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ABSTRACT

The purpose of this study was to determine the hepatotoxicity and/orgenotoxicity of the test material by measuring NA reper oc unscheduled DNAJypthests (Us) and cell proTiferation (CP) measured ae S-pracn induction inTt aver cells after in vivo treatnent., The tes materia T-5711.1 did notInduce Significant changes fn UDS in rai hepatocytes hut iresent in cellGooadferation were observed. The test material was adnin|sisees so rats atdoses of approximately 125, 250, 500, and 1000 mg/g" Primary hepatocytecultures for analysis of UBS were prepared at tws. sacripn times,dbproxinately 2-4 hours and 15-16 hours after administration orcs single oraloe afor cach perfusion tinepoint, three male rats wom rectedtestmaterial suspended in CMC.
1% nepatocyte cultures for UDS were incubated with 10 uci/al “Hrd for aboutAphours and autoradiography was performed on the HTdr-tecrridcultures.After autoradiography, three treatment groups fron cach timepoint wereSelected for analysis'of nuclear labeling beginning with sn highest dosewhere cellular morphology was adequate for analysis mi proceeding toIoprosche'y lover doses. None of the criteria used to indicate Ut was$e0i ached by the treatments and no dose-related response was. spsorsers TheSEtomaterial, S711 was therefore evaluated as. inact ve sor sininductionof US in rat hepatocytes after in vivo treatment and in vitro culture.In the cell proliferation assay, dose-related increases in collproliferationwere sbserved following treatment with the test material Frew animals perSondition were labeled with BrdU for 72 hours using ALZET® bovcein pumps.Sample Of the liver and duodenun were Fixed in 10% neutral baci” and Tatergrbedded in paraffin. Samples were also processed for. snelymon byapathologist.

Sections fron the Teft lateral, median and right lateral lobes of the Tivers35 mel] 25 samples fron the duodenum were taken and proceseos fon: Imunohistochenistry. Each s1ide was prepared with Secession both TiverItemuodenun. The duodenun (a rapidly proliferating organ) wer msog rsaninternal control for delivery of label and immunohistochentcns staining. ThePitroncage of muclei incorporating label in the liver was detorareryTncrassel ically; Only hepatocyte nuclei were enumerated: ‘A dosirccatedjncrease in cell proliferation was induced and statisticallysignificantincreases in cell" proliferation were observed at 500 ngysg ing nunmg/g.gould; was therefore considered negative for the induction of Ups andPositive for the induction of cell proiferation in rat Iver roses,
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Genotoxicity Test on T-5711.1 inIn Vivo/In Vitro Unscheduled DNA Synthesis and Cell Proliferation
in Rat Liver Cells

I. SPONSOR: 3M Corporation

II. MATERIAL TESTED:
A. Genetics Assay No.: 15515
B. Identification: T-5711.1, L-1276
c. Physical Description: cream-colored granular material

D. Date Received: February 24, 1993

III. TYPE OF ASSAYS: InVivo/InVitro Rat Primary Hepatocyte UnscheduledDNA Synthesis Assay with Two Timepoints and Cell
Proliferation

IV. PROTOCOL NUMBER: 494, Modified for 3H Corporation

v. STUDY DATES:

A. Study Initiation Date: February 24, 1993
B. Experimental Start Date: March 11, 1993
C. Experimental Termination Date: April 29, 1993

VI. SUPERVISORY PERSONNEL:
A. Study Director: Maria A. Cifone, Ph. D.

B. Scientist: Marie E. McKeon, M. Phil.

C. Study Supervisor: Andrea L. Ham, B.S.

VIL. OBJECTIVE:

The objective of this assay was to detect DNA damage and/or
hepatotoxicity caused by the test material by measuring DNA repair asunscheduled DNA synthesis (UDS) and cell proliferation (CP) measured as

15515-0-494 7
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S-phase induction induced in rat liver cells after in vivo treatment.The existence and degree of DNA damage were inferred from an increase innet nuclear grain counts in hepatocytes obtained from treated animalswhen compared to those from untreated animals. The types of DNA damageare unspecified but nust be recognizable by the cellular repair systemand result in the incorporation of new bases (including *H-thynidine)into DNA during a short (4 hours) in vitro culture period (1).
Cell proliferation measured the fraction of cells undergoing cellreplication in rat Tiver using an immunohistochemical technique (2,3) todetect bromodeoxyuridine (BrdU) incorporated during DNA synthesis.Animals were given a single oral dose of the test material and thelivers were isolated following administration of BrdU for 72 hours invivo with an ALZET® osmotic pump implanted subcutaneously.Quantification of cells that have incorporated DNA precursors over the72-hour period indicates increased cell proliferation in the liver (4).

VIII. DEFINITION:

The LDS assay is designed to measure unscheduled DNA synthesis (UDS) inrat liver cells (hepatocytes) using the autoradiographic techniquedescribed by Williams, 1980 (5). Hepatocytes were isolated from thelivers of rats exposed in vivo to the test article. Only a smallpercentage of the cells enter S-phase (replicative DNA synthesis) duringthe brief exposure period, so the incorporation of *HTdr into DNA duringin vitro culturing, as analyzed by autoradiography, may be used as ameasure of the repair of DNA damage caused by treatment with the testarticle. This UDS measurement of DNA repair appears to correlate wellwith known mutagenic or carcinogenic activities of chemicals.
Hepatotoxicants such as carbon tetrachloride and dinitrotoluene inducean increase in cell proliferation to replace necrotic tissue (3,6).These proliferating cells may be detected during S-phase analysis.Other chemicals may induce S-phase in the absence of hepatotoxicity. Itis not apparent how cell proliferation may act in the carcinogenicprocess but there are numerous mechanisms which can be affected daringreplication (7-10). Chemically induced cell proliferation may increasethe probability of spontaneous mutations as well as increase theprobability of converting unrepaired DNA adducts into mutations.Unscheduled cell proliferation may also play a role in the expansion ofpreneoplastic populations leading to the emergence of a fullytransformed clone of cells. Some of these examples act by a non-genotoxic mechanism and it is theoretically possible to detectnongenotoxic carcinogens as well as genotoxic carcinogens using thistechnique.

