBWT LI TIIREMETH -7

anlau AP EHEAR Y FRRTHEBEERAELNATHD.
S FERERCO DNA IR T3t - OGN H o 7.

< o ARG, MRSV Ay PRERTRBICEBEOBRERH DL,
TEIIAERAETH-12). —F, E2RKLIIEHFERRS, BICREAKRGLIZ<D R
FREMHHEBBEL, 22y FREREZTY, GRSV TSRS LBELTVS.
Hx b LTRHINOHEOEOEERICEBRERIZL TS NHBITE -7
HEAREIE, MR LEEE-oTaAy FRRZTY, REIRETHS. Tk, a2y MR
BIrBWTH, F—ARELYY, TAT—AY PEAVWTHETRETHS.

F w NIFEETC DNA fHNE2BET A ERRBEA TS, Z0Z X, 7> MHET
O GST-P BABFATAEDICIERTHLLILEDNEMN, v VRIBWTLARDLRET
ho.
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HRBEIE: MC T MBS ER T VR TO DNA fHIHER Y BIETRETHS.
(KA E WL Bbha 7o, PP BR FSAABRREY S L. fIfEco 3p
RBRPSANERITI LI L>TF 2w Z7aRETHAS.)

Fe AR 4L
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ZITE D HITAMRER, XFHE UV EEZEE L LD TRy, ay VR
L ORI ORI & V7, T, BURESBREFEEORRE 2> THEMZ
OVTHHLARIEMITRV. Ames RERIZBN T 2O TEREROERVRL LR
e, E&UTEEBRELTRT IO MHA TSI SR ShHAHHETCIdeh o/, vl
? Ames RERATORERER A ML, BREAZETOTHEETRRD LD THHT-.
CHOMIBATDa Ay FRERIZBWVWT, @EOFIETIHA Yy FOFREIIRONT, FPGHEE
FOWMZL>Thaty FOWBITIR LR 2o, ZOIZ &iX, FPG X DNA DL
PR L, YT 2ER 2R 20T, BHEARERMAEABML T o= Z L ERL
TW5., 2auTge~y ACRERETH £, 28 A%ICATET 8-OHIG OBIMABR LN D
EOREVRHDLY, ZOBMIF—20Eb0&2E T3 EHETIIV. &biz, =
DR FEIEROZERES ZSATEY, FMREICTEThHs.

BALE

= 7 AFDASETARR

2y VBMEBER RS Shice U A CREFRIRRES L URTIES s 544 5. PN
AT BYEOMRIENRIE & B L ORASNETATSHS. REEO TR R AT
BETOREIMEETHL LT HICRETE2 I TH o1
HERER =V ARBAMRROLET — 7 LFEMEE LR L, FEEOME(BIENIE
BT IHLERDD.

U AEBAMERBRICEA L TIEREIHENINTWS L0, FIRBRIESSIEER R
ADZAATRE L EWVOIRRTESEV RN E S ICBbhs. a0 Ui REshi
BT — FORYVIALZBAESRD LN TWA. ZO7s, MO T3/T4 LULHME
TUTRIEMEICH T EAED O TSH O BATIET 5. TOME, FRIROMMBEMATAS I
Sha, Ef, TITA LUV e TSH Loy RO S 2145 L 48 BFRILANICIE
BEICREDZ EDNMONTWS, ZOAD=A AL FPTIHEILARWEERDbR S, fil
220, b M~ D ZTEARTHREREAT S LRAARER LICC L, £, av ko
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b FREGEL D OERIESTIRAMEN ML TH D.

