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Project Title: Chromosomal Aberrations in Chinese Hamster Ovary (CHO) Cells

Project No.: 20990 Assay No. 17388
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‘Quality Assurance inspectionsof the study and reviewofthe final report ofthe above referencedproject were conducted according to the Standard Operating Procedures ofthe Quality Assurance
Unit and according o the general requirementsofthe appropriate Good Laboratory Practice
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STUDY COMPLIANCE AND CERTIFICATION

The study was conducted in compliance with the Good Laboratory Practice regulationsassetforth in the Food andDrugAdministration (FDA)Title 21ofthe U.S. Code of FederalRegulations Part 58. issued December 22. 1978, (effective June 20. 1979) with any applicable‘amendments. Therewereno significant deviations from the aforementioned regulations or thesigned protocol that would affect the integrityofthe study or the interpretationof the test results.The raw data have been reviewed by the Study Director. who certifies that the evaluation of thetest anticle as presented herein representsan appropriate conclusion within the contextofthestudy design and evaluation criteria.

All test and control results in this report are supported by an experimental data record and thisrecord has been reviewed by the Study Director. All rawdata, documentation. records, protocolanda copyofthe final report generated as resultofthis study will be archived in the storagefacilitesof Corning Hazleton Inc. for at least oneyearfollowing submissionofthe final report tothe Sponsor. Aftertheone year period, the Sponsor may electto havetheaforementioned.materials retained in the storage facilitesof Coming Hazleton Inc. for an additional period oftime. or sent to a storage facility designated by the Sponsor.

Submitted by:

Study Director

Hemalatha Murl, Ph.D. Study CompletionMammalian Cytogenetics DateDepartmentofGenetic and Cellular Toxicology
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ABSTRACT

The objective of ths in vitro assay was to evaluate the abilityof T6338 to induce chromosomal
‘abermations in Chinese hamsterovary (CHO) cells withand without metabolic activation.

For the dose rangefinding assays with and without metabolic activation. the test article was
dissolved in serile deionized waterat a concentration of S01 mg/ml. Concentrationsof 0.167.
0.501. 1.67. 5.01. 16.7. 50.1. 167. 501. 1670.and 5010 ug/ml were testedin the dose
rangefinding assays. All dosing was achieved usinga dosing volume of 1% (10.0 ulmi)
‘Complete cytotoxicity was observed in the cultures dosed with 501. 1670. and 5010 ug/ml in the
nonactivation assay and with 1670 and S010 ig/ml in the assay with metabolic activation. Very
few metaphases were available in the culture treated with 167 g/ml and a severe cell cycle delay
was observed. No cell cycle delaywas observed in the cultures analyzed in the metabolic
activation assay.

Based on the data from the dose rangefinding assay, replicate culturesof CHO cells were
incubated with 12.5. 25.0, 50.0. 75.0, 100. 150. and 200 g/ml in a 20.0 hour aberrations assay
without metabolic activation. Replicate cultures were treated with 125, 250, 500, 750, 1000, and1500 ug/ml with a 20.0 hour aberrations assay with metabolic activation. Cultures treated with
75.0, 100, 150, and 200 ug/mi from the assay without metabolic activationandcultures treated
with 125. 250. 500. and 750 ug/ml from the assay with metabolic activation were analyzed for
chromosomal aberrations. No significant increase in cells with chromosomal aberrations was
observed at the concentrations analyzed.

‘The test anicle. T6358, was considered negative for inducing chromosomal aberrations in CHO.cells with and without metabolic activation.

CHV Study No.: 17388-0437 6
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Chromosomal Aberrations in Chinese Hamster Ovary (CHO) Cells
With T6358

10 SPONSOR: 3

20 MATERIAL (TEST ARTICLE):

21 Client's Identification: T6358

22 Dae Received: January 16.1996

23 Physical Description: White powder

24 Genetics Assay No.: 17388

30 TYPEOF ASSAY: Chromosomal Aberrations in Chinese Hamster Ovary (CHO) Cells
40 PROTOCOLNO.: 437, Edition 15

50 STUDY DATES:

5.0 Initiation Date: January 18. 1996

52 Experimental Start Date: January 30. 1996

$3 Experimental Termination Date: March 20, 1996

60 SUPERVISORY PERSONNEL:

6.1 Study Director: Hemalatha Murl, Ph.D.

62 Laboratory Supervisor: Carol S. Spicer, B.S.

70 OBJECTIVE:

The objectiveofthis in vitro assay was to evaluate the ability of the test anticle, T6358. toinduce chromosomal aberrations in Chinesehamster ovary (CHO) cells, with and without‘metabolic activation.

CHV Study No.: 17388-0-437 7
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80 RATIONALE:

“The assay is designed to establish whether the test antile or its metabolites can interact
with cellso induce chromosome breaks. Chemically induced lesions may result in
breaks in chromatin that are cither repaired by the cell in suchawayasto be undetectable
or result in visible damage. Aberrationsareaconsequenceoffailure or mistakes in repair
processes such that breaks do not ejoin or rejoin in abnormal configurations (Evans,
1962).

The assay is designed to examine cells in the first mitosis afer initiationof treatment witha chemical. This design limits lossofaberrant cells during the division process orconversion into complex derivatives during subsequent cell cycles. In the case ofCHOcells. most dividing cells examined 8-12 hours afer treatment are in the first mitosis (M,cells). Many test articles cause severe delayofprogression through the cell cycle. and the
assay hasbeen designed to detect this delay and allow for slower growth of damagedcells by adjustments in the time between treatment and cell fixation.

90 EXPERIMENTAL DESIGN:

Results from the rangefinding assay were used to determine the dose range to be used inthe chromosomal aberrations assay and to determine the optimal timeofharvest of thedosed cells so that primarily metaphase cells which were in the first metaphase since‘exposure to the test article would be analyzed for chromosomal aberations. In therangefinding assay. the cultures were incubated for 25-26 hours with 5-bromo-2'-
deoxyuridine (BrdUrd). This enabled the majorityofcells to progress through about twocell divisions, thus providing a ful assessmentofcell cycle kinetics. A summaryofthetreatment schedule for the rangefinding assay is given below.