15515-0-494 8004392
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IX. MATERIALS:
A. Indicator Cells

Young adult male rats of the Sprague-Dawley strain, 10-12 weeksp14 at the time of dosing, were purchased from Charles RovecLaboratories, Inc. (Cr1:CO®BR). This healthy random bred strainwas selected to maximize genetic heterogeneity and assure accessLo a oman source. Animals scheduled for this study were roessdaccording to standard operating procedures and were fed PurinaCertified® Rodent Chow(Formula 5002) and water ad 1ibitun.Animals were quarantined a mininum of 7 days prior to resemassignment to study groups and identification by tail tattoo.Animals were anesthetized prior to surgery for preparation of cellCultures, using about 60 ng/kg sodium pentobarbital. ard weerexsanguinated during the harvest procedure.
The liver cells for the UDS assay were obtained from ratsweighing313.0-389.6 grams for the early timepoint and 324.4-404.6 gramsfor the later timepoint. The cells were obtained by perfusion ofthe livers in sity with a collagenase solution (see Section X.C.UDS Assay). Monolayer cultures were established in culture dishesand were used the same day for analysis of the UDS activity. ayycultures were maintained as monolayers at about 37°C in ahumidified atnosphere containing approxinately 5% C0,.
For the cell proliferation assay, rats were used that ranged from408.4-483.2 grams. Approximately 24 hours after dosing, theanimals were anesthetized using Metofane® (methoxyflurane, Pitman-Moore, Inc.) inhalation anesthesia and one ALZET®' Pump per animalwas aseptically inserted subcutaneously (dorsal surface).foventy-tuo hours later, aninals were anesthetized wih Co, priorto-renoval of the Tivers and duodenun (control organ).

B. Media For UDS Assay
The cell cultures were established fn Wi111ans’ Medium E supple-Tented with 10% fetal bovine serun, 2 mH L-glutamine. 100 painstreptomycin sulfate, and 150 #g/ml gentamicin (WME+).  WME+without serun is referred to as WHEL. After theestab] ishoentperiod, cultures were refed with WMEI containing 10 KCi/ml *HTdr,47 Ci/mMole (WME-treat).

C. Osmotic Pumps and Label for Cell Proliferation Analysis
ALZET® osmotic pumps (ALZA Corporation, Palo Also, CA), Model 2ML1The pused: A Single Tot (#042205) was'used throughout the stusy-The pump has 2.2000 u] capacity with a pump rate of 10 1 hace.The pumps were pre-filled with BrdU at 4 concentratioy Sf20 ng/ml.

15515-0-494
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D. Control Articles
1. Vehicle control

A vehicle negative control consisting of three rats for theUDS assay and five rats for cell proliferation treatedbyoral gavage with the vehicle, CMC (highviscositycarboxymethylcellulose, 9004-32-4, Sigma Lot # 121F0644),was performed at all timepoints. Vehicle controlhepatocytes or tissues were subjected to all of themanipulations used for those derived from treated animals.Dosing volume of the vehicle control animals did not exceed10 ml/kg.

2. Positive control article

The positive control compound is known to induce UDS orS-phase in rat hepatocytes in vivo. The positive controlfor the UDS timepoints, Dimethylnitrosamine (DMN, CAS#62-75-9, Sigma Chemical Co., Lot# 29F0679) was dosed at10 mg/kg for the 2-3 hours timepoint and 15 mg/kg for the15-16 hours timepoint. For cell proliferation, 15.0mg/kgof DMN was used as the positive control. Three rats forUpsand Five rats for cell proliferation were treated byintraperitoneal injection for each timepoint.

E. Test Article

For the preparation of the dosing solutions of the test article,0.5% CMC was made by adding CMC powder to deionized water withstirring. The test article was suspended in 0.5% CMC atconcentrations of 12.5, 25.0, 50.0 and 100 mg/ml prior to dosingfor each timepoint. The maximum dosing volumes for the testarticle did not exceed 10 ml/kg.

X. EXPERIMENT DESIGN (UDS ASSAY) :

A. Dosing Procedure

For each timepoint, three rats were treated by oral gavage withthe test article. Delivery volumes were calculated on the basisof the most recent animal weight and the target dose. The maximumvolume of the test article suspensions administered did not exceed10 ml/kg. Fresh preparations of test article in vehicle andcontrols were used for any testing purpose. Confirmation of theconcentration of the test material under conditions of preparationand dosing of the assay was not determined in conjunction withthis study.

15515-0-494 004394 10

—



®@ HAZLETON
WASHINGTON

B. Dose Selection and PerfusionTime

The highest dose of 1000 mg/kg was selected according toprotocol,for both timepoints based on information supplied by the Sponsor.Three additional doses of test material were prepared using 2-folddilution steps and a minimum of 3 animals per dose. Twotimepoints were employed for sacrifice; 2-4 hours and 15-16 hoursafter the administration of a single dose of the test article byoral gavage.

Cc. UDS Assay

This assay was based on the procedures in rats describedbyWilliams (1980), Mirsalis, Tyson and Butterworth (1982) andButterworth et al. (1987). The hepatocytes were obtained byperfusion of livers in situ for about four minutes with Hanks”balanced salts (Ca™ -Mg~-free) containing 0.5 mM ethyleneglycol-bis (8-aminoethyl ether)-N, N-tetraacetic acid (EGTA), and HEPESbuffer at pH 7.2. Then WMEI containing 50-100 units/ml ofcollagenase (WMEC) was perfused through the liver for 10-11minutes. The hepatocytes were obtained by mechanicaldispersionof excised liver tissue in a culture dish containing WMEC. Thesuspended tissue and cells were allowed to settle to removecellclumps and debris. The cell suspension was centrifuged and thecell pellet resuspended in WME+. After obtaining a viable cellcount, a series of 35-mm culture dishes (at least 6 per animalcontaining a 25-mm round, plastic coverslip and at least 2 peranimal to assess attachment efficiency) was inoculated foreachanima] with approximately 0.5 x 10° viable cells in 3 ml of WME+per dish. Individual cultures were identified with the animaleartag number.

An attachment period of 1.7-2.0 hours at about 37°C in ahumidified atmosphere containing 5% C0, was used to establish the. cell cultures for the earlier timepoint. For the lattertimepoint, an attachment period of 1.7-2.0 hours was used. Afterthe attachment period, unattached cells were removed andthecultures were refed with 2.5 ml WHE-treat. Three of thereplicatecultures from each animal were used for the UDS assay; two ofthereplicates were used to assess attachment. Any remaining cultureswere kept for analysis in the event of technical problems withautoradiography. Attachment efficiency was determined for twocultures from each animal by in situ microscopic analysis, usingtrypan blue dye exclusion to determine the viability of theattached cultures.