L L7easih, xS oRAeLRRIRE BERRICEZD T L AMEETH D LU
7o, U PERIRHHROBELHUT L LTS 02 Lid B HEERRIC kT 0T
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FEFEE & BHRIRIZ 3517 BRI R 2 (bIE, SHTH — BN T Rk — FRIROFih &2 TR
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A U7z R o B L7 S MM R ERER OBRBER L R>TWH(EEX
#k : Capen C. C., et al, 1991, Endocrine System, in Handbook of Toxicologic Pathology, Academic
Press, pp 675-760; Gopinath C., et af, 1987, The Endocrine Glands, in Atlas of Experimental
Toxicological Pathology, MTP Press Limited, pp 104-121). Zh L D{ER A =X LAOEIZE
TH, WG O -0 & LM, TORMNELE JURH L PRI S KEER
ETHEN, TROLDOREERAICIIHALNIITEILIITER Mo .

RO Bxll, S UVRICEATEBOBRICELTH, FRBR&AETE TSH DX
{EiC X 3 ERESHAARMROMEEZBRTS. ZOERAN=XLEMITIIEDKE
i, REAREOIox D L LN, TORBMNEL, (VP RESLVE ERRHEE
ROFUEETe), PHEEES LUCFEXOFRASERCEETHS. JOIHFOHNHEE
BT, B3B3t T MROFEHMTZRDIRETHD.

pS3 /v 2T U b AR AV RER

RERIT pS3 ~TF O RATT AL FOFAREER L TEESN, B&HI%DaIVIHER
tefAfl % 26 EAREm A ¢, RETUE~VABLIOHER ATk b, FRED
FRBOTEARLA-ESIIRONT). FHETLIREZ SO LEEXIMRH TR LN,
REITHEFRESWICB VT a T U 1.5%B LU 3%E TR LN, AR TIL 3%
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HThhot-., £, REHBOKECEE /BN RLH, ZThAERBIZEWTEA
ETCEREPEZ > TV EOFREETETE b ofs. O EIEIARBOEROME
RICBWTEELMBEATHY, BRBREPEHLE I 2520 L.,

HELRILT : Hi7o72 ps3 < VU ARBREFEO MY A X025 L) TEETS. Z0OF, £TO
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GrETERET & THD.

5y b3k

AEREDT v FREBER IR TVLARY., ZHLORBRTHE, 37 VB 20 BRlOE
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Bed 6 AT v MOREES Ui & &2 GST-P it iteh o/, av PBORHRS
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RO BEMICE R, 7y FOEERSESAERBEFIEOR L REMED =
UBEMWTEETRETHS.
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IYPAZ L IDELEE, IV VBOpS3 v D ARBRTOREER (MERL) <y
A B TMEERO Ry 2 LR ERNE, v PEROITRBAENIE
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b fl

vy UEBEOIFMICE XEEE, BxIRSBIUOESREOREEEICE L TOBE 2%
ETHREDIZEETHILEOHDIERLYEER L.
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i, BEZBRETHIZESTRETHD. ZAbDHICEL, W20 MEICE LT
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Fmr lBL, BEXAEREGHBROMEIZTICHRBRETET, s A=X1b%
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Summary

The workshop began by consideration of a large set of experimental data on the fermentation
product kojic acid present naturally in some foods consumed in Japan and also in the past used
as a food additive to prevent enzymatic browning of crustaceans. This exercise was used as a
test case to help formulate the future strategy on the evaluation of risks posed by food and
food-related mutagens. Kojic acid has given variable results in a variety of in vitro and in vivo
genotoxicity tests, but was banned as a food additive based on weight of evidence that it is a
genotoxin of concern, and the fact that it is no longer used as a food additive in Japan. Mice
given high doses of kojic acid in the diet develop tumours of the thyroid and liver. Considering
the positive results of kojic acid in genotoxicity tests, it was deemed probable that genotoxicity

was involved in tumour initiation.