—_—
Test Testicle Wash BrdUrd Wash Coleemid® Fixation—= TPldWash Coleemid® Fixation
-s9 0 S22 sa 287 77
+59 0 2 2 257 27—_—B77

In the chromosomal aberrations assays, replicate cultures were used at each dose level.Single cultures were used for the negative control, solvent control, and at each of two.doses of the positive control. In the aberrations assay with and without metabolic:activation. 20 hour harvests were conducted. Chromosomal aberrations were analyzedfrom the cultures treated at the four highest dose levels and from oneofthe positive.control doses. A summaryofthe treatment schedule for the chromosomal aberrationsassays is given below.

CHV Study No.: 17388-0437 3

000873



’ CORNING Hazleton

‘SummaryofChromosomalAberationsAssasTsaumentScheduleinHous
Ter TemAmce| Wah | Colemid®  Fiaion
“so ° 1s is 0
-s0 ° 2 8 x

100 MATERIALS AND METHODS
101 Indicator Cells,

The Chinese hamster ovary cells (CHO-WBL) usd n this assy were froma.permanent cel in and wer originally obained fom the aboratory of Dr. 5.
Wolff. UniversityofCalifomia. San Francisco. The cells have since been
recloned to maintain karyotypic stability. This cell linehas anaverage cycle timeoF 1210 14 hous with modal chromosome numberof 21

102 Cell Culture Medium,
The CHO cells were grown in McCoy's 5a culture medium which wassupplemented wit 10% eal bovine serum (FBS). 19Lgluamine. and 1%penicillin and septomycin at approximately 37°C. in an atmosphereof shout$40, nai.

103 Negaive and Solvent Conrls
10 th nonacivation assays. negative controls wer cultures which contain anlyell and culture medium. Solvent controls were cultures conning he solventfor he test ancl, ste deionized water. a the higheos concentration used staltres (1%, i... 10 lm. Inthe activation aay, he negative and soventconuswerthe sameas described in he nonaivaton <ssys but with he $9stivation mix included

104 Posive Control Agents
The positive control agents wich were use in the assays were mitomycin C(MMC) forthe nonacivaion series and cyclophosphamide (CP) in he metalicactivation series Mitomycin C (CAS# 5007.7, Sigma. Lot 4 25H0G19 0.clastogentatdoesot require metabolic activation. Cyclophosphamide (CAS #605519-2. Sigma, Lot # 67FO1SS) docs not at diretly but mabecomer to

CHV Study No. 17388.0.437 5
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activ intermediates by microsomal enzymes. In the rangefinding assay. two
concentrationsof MMC (0.25 and 0.50 g/ml) and CP (15.0 and 20.0 pg/mi. In
the chromosomal aberrations assays. two concentrations of MMC (0.08 and
0.10 ug/ml)andCP (10.0 and 15.0 g/m)were used to induce chromosomal
aberrations in the CHO cells. Oneofthe dose levels was analyzed in eachof the
aberration assays. Both MMC and CP were dissolved in water.

105 Rangefinding Assays:

In these assays. the cells were cultured for approximately 24 hours prior to
weatment by seeding approximately 0.3 x 10° per 25 cm lak into § mi of
complete McCoy's 5a culture medium.

105.1 Assay Without Metabolic Activation:

‘The cultures were dosedwihthe test articlefor2.2 hours when S-bromo-
2-deoxyuridine (BrdUrd) was added at a final concentration of 10 uM.
The cultures were washed 23.3 hours later with phosphate buffered saline
and fresh complete medium containing BrdUrd at afinal concentration of
10 uM, and Colcemid® (final concentration 0.1 pg/ml)was added. The
cultures were then harvested two hours later and differentially tained for
the analysis of cll cycle delay using a modified fluorescence-plus-Giemsa(FPG) technique (See Sections on Harvest and Slide Preparation and
Staining).

1052 Assay With Metabolic Activation:

In this assay, the CHO cells were exposed to the test rile for two hours
at =37°Cinthe presence ofaat liver 9 reaction mixture (9 15 ulmi,
NADP 1.5 mg/m, and isocitic acid 2.7 mg/mi). The SO fraction
(Molecular Toxicology. Inc., Lot #0583) was derived from the liver of
male Sprague-Dawley rats whichhadbeen previously ested with Aroclor
1254 10 induce the mixed function oxidase enzymes which are capable of
‘metabolizing chemicals 10 more activ forms. The two hour incubation.
timewasused because prolonged exposure to the S9 mixture might be
toxic to the cells and the enzyme activiyof S9 is lost rapidly at =37°C.
‘The medium did not have FBS during the exposure period to avoid
possible inactivation ofshort lived and highly reactive intermediates
produced by the S9 enzymes by binding to serum proteins.

CHV Study No.: 17388.0437 10
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fer the exposure period the cels were washed twice with buffered
saline. Complete McCoy's 52 medium coaining BrdUrd (final
concentration 10 uM) was added (0 the cultures which were then
incubated for 25.5 hours with Colcemid® (final concentration 0.1 ug/ml)
added for the ast 2.0 hour. The cultures were then harvested. fixed. andslides were prepared andstainedas was described for the nonactivationrangefinding assay.

1053 Assay Evaluation:

One. hundred consecutive metaphases rom thc dose levels with
metaphases from the assay without and with metabolic activation (103from the solvent control rom th activation assay) were assessed fo thenumberofcell cycles through which th cells had progressed while in the
presenceof BrdUrd.

106 Aberrations Assay Without Metabolic Activation:
Cultures were initiated by seeding approximately 1.2 x 10° cells per 75 cm? flaskinto 10 mlof complete McCoy's Sa medium. One day ater culture ination thecells were incubated at =37°C with the est article at predetermined doses for 17.5hours. The cultureswere then washed withbufferedsaline and completeMcCoy's 52 medium containing 0.1 wg/mi Colcemid® was placed back ono thecells. Two hours later, the ells wereharvestedand ir dried slides were made.The sides were then stained in § % Giemsa solution for the analysis ofchromosomal aberrations.