After a labeling period of about 4 hours labeled cell cultureswere refed with WMEI containing 0.25 mM thymidine and returned tothe incubator for 18.7-19.2 hours (2-4 hours timepoint) or 17.8-18.2 hours (15-16 hours timepoint). Nuclei were then swollen by
15515-0-494

n
004395

es



2 WASHINGTON

addition of 1% sodium citrate to the coverslips (containing thecell monolayers) for 10 minutes minutes. The cells wero noxtfixed in three changes of acetic acid:ethanol (1:3) and dried forat least 24 hours. ‘The fixed coverslips were mounted on glassslides, dipped in Kodak NTB2 emulsion, and dried. The emilejoncoated slides were stored for 7 days at 4°C in lighttight Bevescontaining Drierite?. The emulsions were then developed in 519.fixed, and stained with Willians’ modification ofa hematoxylinand eosin procedure.
D.  UDS Analysis

The cells were examined microscopically at approximately 1500xmagnification under oil immersion and the field was displayed onthe video screen of an automatic counter. UDS was measured bycounting nuclear grains and subtracting the average number ofgrains in three nuclear-sized areas adjacent to each nucleus{cytoplasmic count). This value is referred to as the net nucleargrain count. The Coverslips were coded to prevent bias. in graincounting.
The net nuclear grain count was determined for fifty randomlyselected cells on each coverslip (three coverslips per aninal)unless otherwise indicated. Only nuclei with normal morphologieswere scored, and any occasional nuclei blackened by grains tosnumerous to count were excluded as cells in which replicative DNAsynthesis occurred rather than repair synthesis. The average meannet nuclear grain count (+ standard deviation) was determined fromthe triplicate coverslips (150 total nuclei) for each animal andaveraged for each treatment condition.

XL. EXPERIMENT DESIGN: CELL PROLIFERATION ANALYSIS
. A. Treatment and Dose Levels

AN animals were dosed as described in the UDS section. Fiveaninals gram each dose level and control group were used toanalyze cell proliferation after a single oral dose.
B. Implantation of Osmotic Pumps

ALZET® Model 2MLI osmotic pumps (Lot #042205) were preloaded with2000 41 of BrdU at a concentration of 20 mg/ml. The aninals wereanesthetized using Metofane® according to standard procedures andane pump per aninal was aseptically inserted subcutaneously(dorsal surface) approximately 24 hours after dosing. The

15515-0-494 00439¢ 12
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incision was closed with wound clips and the animals monitoreduntil the time of sacrifice to ensure that there were no clinicalsigns of infection. The osmotic pumps were implanted three daysprior to sacrifice.

Cc. Tissue Collection and Preparation

Each aninal was anesthetized prior to removal of organs foranalysis. The thoracic cavity was opened and the liver removedand fixed in neutral buffered formalin. A cross section ofduodenum, a tissue with high cell turnover, was also removed fromeach animal and fixed. The duodenum was included as an indicatorthat label was administered correctly to each animal. For theliver, 5 paraffin embedded sections were taken from the leftlateral, right median and right anterior lobes. Similarlyprepared sections of the duodenum were also made and a section ofthe duodenum was mounted on each slide. Slides were also prepared: according to standard procedures for examination by a pathologistto determine if any abnormalities werepresent.

0. Imnunohistochemical Staining

The slides were deparaffinized and rehydrated prior to stainingusing first the BIOGENIX Supersensitive Kit using DAB stain andhematoxylin counterstain. Parallel slides were stained withhematoxylin and eosin for analysis by apathologist.

E. Assessment of Cell Proliferation Rates

The section of the duodenum was microscopically examined to ensurethat the label was properly administered to the animal. OnceTabel delivery was confirmed, slides from the different Tobes wereexamined for lobular differences. Labeling was similar among thelobes therefore cell counting was performed with sections from the. left lateral lobe. The percentage of nuclei incorporating labelin the liver was determined microscopically. The areas tobecounted were randomly generated by computer. A 1.0 mm squareindexed ocular grid divided into 10 x 10 squares was used todefine the counting area. At least 2000 nuclei were examined peranimal with a minimum of 3 sections and 6 fields per section.

Any nuclei that were blue were considered unlabeled and any nucleicontaining any brown chromogenic hue were considered labeledunless a clear artifact was present. Only hepatocyte nucleiwereenumerated. Fields that contained areas of necrosis were notincluded in the evaluation. The slides were coded for (blind)evaluation as to treatmentgroup.

15515-0-494
13

004397

ee



® WASHINGTON

S-phase nuclei Tabeling indices for each animal were calculated asfollows:
Labeled S-phase nuclei (LI)=no, of label t i X 100total no. of hepatocytes counted

XIL. ASSAY ACCEPTANCE AND EVALUATION CRITERIA: UDS
An assay normally will be considered acceptable for evaluation ofthe test results only if all of the criteria listed below aresatisfied. This listing may not encompass all test situations, sothe study director must exercise scientific judgnent in modifyingthe criteria or considering other causes that might affect aseayreliability and acceptance.
1. The viability of the hepatocytes collected from the per-fusion process normally exceeds 70%. A variety of factorscan affect cell yield and viability, so values below 70% arenot uncommon nor necessarily detrimental. Toxicity oftreatment with test article may be reflected in perfusionviability, therefore no lower limit will be set.
2. The viability of the monolayer cell cultures used for theassay treatments must be 70% or greater. Normally, theviability of attached cells is about 85%.
3. The positive control is used to demonstrate that the cellpopulation employed was responsive and the methodology wasadequate for the detection of UDS. For test materialscausing weak or no UDS activity, the average response to thepositive control treatments must exceed both criteria usedto indicate WS. For test materials clearly causing a dose-related UDS activity, an assay will be acceptable in theabsence of a positive control lost for technical reasons.
4. Grain count data obtained per animal is acceptable as partof the evaluation if obtained from two replicate culturesand at Teast 50 nuclei per culture. Grain count data Shouldbe available from 2 of the 3 animais treated.
5. A minimum of 3 dose levels will be analyzed at eachtimepoint. Repeat trials need only augment the number ofanalyzed dose levels in the first trial to achieve a totalof 3 dose levels but must include at least one dosepreviously assayed as acceptable.
Several criteria have been established which, 1f met, provide abasis for evaluation of a test material as active in the UDSassay. The criteria for a positive response are based on a