The workshop participants considered that although a large set of data from genotoxicity testing
is available, there are significant gaps in the data that preclude a firm conclusion that kojic acid

is a genotoxic carcinogen. Recommendattons include:

i) Investigating mechanisms of genotoxicity in vitro and in vivo including DNA
adduct studies
i) Investigate ADME and toxicokinetic parameters in vivo to help interpret in vivo

results, in particular to understand possible inter-species differences, the role of
metabolites and to determine exposure of target tissues to kojic acid and its
metabolites.

iii) Positive in vivo data from bone marrow micronucleus tests and the comet assay
were key to the decision to label kojic acid as a genotoxin of concern, however the
participants had concerns that some of the experimental protocols used may have
generated conflicting results that are difficult to interpret. It was recommended
that the rat micronucleus study should be repeated in adult animals and that the
comet assay be repeated using whole cells rather than isolated nucleoid bodies. It
was recommended that tail moment should be measured rather than tail length.

iv) Participants felt that the original p53 mouse study was compromised by low group
sizes and high inflammation rates (possibly indicating infection) in the study
animals. It was recommended that a new study should be carried out using the
currently accepted protocol.

v) All new studies must be conducted with high purity material devoid of mycotoxin

contaminants.
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vi) There is a plausible non-genotoxic explanation for the induction of thyroid tumours
in mice by kojic acid that can also explain the induction of liver tumours. It is
unclear if the liver tumours observed included malignant carcinomas. It is
recommended that the raw data, pathologists reports etc are reviewed (possibly the
slides re-scored) to determine if malignant tumours were induced.

vii) Ideally a lifetime rat carcinogenicity should be completed.

It was the view of the workshop participants that if DNA adducts cannot be demonstrated
in target tissues and the new p53 study is negative (i.e. no difference between transgenic

and wild-type animals), then it is unlikely that carcinogenicity is linked to genotoxicity.

The lessons from gained from the review of kojic acid data were that material must be of
defined quality (a challenge for food mutagens); the use of non-standard protocols lead to
difficulties in interpretation due to lack of validation; investigation and subsequent
understanding of mechanisms is critical; ADME studies can be critical to understanding in
vitro/in vive and inter-species differences; clarity is needed on the pathological
interpretation of tumour studies and finally even large volumes of test data do not
necessarily add to clarity of interpretation if the tests chosen do not yield usable information

or address key questions.

The workshop participants went on to consider genotoxins with thresholds of action i.e. can
levels of exposure be defined where exposure to genotoxins (especially those with an
‘indirect’ mechanism of action) does not present a concern to humans, and the impact of

potency in genotoxicity tests on risk assessment.

Obijectives

The JMHLW/JEMS has requested consultation to help develop a strategy in order to evaluate

the risk of genotoxicity from food and related substances. The consultants were requested to

identify any experiments that need to be done or to identify any databases that need to be

identified to help formulate the strategy.

Using the data on the fermentation product kojic acid as an example, the consultants were
asked:
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i) Which tests provided useful information?

ii) Which tests did not provide useful information?

iii) Can any quantitative assessment (e.g. potency) be made from any studies? If so
which?

iv) Are any mechanistic studies needed in order to further understand the genotoxicity

of kojic acid? If so what type of studies?

Kojic acid

Comments on the test data provided:

Genotoxicity studies

Bacterial tests: Ames tests were reproducibly positive, both with and without $9 metabolic
activation. Some evidence was provided that positive results were due to kojic acid itself
rather than any contaminants or metabolites. Mutation spectrum results showed that base-pair
transversions were induced. The possibility that the positive results obtained could have been
induced as a result of feeding effects due to carry over of amino acids/proteins was raised,
although it was noted that kojic acid was also positive in the Rec assay which would not be

affected by feeding effects.

Photo plasmid-relaxation assay: Positive results obtained in the presence of UVA. Results
suggest that superoxide radicals and hydrogen peroxide produced under these conditions.
Consultants were unsure of the validation of this assay. In addition, this hypothesis was not

supported when there was no enhancement by UV of mutation in TA102.