107 Aberrations Assay With Metaboli Activation:
Cultures were initiated by seeding approximately 1.2 x 10° cells per 75 cm? flaskinto 10 mlof complete McCoy's Sa medium. One day afer culture initiation, thecultures were incubated at =37°C for2 hoursin the presence ofthe test article andthe S9 reaction mixture in McCoy's Sa medium without FBS. Afierthe2 hourexposure period, the cells were washed twice with buffered saline and the cellswererefedwith complete McCoy'sSa medium. The cells were incubated for thefest ofth culture period up to the timeofharvest with 0.1 g/m Coleemid®present during th lat 2.0 hours of incubation. The metaphase cells were thenharvested and prepared for cytogenetic analysis.

CHV Study No: 17388-0437 n

000876



‘CORNING Hazleton

10.8 Harvest Procedure:

Prior to the harvest of the cultures. visual observationsoftoxicity were made.These observations includedanassessmentof te percent confluence of the cell‘monolayer within the culture flasks. The cultures were also evaluated for thepresenceofmitotic (large rounded cells)ordead cells floating in the medium. Themetaphase cells were collected by a mitotic shake-off (Terasima and Tolmach.1961) and were treatedwith 0.075 M KC! hypotonic solution. This treatmenthelps to swell the cells and thus disperse the chromosomes, The cultures werethen fixed withan absolute methanol: glacial acetic acid (3:1, viv) fixative andwere washed several times before air-dried slides were prepared.
10.9 Slide Preparation and Suining;

Slides were prepared by dropping the harvested culturesonclean slides. Theslides from the rangefinding assays were differentially siined using a modifiedfluorescence-plus-Giemsa (FPG) technique (after Perry and Wolff. 1974: Goto, et21. 1978). The slides were stained in Hoechst 33258 stain, exposed to ultravioletlight. and then stained with Giemsa Azure B stain. The slides prepared from theaberrations assay were stained with 5% Giemsa solution for the analysis ofmitotic chromosomal aberrations. All slides were then air-dried and cover slippedusing Depex® mounting medium.

10.10 Aberrations Analysisand Assay Evaluation:
(Cells were selected for good morphology and only cells with the number ofcentromeres equal to the modal number21 = 2 (range 19-23) were analyzed.
One hundred celsfromeach replicate culture at four dose levelsofthe test article,and from the negative and solvent control cultures were analyzed for the differentpesof chromosomal aberrations (Evans, 1962; See Section 15.0). At least 25cells were analyzed for chromosomal aberrations from oneofthe positive controlcultures. For controlofbias,all slides exceptfothe positive controls were codedprior to analysis. Cells with aberrations were recorded on the data sheets by the‘microscope stage location.

‘The following factors were taken into account in the evaluationofthe:chromosomal aberrations data:

1. The overall chromosomal aberration frequencies.

CHV Study No.: 17388-0437 2
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112 Rangefinding Assay Without Metabolic Activation

Floating debris.no cell monolayers. and no visible mitotic cells were observed in
the cultures dosed with 1670 and $010 ug/ml. Unhealthy cell monolayer. floating
debris. =159% reduction in the cell monolayer confluence. and no visible mitotic
cells were observed in the culture treated with S01 pg/ml. Unhealthy cell
‘monolayer. floating debris. =15% reduction in the cell monolayer confluence. and
sever reductions in the number of visible mitotic cells were observed in the
culture treated with 167 g/ml. _Toxicity was manifested on the slides prepared
from ths culture by the availabiltyofonly 89 metaphases. Cell cycle kinetics
were evaluated in the cultures treated with 16.7, 50.1 and 167 pg/ml (Table 1)
Severe cell cycle delay was observed in the culture dosed with 167 ug/ml. Based
on these results. a 20 hour harvest was selected for testing concentrations of 12.5.
25.0.50.0, 75.0, 100. 150. and 200 g/m in the nonactvation aberrations assay.

113 Rangefinding Assay With Metabolic Activation

Floating debris, no cell monolayers, and no visible mitotic cells were observed in
the cultures dosed with 1670 and S010 g/ml. No visual signsoftoxicity were
observed in anyofth other cultures. Cell cycle kinetics were evaluated in the
cultures treated with 50.1, 167. and 501 ug/ml (Table 1). No cell cycle delay was.
observed inthe cultures analyzed. Based on these results. a 20 hour harvest was
selected fo testing concentrationsof 125. 250. 500. 750. 1000, and 1500 g/m in
the aberrations assay with metabolic activation.

114 Chromosomal Aberrations Assay Without Metabolic Activation

Unhealthy cell monolayers, =30% reduction in the cell monolayer confluence, and
severe reductions in the numberofvisible mitotic cells were observed in the
culture treated with 200 ug/ml. Toxicity was manifested on th slides prepared
from these cultures by the presence ofmany interphase cells and sparse numbers
of metaphases. Unhealthy cell monolayers, =15% reduction in the cell monolayer
confluence, and reductions in the numberofvisible mitolic ces were observed in

the culture treated with 150 ug/ml. Slightly unhealthy cell monolayers, sight
reductionsinthe numbersofvisible mitotic cell, and =15% reduction in the cell
monolayer confluence were observed inthe culture trated with 100 pg/ml.
Chromosomal aberrations were evaluated from the cultures treated with 75.0,
100. 150. and 200 ug/ml (Table 2). No significant increase in cels with
chromosomal aberrations was observed at the concentrations analyzed.

CHV Study No.: 17388-0437 1
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‘The sensitivityof the cell culture for inductionof chromosomal aberrations is
shown by the increased frequency of aberrations in the cells exposed to
mitomycin C. the positive control agent. The test anicle is considered negative
for inducing chromosomal aberrations under nonactivation conditions.

115 Chromosomal Aberrations Assay With Metabolic Activation

No cell monolayers and no visible mitotic cells were observed in the cultures
dosed with 1500 ug/ml. Dead cell monolayers, no visible mitotic cells. and <5%
cell monolayer confluence were observed in the cultures dosed with 1000 ug/ml.
Slighily unhealthy cell monolayers. floating dead cells. and =15% reduction in the
cell monolayer confluence were observed in the culture treated with 750 g/m.
‘Toxicity was manifestedonthe slides prepared from these cultures by the
availabilityof sparse numbers of metaphases. Chromosomal aberrations were
evaluated from the cultures treated with 125, 250, 500. and 750 ug/ml (Table 3)
No significant increase in cells with chromosomal aberrationswasobserved at the
‘concentrations analyzed.