15515-0-494 14
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statistical analysis of the historical data and calculation of themininun increase required for a significant UDS response gedescribed by Casciano and Gaylor (11).
The test material is considered active in the UDS assay at dosesthat cause:
1. An increase in the mean net nuclear grain count to at leastfive grains per nucleus above the concurrent negativecontrol average, leading to a positive number and/or
2. The percent of nuclei with five or more net grains toincrease at least 10% above the average of the concurrentnegative control animals.
Generally, if the first condition is satisfied, the second willalso be met. However, satisfaction of only one condition can alsoIndicate UDS activity. Different DNA-damaging agents can give avariety of nuclear 1abeling patterns, and weak agents may stronglyaffect only a minority of the cells.’ Therefore, both of the aboveconditions are considered in an evaluation. In’ cases whereIncreases are not observed in all three animals, the test materialwill be considered active for that condition if cells from two ofthe three animals show increases. If the negative control aninglsshow an average Tess than -5.00 or more than 1.00 grains pernucleus, the assay will normally be considered invalid.
The test material is considered inactive in this assay if none ofthe above conditions are met in any of the treated animals.
When results are neither clearly positive nor clearly negative,the presence of a dose response, the frequency distribution ofcellular responses, and the reproducibility of data among s1idesIs considered; the test article is then classified as "nagativer,. "weak positive" or “equivocal”. A group in which one of three.animals shows increases in nuciear labeling will be decided on acase by case basis depending on the level of activity in cellsfrom the active animal, the level of activity in cells from theInactive animals and the presence or absence of activity insurrounding groups.
The positive control nuclear labeling is not used as a referencepoint to estimate mutagenic or carcinogenic risk associated withthe UDS activity of the test material. UDS elicited by testagents in this assay is probably more dependent on the type of DNAdamage inflicted and the available repair mechanisms than on thepotency of the test agent as a mutagen or carcinogen. Some forms

15515-0-494
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of DNA damage are repaired without the incorporation of newnucleic acids. Thus, the positive controls are used to demon-strate that the cell ‘population employed was responsive and themethodology was adequate for the detection of UDS.

XIII. ASSAY EVALUATION CRITERIA: CELL PROLIFERATION
A.Mean and standard deviation for the percentage of S-phase cells weregalculated for each treatment group using the individual anime] mensSophase values. Statistical analysis of labeling index was performedusing one-way analysis of variance techniques (12). Control vereufreatment group comparisons were done with Dumnet’s t-test (13, 14). Inthe case of variance heterogeneity, rank transformations of the datawere performed prior to analysis of variance and Dunnet’s t-test. AnS-phase percentage in a dose group that deviates from the S-phasepercentage in the concurrent control group at a significance level ofP<0.05 was considered significantly different than the control group

XIV. INTERPRETATION OF UDS RESULTS:
At the request of the Sponsor, the test material, T-5711.1 was suspendedin 0.5% CNC at a concentration of 100 mg/ml and serial two-folddilutions were used to prepare suspensions of 50.0, 25.0 and 12.5 mg/l.The test material appeared to form a uniform suspension in the vehicie.Individual dosing stocks were prepared for each timepoint just prior todosing o Three rats per dose level per treatment were treated with 125,250, 800, and 1000 mg/kg with volumes which did not exceed 10 ml/kg.
For the early timepoint, perfusions were initiated 2.3-2.6 hours afteradministration of a single dose of the test material. The hepatocytesgollected for the UDS assay ranged in viability (determined by trypanblue exclusion) from 68.34-94.2% of the total cells collected in the. perfusate (Table 1). The attachment efficiency varied from 39.0%.87.1%and the viability of the attached cells was very good, ranging from74.3%-95.9%.
The minimum criteria for a UDS response at this timepoint weredetermined by comparison to the averages of the concurrent negativecontrol treatments (Table 2). The average mean net nuclear grain countfor the negative control animals was -0.37 and the average percent ofcells containing five or more net nuclear grains was 3.6%, ‘A positiveyesponse consisted of average mean net nuclear grain counts exceeding4.63 (5 net grains above the control value) or at least 13.6% of thenuclei containing five or more grains (10% above the average negativecontrol value). None of the treatments with the test material samplescaused nuclear labeling significantly different fron the negativecontrol. Furthermore, no dose-related trend was evident. In contrast,the DHN treatments induced Targe increases in nuclear labeling that

15515-0-494 i 16
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greatly exceeded criteria used to indicate UDS. Since the positivecontre] animals were responsive, the test resuits were considered soprovide conclusive evidence for’ the lack of UDS induction by the testmaterial samples at the 2-4 hours timepoint under these test condsyjens.
Heavily-labeled nuclei (blackened with numerous grains) represent cellsundergoing ONA replication (S-phase) as opposed to DNA repair. For eachslide analyzed, at Teast 500 cells were scanned and the incidence of aphase calculated and reported for each animal on the basis of as lost1800 cells observed (Table 2). The number present in the 2-4 hourstudy was Tow and did not interfere with the assay.
For the later timepoint, perfusions were initiated 14.9-15.5 hours afteradministration of a single dose of the test material. The hepatocytesgollected for the UDS assay ranged in viability (determined by trypesblue exclusion) from 73.4%-96.9%% of the total cells collected in’ ponperfusate (Table 3). The attachment efficiency varied from60.2%-08 91%and the Viability of the attached cells was very good, ranging from85.04-97.0%%.
The mininun criteria for a UDS response at the later timepoint wascalculated based upon the average of the negative control animals forthe 15-16 hours tinepoint (Table 4; average mean net nuclear graine n -0.48, average percent of cells containing five or more net nucleargrains = 0.67%). The criteria were mean net nuclear grain countsexceeding 4.52 or at least 10.8% of the nuclei containing five or moregrains. None of the treatments with the test material samples causednuclear labeling significantly different from the negative control sudno dose-related trend was evident. The positive control treatmentsinduced increases in nuclear labeling exceeding the criteria used toindicate UDS. Since the positive control animals responded. the tectresults were considered to provide conclusive evidence for the Jack ofDS Induction by the test material samples at the 15-16 hours tinspointunder these test conditions.

2 Heavily-labeled nuclei (blackened with numerous grains) represent cellsundergoing DNA replication as opposed to DNA repair. The number.gbserved for each aninal in the 15-16 hours study (Table 4) was low anddid not interfere with the detection of UDS.

XV. INTERPRETATION OF CELL PROLIFERATION RESULTS:
A. General Observations

Cells stained with the brown DAB chromogen were observed in theduodenum from all of the animals used in the study. No

15515-0-494 7
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unscheduled deaths occurred. The presence of label in all theanimals indicated proper delivery of the BrdU label and acceptableimmunohistochemical staining. One animal from Group 6 (positivecontrol) was eliminated from the study because the resultsdemonstrated a lack of response by the animal. Since DMN isknownto induce large increases in cell proliferation (15), this mayhave represented a dosing error.

The livers of the treated aninals showed a dose-related increasein weight compared to control animals. The 5000 mg/kg doseinduced a significant increase (p0.01). The mean liver weight ofthe positive control was not significantly elevated even thoughTarge increases in DNA synthesis (and Subsequent cel]proliferation) were induced. The high dose animals (Group 5) had2 mean terminal body weight that was less than control vajue(p< 0.01) indicating some toxicity. Lower doses showed dose-related increases that did not reach significant levels.