In vitro mammalian assays: Variable results obtained. Negative for sprr mutation in V79
cells and tk mutation in L5178Y cells but positive in TK6é and WTK1 gene mutation systems.
Positive in the majority of chromosome aberration assays at high concentrations (21000 pg/ml),
but negative in others, including assays in the same cell systems giving positives. Increases in
chromosome aberrations could not be attributed to high osmolality, but it was suggested they
might be associated with high cytotoxicity. Insufficient data were provided to evaluate this,
The chromosomal damage in CHO cells could not be attributed to oxidative damage when

assessed using the FPG-Comet assay. [n vitro micronucleus assays were considered negative
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in human keratinocytes, inconclusive in CHL cells (positive after 72 hr treatment but negative
after 6 hr treatment), positive in TK6 and WTK1 cells, and positive in HepG2 cells at a very

high, toxic concentration.

In vivo assays: Bone marrow micronucleus tests in the mouse (three studies, two in 6-7-weck
old mice) were negative (po and ip) despite high doses and up to 5 daily administrations. A bone
marrow micronucleus test in young (4-week old) rats (po and ip) and a peripheral blood
micronucleus test in young rats (po) were both positive 1 or 2 daily treatments). Consultants had
some reservations about the use of young rats (metabolic capability and clearance
compromised?) for these studies. Also unsure if the differences between mice and rats were due
to true species differences or due to the age of the treated animals. Recommendation: A bone
marrow or peripheral blood micronucleuns test should be repeated in older rats. If still
positive recommend that ADME studies are done in rats and mice to help understand the

inter-species differences.

A liver micronucleus test in the rat was negative. A liver micronucleus test in the mouse after
partial hepatectomy was positive. Consultants again were unsure if this reflected inter-species
differences in the opposite direction to the micronucleus tests or if the differences in protocol
were responsible.

A UDS test in rat liver was negative.

A dominant lethal test in the mouse was also negative.

Two LacZ mutation assays (in Muta™Mouse), one in male and the other in female liver, were

negative.

A Drosophila wing spot mutation assay was negative.

A DNA adduct assay in rat thyroid was reportedly negative.

Comet assays using cells from mouse thyroid and liver were both negative (but the reference
was not available). Comet assays (three) using the Sasaki method with nucleoids obtained from
mouse liver were positive (po and feeding) after high doses. Consultants were unsure if the

methodology used has affected the results. Recommendation: Comet assays should be

repeated comparing the whole cell method with the nucleoid method. Also recommended
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that DNA breakage should be estimated using tail moment rather than tail length.

It has been proposed that DNA adducts be investigated in rat liver. This may still be useful (in
light of GST-P foci — see later) but should also be done in the mouse. Recommendation:
DNA adducts should be measured in mouse liver using C14 labelled compound (as adducts
are likely to be small, P32 post-labelling may be inappropriate, could be checked by

running P32 post-labelling studies in bacteria).

Oxidative damage

Several studies investigated whether effects of kojic acid could be related to oxidative damage.
The studies discussed here are those not concerned with phototoxicity and UV interactions.
The evidence is mixed, and not strongly in favour of oxidative damage as a cause of
genotoxicity. Several strains in the Ames test showed increases in mutation, which is not
typical of an agent that acts primarily through oxidative mechanisms. The mutation spectrum
in the Ames assays was also not comparable with that of hydrogen peroxide. There was no
induction of comets in CHO cells or enhancement of this by FPG enzyme that recognises and
cuts DNA at the sites of oxidative lesions. An increase in 8-OHdG was reported in mouse
liver after 28 days of administration of kojic acid in the diet, but the increase may not be
significant when viewed in light of the variability of data presented. In addition, this technique

is fraught with technical difficulties, and therefore data need careful evaluation.