‘The sensitivityofthe cell culture for inductionofchromosomal aberrations is
shown by the increased frequencyof aberrations inthecells exposed to
cyclophosphamide, the positive control agent. The test article is considered
negative for inducing chromosomal aberrations under conditions of metabolic.
activation.

120 CONCLUSION:

‘The test anicle, T6358. was considered negative for inducing chromosomal aberrations inCHO cells with and without metabolic activation.

130 REFERENCES;
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140 EXPERIMENTAL DATA TABLES
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TABLES
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TABLES

‘CONTROL DATA OF CHROMOSOME ABERRATIONS IN CHINESE HAMSTER OVARY CELLS95 THROUGH 1295
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15.0 DEFINITIONS OF CHROMOSOME ABERRATIONS FOR GIEMSA STAINED CELLS

NOT COMPUTED

TG Chromatid gap: (“tid gap"). An achromatic (unstained) region in
one chromatic, the sizeofwhich is equal to or
smaller than the widthofachromatic. Theseare
noted but not usually included in final totals of
‘aberrationsas they may not al be true breaks.

SG Chromosome gap: (visochromatid gap, IG"). Sameaschromatid gap
buta thesame locus in both sister chromatids.

UC Uncoiled chromosome: Failureof chromatin packing. Probably nota true
aberration.

PP Polyploid cell Acell containing multiple copiesofthe haploid
‘number(n)ofchromosomes.Not countedinthe
cells scored for aberrations.

E  Endoreduplication: an cell in which separationof chromosome pairs.
has failed. Not counted in the cells scored for
aberrations.

SIMPLE

TB Chromatic break An achromatic region in one chromatid, larger
than the widthof a chromatid. The associated
fragment may be partially or completely
displaced.

SB Chromosome break: Chromosome hasaclear break,formingan
‘abnormal (deleted) chromosome with an acentric
fragment that is dislocated.

DM "Double Minute * fragment: ‘These are small double dots, someof which are:
terminal deletions and some interstitial deletions
‘and probably small rings. Theiroriginsare not
distinguishable.

CHV Study No.: 17388-0437 2
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COMPLEX

ID Interstitial deletion: Lengthof chromatid "cut out” from midregion of
a chromatid resulting in a small fragmentofring.
Iying beside a shortened chromatidof a gap in the
chromatid.

TR Triradial An exchange between two chromosomes. or one
‘chromosome and an acentric fragment, which
results in a three-armed configuration.

QR Quadri radial: As tiradial, but resulting in a four-armed
configuration.

D  Dicenric: An exchange between two chromosomes which
results in a chromosome with two centromeres.
This is often associated with an acentric fragment
in which case it is classified as DF.

DF Dicentric with fragment.

TC Tricentric: An exchange between two chromosomes which
results in a chromosome with three centromeres.
Often associated with two to three acentric fragment
(AF). Such exchanges can involve many
chromosomes and are named as follows:

QC Quadricentic: four centromeres, up tofour AF
PC Penucentric: five centromeres,upto five AFHC Hexacentric: six centromeres, up to six AF

R Ring A chromosome which forms acircle containing a
‘centromere. This is ofien associatedwithan
centric fragment in which case it is classed as
RE.

RC Ring Chromatid: Single chromatid ring (centric).

RF Ring with associated acentric fragment

CHV Study No.: 17388-0437 2
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Cl Chromosome Intrachange: Exchange within a chromosome: €.g.,a ring that
does not include the entire chromosome.

T Translocation ‘Obvious transferof material between wo
chromosomes resulting in two abnormal
chromosomes. When identifiable.scoredas “T"
not "24b."

AB Abnormal monocentric chromosome. This isa
chromosome whose morphology is abnormal for
the karyotype, and often the result ofa
translocation, pericentric inversion. etc

Classification usedif abrormality cannot be:
ascribed to; €.8.,a reciprocal translocation.

OTHER

GT A cell which contains more than 10 aberrations.
A heavily damaged cell should be analyzed to
identify the typesofaberrations and may not
actually have>10,e.g., multiple fragments such
as those found associated with a tricentric.

CHV Study No.: 17388-0437 2
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PROTOCOL No. 437, EDITION 13

CHOWOSOMAL ABERRATIONS TN CADNISE BANSTER
ovary (cao) cris

Gorning Hasieton Inc. (GV) will conduc this study in compliance wich GoodLaboratory Practice (GLP) Regulations. This prototal, critical phase(s) ofche work In progress and the final repore will be subject to audit by QualityAssurance in accordance with SOPs at Corning Hazleton Inc. The study will beConducted by CHV at 3300 Leesburg Fike. Vienna. Virginie 72102.
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Dececnination of the est article stabilicy and the test articlecharaceeristics as defined in the GLF Tepuiations is ihe responsibilityof the Sponsor.

IV. HOTIPICATIONOFRecULATORY STBGSSION
In order to comply wich the GLP regulations, consulting laboratoriesmst be nocified if all or pare of a study is intended for regulatorysubmission. CHV maintains 4 mascer schedule of studies which all underCegulatory review. Please indicate vhich agency. Lf any mighe receiveChe results of this study
= — —_ —ndecernined od ron Lom eatsen od eea.riema
2 wer TZ ow Tome C0 om
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PART 2 STUDY PROTOCOL
CHROHOSOMAL ABERRATIONS IN CHINESE EAMSTER

OVARY (CBO) CELLS

1 ommerve
The objective of this in vicro assay ie to evaluate the ability of atest article to induce chromosomal aberrations in Chinese hamster ovacy(CHO) cells with and without an exogenous metabolic activation syscem.

mn. perros
Structural changes and reacrangesents result from damage to the geneticSatecial and can be analyzed in cultured cells. Chromosomal breaks aresutations: aany carcinogens cause chromosomal damage and chromosomalchanges have been associated wich cancer. Chromosomal aberrations aretherefore & relevant test for potential mutagens and carcinogens.
Numerical aberrations or variations from the normal chromosonsl numberare not scored in a continuous cell line such as CHO cells, and are aotdetected in an assay such as this in which cells pass through only onedivision cycle before analysis.

©Chromosomalsheccacion: damage expressed in both sister chromatids atthe same Locus, or the exchange between both chromatids of mee thanone chromosome.
©Chromatidsherration: damage seen in a single chromatid, or exchangeBetween chromatids.