STides fron treated and control animals were also examined andgross findings at the time of sacrifice were generally sporadicand/or incidental with no apparent relationship to treatment.

B. Summary of Labeled Cell Counts for the Liver

A summary of the labeled cell counts for each group is shown inTable 5." Individual animal counts are shown in Table 6. The meanlabeling index (LI) for each group is presented in the thirdcolumn. There was no apparent preferential labeling in any of theTobes and the label was random within the Tobes.

The mean background labeling index (Group 1) was 0.95 whichindicates that less than 1% of the nuclei had undergone DNAsynthesis during the 72-hour labeling period. Dose-relatedincreases in the labeling index were induced by T-5711.1 with. significant increases (p0.01) observed in the dosed Groups 4 and5 (500 and 1000 mg/kg). The labeling indices at 500 and1000 mg/kg were 9.06% and 8.13% respectively which represents an8 to 9-fold increase over background. The mean labeling index ofthe positive control animals was 31.51 which is significantlyelevated (p < 0.01).

These results demonstrate that T-5711.1 induced significantincreases in the LI in the liver in male rats after a single oraldose at concentrations of 2500 mg/kg and 5000 mg/kg. Largeincreases in the labeling index were also observed in the positivecontrol animals. The mean labeling index of the positive controlanimals was 31.51.

15515-0-494 004402 18
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XVI. CONCLUSIONS

The test material, T-5711.1 did not induce significant changes in thenuclear labeling of rat primary hepatocytes at either the 2-4hourstimepoint or the 15-16 hours timepoint when doses of 250, 500 and1000 mg/kg were delivered by oral gavage. T-5711.1 was.thereforeevaluated as inactive in the induction of UDS in rat liver cells.

In contrast, the test material induced significant changes in the numberS-phase cells following a single oral dose of T-5711.1. Theanimalswere labeled for 72 hours and dose-related increases in the meanlabeling index were observed in the treated groups. T-5711.1 wastherefore evaluated as active in the induction of DNA synthesis in ratTiver cells.

15515-0-494
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TABLE 1
SUMMARY OF CULTURE DATA FROM. IN VIVO/IN VITRO RAT HEPATOCYTE UDS ASSAY2-4-HOUR TIMEPOINT
Client: 3M Corporation HWA Study No.: 15515-0-494Client Code: T-5711 Initiation Date: 16-Mar-93
Te on imal Target Perfusion AtEachmeRt —ATEachani—Condition Number Dose Level(1) Viability Efficiency(2) Viabl ity 2)_—mE
Vehicle Control - CC (ml/kg)

34389 10.0 84.8% 70.4% 90.8%34388 10.0 69.1% 82.2% 94.8%34387 10.0 94.2% 82.3% 95.9%
Positive Control - DHN (ng/kg). 34443 10.0 87.6% 72.5% 92.3%34442 10.0 77.2% 76.5% 92.6%344e1 10.0 93.3% 78.1% 93.0%
Test Material - (mg/kg)

3431 1000 68.7% 75.8% 92.0%34430 1000 72.2% 65.3% 90.5%3429 1000 83.2% 63.6% 89.1%
36419 500 87.9% 69.5% 91.1%34418 500 81.9% 72.4% 95.0%34417 500 79.3% 39.2% 74.3%
34407 250 88.6% 50.5% 85.6%34406 250 68.3% 70.0% 92.6%) 3405 250 92.2% 87.1% 94.3%

’ 335 100 87.5% 78.1% 91.3%34394 100 85.3% 63.5% 87.0%34393 100 81.2% six 89.8%-_—
Notes:

(1) Three aninals per dose level were treated.(2) Results based on viable counts (trypan blue dye exclusion) ofrandonly selected areas on two plates.DH = DimethylnitrosanineCHC = 0.5% High Viscosity Carboxymethylcellulose

15515-0-494 004407 23
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TABLE 2
SUMMARY OF UDS DATA FROM IN VIVO/IN VITRO RAT HEPATOCYTE UDS ASSAY2-4-HOUR TIMEPOINT
Client: 3M Corporation HWA Study No.: 15515-0-494Client “Code: T-5711 Initiation Date: 16-Mar-93

Mean Net Nuclear % Cells Mean PercentTest Animal Target Grains (MNNG) w/>5 Cyto. S-PhaseCond. Number Dose * + 5D NNG' Grains’ Cells®nS SDer Dose #SOC MNG' Grains’Cells®Vehicle Control - CHC (ml/kg)34389 10.0 -0.92 £ 0.41 4.00 7.45 10734388 10.0 0.11 0.20 4.00 494 07334387 10.0 0.29 + 0.53 2.67 568 0.87
. Positive Control 1 - DHN (mg/kg)

34443 10.0 17.9822.06 95.33 6.27 0.1334442 10.0 8.09+7.98 56.00 4.57 0.3334441 10.0 10.45£0.60 89.33 5552 0.00
Test Material - (ng/kg)

34431 1000 0.15 + 0.35 2.67 419 0.273430 1000 0.03 0.35 3.33 455 olay(a) 34429 1000 0.08 £0.20 1.00 335 1loo
34419 500 0.23 + 0.20 3.33 4.03 or34418 500 -0.61 + 0.58 2.00 451 040(@ 34417 500 0.06 + 0.45 3.00 340 010

(a) 38407 250 0.36 + 0.51 2.00 3.59 0.10(a) 34406 250 0.06 + 0.23 1.00 340 0.6034405 250 -0.49 + 0.39 0.67 4.49 0.67
:

/ Notes:
£12 Three animals per dose Level were created,(2) Average of net clear grain counts on triplicate coverslips (150 total callsy with scondandJoviation (50) batween coveralipe.. Net nuclear arains (WG) = Nocleor grain sous - homedCytoplasmic grain cat.32 Average percentage of lls with greater than or equal to 5 net mclear grains on triplicatecoversiipe C150 total cals):(4) Average of cytoplasmic grain counts on triplicate coverstipe (150 total cells).(5) Determined on rip cate coverslips as the percentage of heavily. (abetad col Ls cbserved shen300 cells par slide (1500 total colle) wire sxemions:(a2 1 slide not analyzed; 10S = average of mewn WG cams on 2 coverslips C100 total cells.OM =Dimsthyini trossaingGHC = 0.5% High ViscosityCorborymethytcellulose
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TABLE 3

SUMMARY OF CULTURE DATA FROM IN VIVO/IN VITRO RAT HEPATOCYTE UDS ASSAY
15 to 16-HOUR TIMEPOINT

Client: 3M Corporation HWA Study No.: 15515-1-494Client Code: T-5711 Initiation Date: 18-Mar-93