Carcinogenicity studies

Lifetime mouse study

Mice exposed to chronic oral administration of kojic acid develop thyroid adenomas

and liver tumours. Consultants were unsure if the liver tumours were all adenomas i.e. benign
or a mixture of adenomas and malignant carcinomas. The numbers quoted for control
incidence were too high for the tumours all to be carcinomas. Recommendation : the raw data
and pathology reports from the study should be checked to determine the nature of the

liver tumours.
As stated in the report from the study there is a very plausible non-genotoxic explanation for the

thyroid tumours. In kojic acid treated animals there is an tnhibition of iodine uptake. This

could lead to a subsequent decrease in serum T3/T4 levels and a compensatory increase in TSH
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released from the pituitary, resulting in stimulation of thyroid cell proliferation. In addition it is
known that T3/T4 levels and TSH levels return to normal within 48 h of withdrawal of kojic
acitd. This mechanism is unlikely to occur in humans due to a much better buffered thyroid

hormone level, and the much lower exposures of people to kojic acid.

However, the consultants felt that it is possible that the liver tumours observed may also bound
up with the effects in the thyroid. Kojic acid may induce liver enzymes (this is consistent with
increased liver weight in the chronic toxicity studies), and hence indirect effects in the thyroid.
Histopathological changes in the liver and thyroid suggest stimulation of the
hypothalamic-pituitary-thyroid axis. Liver weight increase and hepatocellular hypertrophy
may result from microsomal enzyme induction, which would increase the hepatic clearance of
thyroxine (T4), with a subsequent lowering of T4 levels in the serum. This change would then
cause an elevation of TSH secreted from the pituitary, and hypertrophy/activation of the
follicular cells in the thyroid. The rat is particularly susceptible to this type of change in
comparison to Man because of the shorter plasma half-life of thyroxine. As above, this
mechanism is unlikely to occur in humans. While the histopathological changes in the liver
for thyroid toxicants are generally not striking (hypertrophy and increased liver weight) and are
not always associated with an increased level of apoptosis, increased mitotic activity, the
changes may be promotable to pre-tumorigenic lesions (foci) and ultimately tumors. This is
particularly important at high doses, where frank toxicity-related findings (necrosis, increased
oxidative damage-related effects) constitute an additional risk factor. (For reference see Capen
C C et al, 1991, Endocrine System, in Handbook of Toxicologic Pathology, Academic Press, pp
675-760; Gopinath C et al, 1987, The Endocrine Glands, in Atlas of Experimental Toxicological
Pathology, MTP Press Limited, pp 104-121). In the context of these mechanisms of action, a
clear analysis of the histopathological picture, its time course and the metabolism and excretion
pathways is highly important. These aspect were not clear to the consultants.

Recommendation : consultants have now provided a possible non-genotoxic explanation of
the liver tumours induced by kojic acid through changes in thyroid hormones and TSH.
To investigate the proposed mechanism of action, a clear analysis of the histopathological
picture, its time course, metabolism (including induction of thyroid hormone related
metabolic enzymes), excretion pathways and liver hypertrophy is highly important. An

expert in this area should be invited to provide further advice and help interpret the data.

P53 knockout mice study

A study has been carried out in which mice, P53 heterozygotes and isogenic wild type, were fed
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diet containing up to 3% kojic acid for 26 weeks. Equivalent thyroid changes (but no tumours)
were seen in both the transgenic and wild type animals. Hepatic changes were also seen in both
strains, including adenomas. Adenomas were seen in both kojic acid groups (1.5% and 3%) in
the transgenic strain, but just in the 3% group for the wild-type. However, the consultants
were unsure of the significance of this study as the group sizes were smaller than in accepted
protocols (only 10 per group rather than 20-25). Also there was massive necrosis/infiltration
of inflammatory cells in each group of this study which may well signify a high incidence of

infection in the study.  This could compromise the study and invalidate the result.

Recommendation : A new P53 +/- study to be carried out with adequate group sizes (20-25),
histology of all major tissues, plus a wild type control. Test material should be of defined .

high quality and be mycotoxin free. Toxicokinetic evaluation should be included.