III. RaTIoMALE
The assay aims to establish whether the test article or its metabolitescan intecace wich cells to induce chromosomal breaks. Chemicallyinduced Lesions may result in breaks in chromatin that are eitherFepaized by the cell in such a way as to be undetectable of Feseit invisible damage. Aberzations are 4 consequence of failure or mistakes insepar processes such that breaks do not rejoin of rejoin in bnormalconfigurations (reviewed by Evans. 1962)
Aberrations are examined vhen cells enter mitosis for the first timeafter chemical exposure, before they can be lost during the divisionProcess or be converted into complex derivatives during subsequent celleycles. In the case of the CHO cells used here, most dividing
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Cells examined 8 to 12 hours after treatment are in their First mitosisi cells). However, many test articles cause sevece delay of progres:sion through the cell cycle, and this assay has been designed to oorerthis delay and allow for sicwer grovih of damaged cells by adivstmencsin the time becween trescment and cell fixation (see Section oa)

vo mmm
A Zestcells

The CHO cell line wes derived from an ovarian biopsy of » Chinesehamster. Cells to be used in this assay (CHO-WBL) ace a. subeiemeoriginally obtained from Dr. 5. Wolff. University of califorsis:San Francisco. The cells vere subsequently secloned in thisLaboratory to maintain karyotypic stability. The CHO-WBL subclonejs 8 permanent cell Line with an average cycle time of 15 vo 10Roues with a modal chromoscae number of 21,
5. cell Culture conditions

CHO cells will be grown in McCoy's Sa culture medium supplementedwith approxinately 102 fetal calf serum, Loglucamine (a).penicillin (100 units/al) and streptomycin (100 ng/ml) GulcuresYALL be incubated with Loose caps in 3 humidified incubator or37°C 22°C in an atmosphere of St + 1.5% COp in sir.
©: ZestFortveoplasmsContamination

Hycoplases testing is performed routinely by examination of slidesSeained wich Hoechst 33258 and observed under OV microscopy.Hycoplasas are detected as small. intensely fluorescent snacksover the cytoplasmic cegion of the cells. Any comtaminstion wouldbe £apidly recognized both from che fluorescent. seained appearance20d from 3 decreased uptake of BrdUrd in the cell cyere doing eer(Section V.3.2.60)
©. Racvocrpesubilicy

Karyotype stability is under constant scrutiny because the end.Poin of che assay is cytogenetic analysis. To ensure saminSeabilicy, cells will be used thac have been cloned (eto sry andsubsequencly scored in liquid nitrogen. These stocks have wadersSone 3-6 transfers in culture before cryopreservation. SammieiLL be thaved periodically, recultured teice a weer. anddiscarded after about eight veeks of continuous culture.
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E. less aruicle
Solid or liquid test articles are suitable for this assay. Thetest article is dissolved in an appropriate solvent such as serumfree culture medium, vater, dimethyl sulforide (DMSO). schazel, eracetone. Serial dilutions vill be carried out so a3 fo achievedesired final concentrations by addition of 0.05 al per 5 mlculture aedium, unless insolubliity requires 4 larger volume. Themaximum final Concentrations of solvent in the culture will be,unless otherwise specified by the Sponsor. up to -807 culturemediun, up to 101 water, 11 DHSO or ethanol. or 0.31 acetone. Thetest compound solution will be prepared immediately before use.

F. control Articles
3. NegativeandSolventControls

Hishoutactivation: Negative controls will be cultures vhichcontain only cells and culture medium. Solvent controls willbe cultures containing the solvent for the test article atthe same concentration used in test cultures.
Hithactivation: Negative and solvent controls, as definedabove. will be treated with $9 activation Bix in the same vaya5 the test cultures.

2. Posisive concrols
Known mutagenic and chromosome breaking agents will be usedat two concentrations to ensure adequite resuitss but onlyone concentration will be chosen for aberration dnalysie:
Withoutactivation: Mitomycin C (4) is a clastogen thatdoes not require mecabolic activation. MIC will be dissolvedin water and used at £imal concentrations of 0.2 to 0.5 ng/mlin the rangefinging assay, 0.5 to 1.0 uglal for firacion st8-12 outs, and 0.040 to 0.100 wg/al for later fixation.
ithaceivasion: Many sucagens do not act directly but mustbe converted to active incermediates by sniymes found inmicrosones. An example is cyclophosphamide (CP). used here85 che positive control to demonstrate the activicy of the 53mecabolic activation system. CP will be dissolved in aterand used at final concentrations of 10 to 30 uglal in therangefinding assay, 10 to 30 ugal for fixation ac 8 to 12hous. and 10 to 25 wg/al for later fixation.
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©. IheMetabolic ActivacionSrsten

The in vitro metabolic activation system consists of rat Liverenzymes and an energy producing system necessary for their Fac.tion (NADP and isocitric acid). Enzymes are contained n'aPrepazation of liver microsomes (59 fraction) from rats rceatedAth Aroclor 1234 to induce encymes capable of transformingchemicals to more active forms. The So fraction. prepiessinsuctose or in potassiu chloride from male Sprague baciey roca,is purchased from comercial suppliecs and is retained frosen acapproximacely -80'C uncil use. Aliquots of this $9 fraction willbe thaved immediately before use and added to a ‘core. pono irsmixture to form the activation system descrives berow:

ADP (sodium sale) Ls mglal (1.8m)Isocicric acid 2.7 mpial (10.5 mn)Homogenate (59 fraction) 1520 wl/ale,
Vv. Eempoma pssion

A. SolubilityandDoseDetermination
The naxiaun dose will be determined on a case by case basis[aking into account both solubility and any relevant cysotomicicyinformacion available on the test article. The higher seerSeated vill be 5 ag/al, unless higher doses are specified by cheSpenser. A range of doses covering five orders of sagaivus traDL-log series will be cesced in the preliminary rangeindingtest unless a dose range is specified by the Sponsor. If eoSolubilicy information has been provided by the Sponior. aprelininary solubility test will be carried our wich seeriledeionized water, serum-free culture medium Duo. sthaner orpcetone. Stock solutions in DMSO or echanol will be aiiates onehundred-fold in culture mediun in a precipitate seer. seersolutions in acetone vill be diluted 1:200 in culture medion in aprecipitate test. The solvent selected will be the on cuimnBives the best solubility after dilution in mediee.