Test Animal Target PerfusionAttachment Attachment—Condition Number Dose Level(1) Viability Efficiency(2) Viability(2)_— 7Tremheme
Vehicle Control - CMC (ml/kg)

34392 10.0 94.4% 75.7% 90.6%34391 10.0 88.8% 66.1% 97.1%34390 10.0 73.4% 67.6% 87.0%

Positive Control 1 - DMN (mg/kg)
34446 15.0 80.3% 78.4% 88.434445 15.0 86.2% 60.5% 92.5%34444 15.0 89.6% 68.2% 93.1%

Test Material - (mg/kg)

34434 1000 82.1% 98.9% 90.0%34433 1000 79.8% 60.2% 85.0%34432 1000 96.9% 78.1% 95.2%

34422 500 85.6% 78.2% 94.0%34421 500 88.7% 87.5% 95.6%34420 500 91.1% 79.0% 95.8%

34410 250 84.1% 92.5% 94.1%34409 250 79.7% 73.3% 89.9%34408 250 92.5% 81.6% 92.0%

34398 125 89.1% 91.7% 89.8%34397 125 85.2% 96.8% 90.6%34396 125 84.8% 78.0% 93.5%-_—TP
Notes:

(1) Three animals per dose level were treated.(2) Results based on viable counts (trypan blue dye exclusion) ofrandonly selected areas on two plates.
DMN = Dimethylnitrosamine
CMC = 0.5% High Viscosity Carboxymethylcellulose

15515-0-494
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TABLE 4

SUMMARY OF UDS DATA FROM IN VIVO/IN VITRO RAT HEPATOCYTE UDS ASSAY
15 to 16-HOUR TIMEPOINT

Client: 3M Corporation HWA Study No.: 15515-1-494

Client Code: T-5711 Initiation Date: 18-Mar-93
Mean Net Nuclear % Cells Mean PercentTest Animal Target Grains (MNNG) w 25 Cyto.  S-PhaseCond. Number Dose * + SD’ NNG® Grains’ Cells®

Cond. Number _Dose' +0©ME Grains’celle
Vehicle Control - CMC (ml/kg)

34392 10.0 =0.17 + 0.15 1.34 2.79 0.3334391 10.0 -0.79 + 0.57 0.67 2.53 0.20(a) 34390 10.0 -0.49 + 0.41 0.00 2.06 0.40

Positive Control 1 - DMN (mg/kg)
34446 15.0 3.95 + 2.86 38.67 2.59 0.0034445 15.0 4.05 + 3.38 38.00 4.58 0.0734444 15.0 5.01 £ 2.62 48.00 3.32 0.07

Test Material - (mg/kg)

34434 1000 -0.17 + 0.15 1.33 2.47 0.3334433 1000 -0.89 + 0.01 0.00 2.18 0.1334432 1000 -0.37 + 0.48 0.67 2.85 0.47

34422 500 -0.52 + 0.05 0.00 3.33 0.2734421 500 -0.91 + 0.22 0.00 2.07 0.0734420 500 -1.21 + 0.10 0.00 2.33 0.20

34410 250 -0.58 + 0.36 0.00 2.22 0.33(a) 34409 250 0.02 + 0.14 1.00 2.30 0.00. 34408 250 -0.98 + 0.64 0.00 2.56 0.13_— TT7Rm
Notes:

© Thre ansats or doe Lovet wre crested,@ Average of clon Sri Soon vt eat covrstip C150 ota cet ef standovate 53 Diane Karan ho ken ar tag Eo lle) wi srrCrime pain© Barkshire of ciis ith arate than or sun 05 rt retour ara on ErteCovet et Sey62 Rare CF holtilc aT counts an ripfcute covers 150 sont sottey,@ dertind Saar ortTn 2 th paca hoeAnerve henS00 par Sn Ci ret hus oe rarse00 TTRov 8 eae sen esis an 2 covers C00 oct soon,Sk 4 mssors5 20S Vato corsocymethytcntutone
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Table 5

Cell Proliferation Summary

Client: 3M Corporation HWA Assay No.: 15515-0-494
Client Code: T-5711.1 Trial Initiation Date: ~Mar-93

Group/Sex? | Dose Level| Labeling Indexb Liver Weight | Terminal Body(mg/kg) (%) (9) Weight (g)

w od 0.95% 0.73 18.95 + 2.64 491.8 % 41.8
2M 625 1.06 + 0.56 19.70 + 4.49 458.4 + 22.1
3M 1250 2.39% 2.25 21.82 + 1.55 477.9 + 16.8
aM 2500 9.06 + 3.13**1| 23.75 + 2.49 455.1 + 23.1
SMC 5000 8.13%  3.15%%t| 25.73 + 2.93% 425.4 + 23.9%,
6M 15¢ 31.51 + 15.86%*t| 19.48 + 2.06 459.8 + 30.1

JFive animals per group unless indicated
“Percentage of labeled hepatocyte nuclei per total number of hepatocytes counted(at Teast 2000)
Four animals per group“Vehicle control, 10 ml/kg of corn oil“Positive controf, 15 mg/kg of ON*Significant at p<0.01
tIncrease in the mean4Decrease in the mean

15515-0-494
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Table 6
Cell Proliferation Assay
Individual Animal Data

Mean Terminal TerminalAnimal Group Labeling Body Weight Liver Weight

34489 H 0.95 521.3 19.1734490 mM 0.76 509.7 21.2538491 ji 0.14 41906 15.1234492 LIM 0.76 492.3 17.7434493 1m 2.14 516.1 21.47
Group Mean 0.95 491.8 18.95Group SD 0.73 41.8 2.64N 5 5 5

34494 ™ 1.14 492.2 27.3134495 M 1.67 468.8 19.8434496 2M 1.24 440.9 15.8034497 2M 0.14 450.0 17.7734498 M 1.10 440.3 17.76

Group Mean 1.06 458.4 19.70Group SD 0.56 22.1 4.49N 5 5 5

34499 3M 6.24 456.2 21.9834500 3M 2.19 500.7 24.2834501 3M 1.62 486.3 20.2234502 3M 0.38 476.4 20.84. 34503 3M 1.52 470.1 21.79

Group Mean 2.39 477.9 21.82Group SD 2.25 16.8 1.55N 5 5 5

15515-0-494 004412 28
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Table 6 (Con’t)