Rat studies

No lifetime rat study is available. Studies by Mitsumori et al have shown an increase in GST-P
foci (numbers and area) in liver after high exposures to kojic acid (2.0%, but not 0.5%).for 20
weeks. There was no effect on GST-P foci when 2% kojic acid was fed to rats for 6 weeks with
or without promotion by phenobarbitone. There was also a reported increase in replicative

DNA synthesis in rat liver after feeding kojic acid.

Recommendation : Ideally a rat lifetime carcinogenicity study should be completed with defined,

high purity kojic acid.
Conclusion
Most workshop participants felt that a negative (no tumours) mouse P53 +/-study of
kojic acid and lack of adducts in mouse liver may allow the conclusion that
carcinogenicity is due to non-genotoxic mechanisms and not linked to mutagenicity.
Following the assessment of kojic acid the consultants considered some generic factors that
need to be considered in setting future strategies on the control of food and food-related

mutagens.

Thresholds
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There are many different ‘indirect” mechanisms that can result in positive genotoxicity results,
which have a threshold dose/concentration below which genotoxicity is not induced. Some of
these mechanisms relate to saturatable metabolic detoxification systems, others to non-DNA
targets such as the spindle apparatus etc. It is even possible to define (low) thresholds for certain
direct, DNA reactive genotoxins, before DNA repair mechanisms become saturated. It is often
the case that published data on specific compounds are of variable quality and studies are not
always complete in terms of the standard range of internationally accepted minimum battery of
tests. The consultants felt that for genotoxins with a clear threshold and for unavoidable
genotoxins, the “Threshold of Toxicological Concern’ concept recently recommended by the EU
CPMP Safety Working Party in a draft new Position Paper on genotoxic impurities in drugs,
could be useful for defining ‘safe’ limits, possibly as an interim measure, whilst new acceptable
data are generated.

In discussion it was understood that thresholds cannot be defined solely by extrapolations from
dose response curves, but the genotoxic mechanism needs to be understood. It was also
recognised that thresholds defined in one cell type cannot necessarily be extended to all other
cell types, so additional adjustments would be needed to recommend acceptable limits. Even if
the genotoxic mechanism is understood, large experiments with closely spaced
doses/concentrations are needed to accurately identify threshold doses/concentrations. Statistical

advice is required to determine size and design of experiments with the desired power.

Potency

It has long been recognised that correlations of potency between genotoxicity tests and
carcinogenicity assays are fraught with difficulty as there are potent genotoxins that are weak
carcinogens and weak genotoxins that are relatively potent carcinogens. However compounds
that are potent genotoxins in a battery of genotoxicity tests in vitro and in vivo tend to be potent,
multi -tissue, multi-species carcinogens. In addition potency may be of value in ranking
compounds in a chemically related series of compounds, where there is already a known

correlation with carcinogenicity of some members of the series.

Weight given to different tests/follow-up tests.

Compounds that are unequivocally positive and reasonably potent in Ames tests are difficult to
over rule by follow up testing. This is not necessarily the case for mammalian tests where there
are more non-relevant, in vitro specific mechanisms that can give ‘positive’ results.  Generally

follow-up testing of in vitro positive compounds needs two in vivo tests.  The choice of in vivo
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test needs careful consideration of endpoint and relevance. The first test in the past has been an
in vivo bone marrow micronucleus test. If positive, no further testing is required (although
some mechanisms that generate ‘false positive’ results due to physiological or pharmacological

changes are now recognised ¢.g. hypothermia).

Conclusion

The analysis of the kojic acid data has been informative regarding advice for future strategies
for control of food mutagens and related materials. A clear strategy is needed in which
internationally recognised tests carried out to internationally recognised protocols provide the
backbone of the information required to make decisions. Adding inadequate tests and/or a
variety of non-standard, non-validated tests carried out using untested protocols does not

necessarily add data useful in decision making.