Ie smeunc of 59 homogenate per culture will depend on she lot of $3 inUs,Sr any time. Each lot of So homogenace is reseed when porciiasySofors uae in the assay. Because che protein content o° 85 hosmpenseevases dmong lots, $9 at various concentrations is resced agoSiference chemicals, such as cyclophosphamide, benzoin) pyrene nnGamectyinitrosenine. The optimum $5 concentration 1s seiecred. based onSa%ction of| rser chromatid exchanges in CHO cells, and ehis amen ofS945 used in subrequent assays with that particele lon oe og
“19s
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In some cases. test articles ace apparently insoluble in solventsthat are compatible with tissue culture. In Such cases, thevehicle chosen and the highest dose tasied will be that in whichan evenly dispersed suspension can be prepared.
The top dose tested for liquid test articles in the rangefindingassay uAll be 5 ng/ml. vhich say also be calculuted fos thespecific geaviey. Solubility testing will be the same asdescribed above

5: RangefindingandDeterminationofFission Tine
i. pastomle

Host imown chemical clastogens (chromosome breaking agents)Tequize a period of DA synthesis to convert initial DUAdamage into chromosome alterations visible ac mitosis. Hanycells bearing aberracions may not complete the divisionprocess successfully and say die. The cine of fixation forchecmosone preparation is thus selected to allow cells to gochrough DNA synthesis (S-phase) and reach the first mitosisafter treatment. Since under normal circumstances the cell€ycle of GHO-VBL cells is about 13 hours, fixation 8 to 11houcs after addition of test article will collect cells inthe first mitosis after the beginning of treatment. However.many clastogens inhibit progression of cells through the.cycle. and damaged cells vhich recover enough to progress tomitosis will not be collected at an 8-11 hour fixation time.As an altesnative to carrying out several tests in whichcells ace fixed at 4 series of times in order to aveid mss.ing a “peak” of abercation yield, a preliminary Assessment ofcell cycle delay vill be made by differencial staining.Cells vill be grown in the presence of the base analogue 5-bromo-2 deoxyuridine (3rdUcd): after two cell cycles, onesPALE of a chromosome (sister chromatid) will be sore heavilysubstituted with BrdUrd than the other. This chemical difference Causes the chromatids to differ in the reaction withthe stain. The characteristic staining paciern of a cellthat has undergone two coaplete cell cycles with BraUed (M;cells) is a clear differentiation between chromatids slongthe complete lengeh of every chromosome. In the CHO-VEL cellsystea. approximately 831-1002 of cells fixed after 26 hoursexposure to BraUe show this Hy staining patcern. After onlyone cell cycle, chromatids are evenly seained (H, cells).After sore than one cycle but less than two complete cycles.incermediate patterns ace found in which only parcs of thechromosomes ace differencially scained (Hs). ‘Thus, if the
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cell cycle is sloved down by the test article, both by and
Mir cells will appear in the preparations sade afcec 36 hours
in BrdUcd. An estimate of the degree of cell cycle delay may
be made fron the frequencies of ¥ cells. The fixation time
for the subsequent chromosome aberration test vill then be
selected to ensure that mort Cells ace in their first meca-
Phase after treatment, alloving the progression of damaged
Cells to the division stage

2. PreliainacyTestfocToxicityand GellCrcleDelay
Cultures ace seeded at about 0.3 x 10% cells per 25 calplastic flasks in 5 al of fresh culture medium. one flaskwill be initiated for each treatment (10 dose levels of theSponsor requested doses, solvent, negative and positive
controls).
a. Zestwithoutsecabolicactivation

The day after culture initiation, solvent or test articlewill be added to the cultures. Incubacion at about 37°CWill be continued for about 2.0 to 2.5 hours vhen Bravrd(inal concentration 10 kM) will be added and the cul-cures vill be cecurned to the incubator for 4 otal ofabout 25.5 to 26.5 hours before fixation. Approximately2.0 to 2.5 hours before fixation, che cell monolayersWill be vashed with phosphate buffered saline to removewhe test article. and fresh medium will be added which
contains Colcenidd at 0.1 ug/ml and 3rdUsd at 10 ui.
Incubation with Colcemid® will continue for about 1.0 to200 house.

b. Zest wich che setabolic activation svsten
One day after culture initiation, culture sediun will beremoved and the cells will be vashed once with phosphatebuffered saline to remove secun. Cells vill chen beincubiced at about 37°C for about 2 houts in the presenceof the test arcicle, the 59 reaction mixture. and grovinediun without fetal calf serum (FCS). The short incuba-tion tine is used because prolonged exposure to che $9mixture is toxic to cells: also encyme activicy is lostcapidly at 37°C. Serum is oaiteed to avoid possibleinactivation, by binding to serum proteins. of shori-
lived, highly reactive intermediates produced by $9enzymés. After the 2 hour exposure period, the cellsAll be vashed ac least twice with buffered saline. and
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Bormal groveh medium containing 102 FCS and 10 kn BrdUrdWill be added. Incubation will be continued for about
25.5 to 26.5 hours, vith Colcenid® (0.1 ug/al) added forthe last 1.0 to 2.0 hours of incubation

c. Sumacy of Treatment Scheduler

sooac oms)
Ist ome) we ged ue Glee fede
waa : ows as asses8 FE ab 8 ; aE HEIRS
“Ties given are ssoronieste and my vary according €o the ze of th assay.
d. Modificationfortestacuicles thatarevolstileand/orleerpg

For test articles cht are known to be markedly volatile,the culture flasks vill be incubited with tightly closedcaps until the arcicle is vashed off. To compensate forLack of C0; circulation, HEPES buffer (25 mi final concentration) will be included in the mediun.
If marked pH changes ace noticed (i.e. color changes insedium) during the solubility test, HEPES buffer will beincluded in the Zediun to attempt Lo counteract the pifchange. Further neucealization (s.5.. wich HCl or NaOH)vill be pecformed to maintain normal culture pH range(approximately 6.8 to 7.4) only after consultation withche’ Sponsor.