Cell Proliferation Assay
Individual Animal Data

Mean Terminal TerminalAnimal Group Labeling Body Weight Liver Weight

34504 aM 11.81 437.5 24.6934505 aM 9.24 432.4 26.9934506 aN 10.85 446.6 22.4534507 aM 3.76 484.3 20.3534508 aH 9.62 474.5 24.26
Group Mean 9.06 455.1 23.75Group SO 313 2301 2.49N 5 5 5
34509 5M 6.86 421.5 28.3734510 5M 12.14 455.8 28.1734512 5M 8.81 397.9 23.2234513 5M an 42005 23.16
Group Mean 8.13 425.4 25.73Group SD 315 23.9 2.93N 4 4 4
34514 M 22.14 499.3 22.0934515 6M 47.43 448.5 19.4534516 6M 42.24 428.0 17.0634517 6M 14.24 463.3 19.31

; Group Mean 31.51 459.8 19.48Group SD 15.86 3001 2.06N 4 4 4

15515-0-494 004413 29
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XIX. APPENDIX A: HISTORICAL CONTROLS (us)
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HISTORICAL NEGATIVE CONTROLS

IN VIVO/IN VITRO UNSCHEDULED DNA SYNTHESIS ASSAY

Number of data points is 20

Data UDS Grains/ % of Nuclei with 25 Average CytoPoint. Nucleus + SD * Net Nuclear Grains ** Grains *font Mele Sr Net acterGrains ee Grains
1 -0.23 £0.33 2.7 6.172 -1.39 £0.49 0.0 1.763 ~0.99 0.47 1.3 8.194 0.12 £0.89 4.7 7.695 -1.43 £0.76 0.7 10.616 -0.55 £0.45 0.0 3.557 -0.67 £0.32 0.0 3.938 0.11 0.63 0.0 2.669 -0.11 £0.25 0.7 2.6610 -0.05 £0.39 0.0 4.2511 -1.05 £0.31 0.0 2.71912 ~0.01 0.89 6.7 7.5513 ~0.38 £0.30 1.3 8.5514 0.27 £0.22 2.7 6.5815 -1.38 0.31 0.7 9.8916 -0.18 0.33 4.0 8.1817 ~-0.57 £0.34 3.3 8.9718 ~0.21 $0.47 2.0 7.9419 -0.59 0.38 0.0 7.7520 -0.62 £0.52 0.0 7.20£owww0 eo Tw

Average: -0.52 1.5 6.64spa 0.50 11.9 2.47ane:
Low -1.43 0.0 2.66High 0.12 6.7 10.61

TSTver eemTTETee* DS = Morass of net nuclear grain counts + standard deviation from tripli-cate or duplicate coverslips (150 cells) analyzed for a single animal.** Average values for triplicate or duplicate coverslips for a single animal.a SD = Standard Deviation

15515-0-494 31004415
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HISTORICAL POSITIVE CONTROLS

IN VIVO/IN VITRO UNSCHEDULED DNA SYNTHESIS ASSAY

4-Hour Timepoint Nunber of data points is 9
Data UDS Grains/ % of Nuclei with 25 Average CytoPoint Nucleus 5D * Net Nuclear Grains ** Grains +

1 22.27 £2.36 98.0 7.462 23.25 $1.08 98.7 7.013 22.25 1.96 95.3 5.844 19.44 £0.75 100.0 8.435 24.03 £4.22 98.7 4.996 29.75 17.98 96.0 5.267 19.05 £1.76 98.0 6.568 17.47 £1.78 98.0 6.659 16.83 £4.00 97.3 5.74ultS.A.SN AAverage: 21.59 97.8 6.44spa 3.98 1.4 +1.10Range:
Low 16.83 95.3 5.26High 29.75 100.0 8.43

* UDS = Average of net nuclear grain counts + standard deviation fromtripli-cate or duplicate coverslips (150 cells) analyzed for a single animal.** Average values for triplicate or duplicate coverslips for a single animal.a SD = Standard Deviation

15515-0-494 00441¢ 32
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HISTORICAL POSITIVE CONTROLS
IN VIVO/IN VITRO UNSCHEDULED DNA SYNTHESIS ASSAY

15-Hour Timepoint Number of data points is 12
Data DS Grains/ % of Nuclei with 25 Average CytoPoint Nucleus 5D * Net Nuclear Grains ** Grains *+

1 13.78 £1.52 80.7 9.942 12.65 £2.30 76.7 6.053 12.23 2.84 76.7 7.784 7.77 £1.73 62.0 5.715 9.26 £1.15 69.4 5.006 8.87 £1.15 66.0 5.527 9.14 21.48 80.7 4.178 6.01 £2.70 50.0 2.739 5.66 £1.99 46.0 2.5110 10.15 22.13 68.7 7.1511 11.02 £1.17 71.3 6.0912 15.40 £1.07 84.7 5.61
Average: 10.16 69.4 5.69spa £2.99 12.0 42.06Range:
Low 5.66 50.0 2.51: High 15.40 84.7 9.94_—

* US Average of net nuclear grain counts + standard deviation from tripli-gate or duplicate coverslips (150 cells) analyzed for a single animal.1" Average values for triplicate or duplicate coverslips for a single animal.a SD = Standard Deviation
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Protocol Fo. 43%ModtEted for 3H Corporation
IN VIVO/IN VITRO UNSCHEDULED DNA SYNTHESIS AND CELLPROLIFERATIONIN BAT LIVER CELLS

Hazleton Washington, Inc. GNA) will conduct his study in compliance with EPAand FDA Good Laboratory Practice (GLP) Guidelines. This ‘pecemser oriniihPhases of the vork in progress and che Final report WLLL be Subfecs to eratesQuality Assurance fn accordance vith SOPs at Hazleton Hashingeon. sac onlstudy WELL be conducted by HA at 9200 Lassbucg Fike. Viess, Simptess 22100)
FART 1. SPONSOR INFORMATION AND APPROVALS

I. SPONSOR IDENTIFICATION

Company Name:—MCorporation 000000
Address: ~Bullding20:28:02]3 Center.St.PaulMN55144-1000

II. ESTARTICLE IDENTIFICATION: —_—m

-_—

III. IESTARTICLEANALYSIS

Deteraination of the test article stability and the test articlecharacteristics as defined in the GLP regiations of For (hr con58.105), EPA-TSCA (40 CFR 792.105), and EPA-FIFRA (40 CFR 160.105) isthe responsibility of the Sponsor

1. NOTIFICATIONOFREGULATORYSUBMISSION
: In order to comply wich U.S. federal regulation codes (FDA, 21 CFR58.10; EPA-TSCA, 40 GRR 792.10; EPA-FIFRAL 40 GFR 160.10) wed cortersforeign agencies, consulting laboratories must be notified SE snr orPart of a study Ls to be submitted to the agency. HA- satnceinsBaster schedule of studies which fall under remilesory rovice Sioaenindicate which agency, LE any, Bight receive the reseive of thie Leen:

OT vnsecerntned m EJ mare EJ sare
Our Own Cow Comm
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v. STUDYDATES

Proposed Experimental Stare date:
Proposed Experimental Toratnation Date:

VI. APPROVALOFSTUDYPROTOCOL

Study Director:

eeVaria A Cifons. PhD.