Consideration of thresholds and potency can be of value in attempting control of unavoidable
genotoxins. Some tests carry more weight than others do and careful selection of follow-up in
vivo tests of compounds giving positive results in vitro is needed to allow a final assessment of

risk to be made.
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2B 4

October 15, 2004

Dear consultants:

Japanese members appreciate very much constructive comments of consultants on our studies of

Kojic acid for establishment of strategy to evaluate risk of food and food-related mutagens.

We are working on Kojic acid (KA) to get comprehensive data that are required to clarify its

genotoxic-carcinogenicity, according to the comments raised by consultants.

At the Kamakura meeting, we presented a lot of data. We hope you understood the reason why
we carried out so many experiments which were in the same category as previously done by
some organization. Crucially important information about genotoxicity for risk assessment is in
vivo genotoxicity. To clarify in vive genotoxicity, in vitro genotoxicity should be first clarified.
However, available data indicted that some were negative and some were positive even in §.
typhimurium. Thus, we confirmed its génotoxicity in bacteria, and then using the same

guaranteed KA, we examined the effects of KA in mammalian cells and in mammals.

In vitro assay

1. We first confirmed that KA itself is mutagenic, using HPLC separation, and also by
mutation spectra. Based on these data, we evaluated that KA is mutagenic in bacteria.

2. Next, we confirmed genotoxicity in mammalian cells. For this study, we used 7K as a
marker gene because so far no study examined effect of KA on the ¢k gene even in mouse
lymphoma assay (the Hprt gene was used). It is considered that Hprt (or HPRT) is not
sensitive enough to detect large deletion, and TK is a sensitive marker for this. We used
human cells that can be considered more appropriate than rodent cells for evaluation of risks
to humans. TK assay and MN assay were positive, even after paying attention to the
cytotoxicity. In vitro comet assay was performed to confirm technical problems, because
comet assay is not validated yet. In this study, TK-6 and WTK-1 cells gave positive
responses at the same concentrations of KA in TK assay, MN assay and comet assay. Thus,
we could confirm that KA is genotoxic in human cells and the technique of comet assay
would be fine at least in vitro.

We think these studies are necessary to confirm genotoxicity of KA in mammalian cells in

vitro.
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In vivo assay

I.

As for in vive assay, as pointed out by the consultants, we used different ages of animals for
rats and mice, and obtained different results between rat and mice. We performed MN assay
using adult mice and rats after the Kamakura meeting. We confirmed that MN in the liver
was positive in mice but negative in rats. In these assays using adult animals, partial
hepatectomy was performed after administration of KA. MN in peripheral blood was
negative in mice and positive in rats. Thus, we will perform ADME study in rats and mice.
Comet assay:
1) Validation study of the methods using, so called, isolated nuclei and intact cells is
being planned at the international level.
2) Could you please let us know the differences between evaluation data for tail length
and tail moment?
DNA adduct assay. We consider that detection of DNA adduct is important to clarify the
mechanism of genotoxicity. Although size of DNA adduct produced by KA can be estimated
to be small, the specific radioactivity of “C-KA may not be sufficient to detect DNA
binding. Thus we will perform *’P-postlabelling analysis using DNA from KA-treated

bacteria as a positive control.

Carcinogenicity

1.

Unfortunately it is impossible to re-examine the histology of liver tumors induced by KA in
the study by Fujimoto et al. (1998). We agree that histological diagnosis should be accurate.
However, adenoma or carcinoma is not the matter for risk evaluation of carcinogenicity.
Even if all tumors induced by KA were adenomas, carcinogenicity is evaluated as positive.
If genotoxicity of KA is involved in the liver adenoma development, KA is assessed as
genotoxic carcinogen. We would like to hear from consultants if they agree this point or not.
If so, could you please explain why you insist diagnosis of carcinoma or adenoma?

As for carcinogenicity study using p53+/- mice for genotoxic carcinogens, we have
informed that this system does not necessarily work in liver carcinogenesis. Strong
genotoxic liver carcinogen, 1Q or aminophenylnorharman was not positive in p53* : p53™
studies. If you have any solid data indicating usefulness of p53™: p53*" study for liver

carcinogenesis, please let us know.