Before fixation, flasks vill be examined under an inver:.ed microscope to estimate cytotoxicity expressed asBroveh inhibition ané mitotic suppression: Observationsof the degree of contluency and apparent availability ofmitotic cells (large, rounded. heatthy cells on thesucface of the monolayer or floating in the medium willbe made. Cells will be harvested from the highest doseLevel expected to yield any metaphases and from ac least2 lower dose levels. Metaphase cells will be collectedby mitotic shake-ofi (Terasina and Tolmsch, 1961). svol-Len with 75 o KCl, fixed in mechanol: glacial aceticacid (3:1. viv), dropped onto glass slides, and airdried.
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Differential staining is accomplished by a modifiedfluocescence-plus-Giemsa (FFG) technique (after Percy andWOLEf, “1974; Goto, et al.. 1978).  Siides will bestained for at least 10 minutes with Soechst 33258$5 ug/l) in phosphate butfer (pi 6.8). moented in thesame buffer, and exposed a 55°-65°C to “black.light:£rom 15 vac tubes for the amount of time requires fordifferentiation betuean chromatids (3.20 minster.Finally. slides will be stained vith 51 Giemsa for 3 to20 minutes and sic dried.
The slides fran the highest dose Levels “harvested willbe examined for presence of delayed cells. An scrempewill be made to scan and classify one hundred metaphasecells as Hy. Hy + or 3 Hy

3: Retemminasionof Poseand FixationTimefor theAberrationTest
The doses selected for the assay vill be based on the obser.vations of toxicity (confluence eduction and cerl appenrance) and cell cycle delay from the prelininacy tose: ang themaxioun dose selected will be the highest dose ac whichanalyzable gecaphuse cells are expected to be shesined, Inthe absence of observed cell cycle delay, a £ixation sine 3£0 11 hours after addition of chemical will be wieq, IraSELL cycle delay is obaerved. & later fixation time such os18 hours or 2¢ houcs will be selected based on the sotimaredtime to give 2 niniounm of 507 cells in My aC the Tomes mereTuo different fixation tines vill be used if necessary (op,4€ the top dose causes delay but the lover doses do mac).

©. Chromoscne AberrationTest
Cultures will be seeded at about 1.0 t0 1.5 x 10° cells pe 75 entplastic flask in 10 al of fresh culture media, A minions offive doses will be used. depending on the resuits of the range.finding test (Section V3). The doses may be more closely piecedChan Bale-1og diluzions depending on the pattern of foxielcyobservations.
Duplicate flasks will be used for each dose level. Single flaskswill be used for solvent and negative controls and for Sach ofto doses of positive control compounds.
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3. Assaywithoutthe mecabolicsceivasionsvsten
One day after culture initiation, the culture medium vill be“eplaced vith fresh medium and the cells vill be treated wichthe test article. The test article will be left in culturesfor the entire period, the lengch of which will be determined£x0n the preliminary test (ususlly 8 to 30 hours). About 2.0hours before fixation, cultures vill be vashed with phosphatebuttered saline, and fresh medium vill be added hich contains
Colcenid® (0.1 ug/ml final concentration). Presence of
Colcemids helps to accumulate the dividing cells.

2. Assaywishshe secsbolic sceivation systen
One day after culture initiation, the culture medium vill besemoved and the cells will be vashed once wich saline. Thecells will then be incubated at about 37°C for about 2 hoursin the presence of the test article, 59 reaction mixture, andBrovth mediua without fetal calf serum (FCS). After the 2Rous exposure period. cells will be washed at least twice withphosphate buffered saline, and normal groveh medium containing10% FCS will be added. Incubacion will be continued for &further period of approxisately © to 26 hours with Colcenid®(0.3 ug/ml final concentration) present during the last 1.0 to2.0 houcs to accumulate the dividing cells

3. cellscainingandscoring
Metaphase cells will be subsequently collectec and fixed as insection V.B.2.e. Those flasks with excessive toricity willnot be harvested. The slides vill be air dried and stainedwith Giemsa. After drying. the slides vill be cinsed inz7lene and mounted permanently. For control of bias, theslides will be coded for analysis except for the positivecontrols, which will be checked first Go make sure theaberration frequency is adequate.
Normally, two hundced cells per dose level (100 from each ofthe duplicate flasks), if available. vill be read from sach ofche top four doses. If two hundred cells vere not available£203 each of these doses. lover doses may be evaluated. Onehundred Cells will be read from each of the negative andsolvent controls. Ac least twenty-five cells will be readfon one positive control and from those cultures that haveBreater than S02 of cells vith one or more aberrations. Thecomplete nuaber of 100 cells pec culture Tay not be availabledue to toxicity or quality of preparation. Cells will be
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Selpeess for scoring on the basis of got morphology, nd onlySells vith che number of centromeres squal co the mada cums]2122 (cange of 19 to 23) will be anaiyeed.
Standard forms will be used to record analyses. For each cellbearing an abecration. the microscane stage Tocation erry bo7oted so the cell ay be relocated if necessary. The. eopieceList of aberrations scored and their definieiont is seeooiiyto this protocol (pages 16-10).

VL mm
A DataPresentationangsvalustion

Data will be sumacized in tables shoving the numbers of cellsioaiyzed. types of abercations found, frequencies ofabreetionsPer cell, and peccentages of cells bearing aberrations Eacicn£38 and isochomatid saps will be noted bet will sar ne schryinto the KOTALL for abezcation assessment since they may cotseErue beeska.
® AssayAcceptancecriteria

fn vasay ill be considered accepted for evaluation of testFesules only if all of the following criteria srsmacsins.drivition and nanactivation sections of the sberestion seiey£2, SnAepenaens units and Ll be repented indepentonniy oeneeded. to satisty the acceptance cribese
* tasacistacsory conceals

The assay will be repeated if,
I+ Me negative or the solvent control is more than twice the4PPec Limit of the range of historical conrot mater(4ppes Limit SI or more of cells with sberrerionrs.2 The postive control cesulc 4s not stgniticancly higher{25,0:01) chan the pooled negative and sotvens coirers.If the positive control result in the sess wir Soiradequate in an assay vhere sctivacion and noneneintton2237s ace run concuzzencly but the posisive sanseet cn theIomactivation assay fails. the test heed not be reratna'ltihe sctivacion positive control demonserares mesensitivity of the cells.
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© Leck of Toricicy
If the aberration results are negative and there is mo
significant reduction in confluence or delay in cell cycle
progression, the test may be repeated at higher doses Lf
higher doses can be achieved (i.e. not Limited by solubili-
ty or not greater than 5 mg/ml).