Photogenotoxicity of KA

1.

Recently, phototoxicity and photogenotoxicity becomes big concern in the safety evaluation
for pharmaceutical drugs and cosmetic ingredients, although test methods, however, have

not been well validated. Study of effect of UV looks not necessary to establish strategy for
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food and food-related mutagens at the moment, therefore, this topic might be discussed
separately. We, however, studied photogenotoxicity and included the data for consultation
data set. We evaluated photogenotoxicity of KA by DNA plasmid-relaxation assay, bacterial
gene mutation assay using TA102, and in vitro MN assay using TK-6 human lymphoid cells.
We used solar simulated lamp (UV-A, B and visible light) was used for DNA
plasmid-relaxation assay and in vitro MN assay and positive response was observed in the
both assays. But, a black light (UV-A) was used for the gene mutation assay and
photogenotoxic effect was not observed. The reason to explain this discrepancy could be the
light source used, becanse KA has absorption peak 270 nm and the wavelength of UV-A
ranged from 320 to 380 nm. We will confirm the effect of UVB in the bacterial
mutagenicity test system.

2. Although consultants were not familiar with DNA plasmid-relaxation assay, the method is
widely-used as a standard method to detect DNA strand scission. Nakagawa et al. evaluated
this method using 26 chemicals that had been evaluated mainly by in vivo
photo-skin-irritation assay. Among them, 17 chemicals were known as photo-toxins and 9
were non-photo-toxins, and DNA plasmid-relaxation assay showed good concordance (94%
photo-toxins were positive and 89% non-photo-toxins were negative) (Environ. Mutagen
Research 23, 107-118, 2001). '

Others
1. As for hypothalamic-pituitary-thyroid axis for liver and thyroid hypertrophy, could you
please kindly provide us the following references?
1. Capen CC. in Handbool of Toxicologic Pathology, pp675-760 1991.
2. Gopinath C, Atlas of Toxicogical Pathoology, pp104-121, 1987.
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Introduction to the symposium I: Assessment of low dose effect and threshold

Organizer: Makoto Hayashi (Division of Genetics and Mutagenesis, Biological Safety Research
Center, National Institute of Health Sciences); Tetsuya Ono (Medical Sciences, Graduate School
of Medicine, Tohoku University)

A RY Y LT, (CEDEOLRL2MEHET 2 LT, BABKTORBICEILS
T, BEWE Y OLIIZRET D ZEBFMEIEZELTHIW. —REETE, EZRD
MIZBITAEEREEZL LI, B b~OAROLDORLRE (FREERE) & LTH
= 104%, EAEZEI10/F0E 100 ETHET S Z LB —-BHNIfThbhTna. L,
DNA ZEFERNE T REHEC, REFEEEZREDOA DI =XLLTIBARE,
b bBIEEESAFEME (genotoxic carcinogen) ZHBEIITFEER Y, AEEZVHMIC
FTIFTHLINOOREMNERMNC 0 &R L3k, LEXLNRTHS. LAL,
DNA [Z2oW b E<IMERSNBEEEORRICEL RV I EBHMLNTWVWSL,
BADBEBRIZOWTHEL DRAT y THRNLETHY, BEFENEFNTHERLILEL
Th, BAZBERTIHIHEROTHOBSICLENLOLIELXLRARV. 8T, #
GERAECPHGEEBARKIIOWTS, REREZTITS LIV HE LV ALTOR
RIIMEZ DT EIFTREEE X 5.

BESHSOBRMBOMBEIKEREEFOMBICE S L IANKEY. -, R
BRIV IRV, BEXFEONWTHo LESERTIVENDHD. KRV T LTI
D2 oNT—EERIC, —BENE, BEEE PAREBOEROT —SIESW
BARKTORE, MECETAIEEETHLEBIZY RAZFHBEOE X FIZOWTER
RO,
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