© ExcessToxicity
The assay will be repeated if results ace not available forat least three dose levels.

© Sporadic Increase

If a significant increase is seen at one or more doseLevels but not in consecutive doses and if there is noclear evidence for a positive dose response, the assay willbe repeated to verify the significance.
If the assay has to be repeated because of equivocal re-sults, only three dose levels will be analyzed. instead of£ouc, in the second assay.

C. Assay Evalussion

The following factors are taken into account in evaluationof the test article data:
® Overall aberration frequencies.
© Percentage of cells with aberrations.
® Percentage of cells with more than one aberration.
® Svidence for incressing amounts of damage with increasingdose, i... a dose related increase in aberrations. Cellswith complex aberrations may be considered to have moresignificance than sizple aberrations
Statistical analysis employs the Fisher's Exact Test tocompace the percentage of cells with aberrations in crestedcells with pooled results from solvent and negativecontrols (Sokal and RohLE. 1981). A linear trend test ofincreasing number of cells with aberrations with increasingdose (Armitage, 1971) will also be performed. Thedifference is considered significant when p<d.01. The£inal evaluation of the test article will be based uponscientific judgment
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VIII. REPORTFORUI
CH employs a standard seport format for each assay design. The Finalreport will provide the folloving information.

® Sponsor identification® Quality Assurance scatement© Statement of GLP Compliance® Signature of study director.© Test acticle identification and CHV Study Number. A physicaldescription of the test article and date of receipt viii beincluded in this section:Type of assay and protocol number.® Dates of study initiation and completion.Study dizector and senior technician:o Methods.
o Evaluation criteria® Interpretation of resulcso Conclusions© References.© Test tesults presented in tabular form.

IX. CHANGESORREVISIONS
427 changes or revisions of this approved protocol will be documented,#1gned by che Study Dicector. dated, and maintained vith this proreecd.
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X. RECORDS70BEMAINTAINED
ALL rav data, documentation, records, protocols, and final reports
generated as a result of this study will be archived in the storage
facilities of Corning Hazleton Inc. for at least one year following
subaission of the final report to the sponsor. After the one yearperiod. the sponsor may elect to have the aforementioned materialsretained in the scorage facilities of Corning Hazleton Inc. for anadditional period of time or sent to a storage facility designated bythe sponsor.
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DEFINITIONS OF CHROMOSOMAL ABERRATIONS FOR GIBMSA STAINED Criss

HoTcoupuTED
To chromatid caps (761d gap). An achromatic (unseained) regioninane cheomacd. Che size of which is equtt£0 or smaller than the width of a chiemsiia.These ace noted but not usually inchused ioFinal totals of aberrarions as they may nara1be True breaks
5 chromosome Gap: (“isochromatid gap, 16%). Same as chromatidSap but at the am locus in both siscerSiromatits.
Ue Uncoiled chromosome: Failure of chromatin packing. Probably not acrue aberracion.
B® bolyploid cell: A cell containing multiple copies of thebaploid number (n) of chromosomes. Onlyindexed 5 very common.
E Esdoreduplication: 40 cell in which sepuration of chromosamePics has failed. bly indexed Lf very con.

snes
™ Chromaeid Break: An achromatic cegion in one chroantid, largerThan che videh of & chromria. The. aiseeiiiad£cagaant aay be parcisily or complecery ginio
SB Chromoscme Break: Chromosome has a clear break, forming an ab.nommal (deleted) cheomosems wiih an scancie£eagnen that is dislocated. This clesitica-tion now includes the acencric fragment (1)The AF as Gifarent from the 53 obty in trotSt vas noc apparently retaces so snp shacirichromosons
4 “Double Minutes These are small double dots, some of whichEragnent: ace terminal delecions and some. inveracisialdeletions and probably small singe. Theisorigin are not distingecsnabie,
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compLex
I Incerscitial Deletion: Lengch of chromatid “cut outs from aidregionOf & chromatid resulting in a small fragmentof ring lying beside a shortened chromatid ora gap in the chromatid
TT teiradials An exchange becween two chromosomes, or onechromosome and an acentric fragment, whichresults in a thcee-armed configuration.
QR quadriradial: As triradial. but resulting in a four-armedconfiguration.
CR Complex Rearrangement: An exchange among moce than two chromosomes or£ragnents which is the result of severalbreaks.
D dicentric: An exchange between two chromosomes which£esults in a chromosome with two centromeres.This is often associated vith an acenteic£ragnent in which case it ir classified as OF

or Dicentric with fragment
© Tricenteic An exchange involving three chromosomes andresulting in a chromosome with thee centro-meres. Often associated vith to to three AF.Such exchanges can involve many chromosomesand are named as follows
© quadricentric: four centromeres, up to four AFPC Pentacentric: £ive centromeres. up to five AFHC Hexacentric: six centromeres, up to six AF
Ro Ring: A cheomosone which forms a circle containing &centromere. This is often associated with anacentric fragment in hich case it is classedas BF.
RC Ring Chromacid: Single chromatid ring (acentric).
re Ring with associated acentric fragment
CT Chromosome Intrachange: Exchange within a chromosome: e.g. a cingthat does not include the entire chromosome.
T Translocation: Obvious transfer of material between tvo chro-Sosomes resulting in two abnormal chromosomes.hen idencifisble, scored as “T° not <2AB-.
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COMPLEX (Continued)

» Abnormal sonocentric chromosone. This is aCheonascae vhose morphology ie abnormal forChe kecyocrpe. and often the fesuit of aCranslotacion, pecicemcric inversion. sic.Classification uae Af abnormaliey camer beascribed tor e.g. 8 reciprocal translocation.

ome
or Grete: than 10 aberzacions: A cell whichContains more tha 10 aberrations. A heavilydxmaged cell should be analyses vo Ldencitythe Sypes of aberrations and may not acuatlyNave 330, e.g. multiple fragments such asthose found sssociaces with s tricentric
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