Sponsor's Authorized Representative: ‘
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WASHINGTON Protocol No. 494Modified for 3H Corporation
PART 2. STUDY PROTOCOL.

IN VIVO/IN VITRO UNSCHEDULED DNA SYNTHESIS AND CELL PROLIFERATIONIN RAT LIVER CELLS
I. OBJECTIVE

The objective of this assay is to detect DNA damage and/or hepatotoxt-city caused by the tast material by measuring DNA repair ay wererocesisDNA synthesis (UDS) and coll proliferation (CP) measured as Segheceinduction induced in rat liver cells after in vivo treatment.

The existence and degree of DNA damage vill be inferred from anIncrease in net nuclear grain counts (UDS) compared to untreated race”The types of detectable DNA damage are unspecified but wuss narecognizable by the cellular repair system and reseie a’ coeincorporation of new bases (including *H-TdR) into the DNA, during ashort (4 hours) in vitre culture period (1).
Cell proliferation is designed to measure the fraction of cellsundergoing cell replication in rat liver using an fmmenchistechenton)technique (2,3). Animals are given a single oral dose of the chemiorand the livers are isolated following sdainistracion orbromodeoxyuridine (BrdU) for 72 hours in vive with an ALTE eemoterpump implanted subcutaneously. Quantification of cells thar heseincorporated DNA precursors over the 72-hour period hes been shou rebe useful for the evaluation of chemicals that may cause noreased ces)proliferation in the liver (4).

Ir. DEFINITION

The UDS assay 1s designed to measure unscheduled DNA synthesis (UDS) inzac liver cells (hepatocytes) using the autoradiographic. tachuiqesdescribed by Villians, 1980 (5). Hepatocytes vill be teelaced remm wgLivers of rats exposed in vivo to the test article. The incorporation. Of WTR into DA during in vicre culturing, as analysed. byaucoradiography, will bo used as a measure of the repair of DNA damagscaused by treaczent wih the cast article. This UDS messucsmert ot nbnZepals appears to correlate well with known mutagenic of oareinegentsactivicies of cheaicals.
Hepatotoxicants such as carbon tetrachloride and dfnitrotolucne inducean increase in cell proliferation to replace necrotic tissue (3 oy.These proliferating cells nay be detected during S-phase. smaiyois.Other compounds may indice S-phase synthesis in the absence of mepsro:toxicity. It Ls not apparent how cell proliferation aces i inecazeinogenic process, but there are mumerous processes that. an heaffected during replication (7-10). Chemically  indesed. soryproliferation may increase the probability of spontansous mutations es

February 1993 Page 3
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III. MATERIALS

A. IndicatorCells

The inétcscor celle for his assey VELL be Liver celle beatmed fromadult, male, Fischer 344 rats, (weighing 150 to 300 g), purchased fromBecien, Soran Dvter Tncaperres oe Ses 0,2 PchaseToe mali 1) be sed econo omeants desler,end SET od Fain GoretEioss Boe mea Sg peociduresad libitua. They will be quarantined a minimun of seven days prior toSec nan TSLA ar state ofseven days prior to
Hols, UIE Be seed to ementheriod he pac nhl, 2shout 60Tepe cries prio ampvioacion Son naar 0ban
The celle VELL bo cheatned by peckuston of che Live in sica wich «SoliSpeneed slucion (oes Section T Eepevinenees periL3 S53
SUTRuRs ithe om weed She oem ta daoekS Speen 13

For the cold proliferation assay, the antnals vill be sneschoctzedusing Metofane® (methoxyflurane, Pitman-Moore, Inc.) inhalationinettharia. ama one pan por anima vo ee Seems heeSibeutenaourly (lore urkecer eve HanpIGeY tosercedE01 neste irod ih 6 peter en Tem date antenlsendo fone ue
B. Mediumfor UDSAssay

ich 103 Forel bovine seman 5 oh Leglonseten ton heel CuPELemenced28130 yg unvamicin (Hen) EL whom EL SEEPSBEL Afiee So satan iohaens pee a Ber 22WET containing 10 uCi/ml *H-Tdr (40-60 Ci/mMole) (WME-treat).

February 1593 rage 6
004421

ey



® T -WASHINGTON
Protocol No. 494Modifled for 3M Corporation

c. OsmoticPumpsandLabelforCellProliferationAnalysis
ALZET® osmotic pumps (ALZA Corporation, Palo Alto, CA), Model 2ML1VILL be used. A single lot will be used throughout the’ study. aprALZET® Model 2ML1 osmotic pump has a 2000 #1 capacity with a pump rateof 10 4l/hz. The pumps will be £1lled vith bromodeesyuriaine Forayat a concentration of 20 ag/al.

D. ControlArticles

1. Vehiclecontrol

A vehicle negative control consisting of a minima of three ratsfor the UDS assay and five acs for cell proliferation. Tey nitbe treated with the vehicle or solvent selecced for tne bikmaterial. The same dosing methods (usually oral gavage) weed fothe test material treacaents will be employed Sor ire seriescontrol. Where possible dosing volumes for oral savage witj woexceed about 10 ml/kg body weight,
2. Positivecontrolarticle

The positive control articles used are known to induce UDS orS-phase in rat hepatocytes in vivo. The positive control for theUDS tiaepotnts (2-4 hours and 15 to 16 hours, dimethyiateraccatny(DM) vill be dosed ac 10 to 20 mg/kg. For cell proifercerme ag£0 25 mB/Kg of DH vill be used as the positive coneror, ae Tearschree rats for UDS and five rats for cell proliferation wilt oetreated by intraperitoneal injection for each nipoioe
E. TestArticle

Unless specified by the sponsor, the test arcicle will normally betested as supplied.” Any operations performed on the test avert hun23 grinding, extraction, or solvent. exchange must be specified by nn. sponsor prior to the initiation of testing. ALL operacions pertorenon the cost article vill be described in the fines sepove

w. [EXPERIMENTAL DESIGN :UDSASSAY

A. DosingProcedure

A preliminary test will be performed to determine vehicle/solventselection for the test article unless a vehiclessolvent i soocteioyby the Sponsor. Materials which mey be selected include weeormethylcellulose, carboxymethylcellulose, corn ofl or ansthes sutecmnsvehicle/solvent. Rats will be treated by oral gavage with th monearticle in volumes that will not exceed absut 10 mlikg body meine.
February 1993 Page 5
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Nodes or Se eos
Kisarmace costes of exporuce aay be cequesced by the Sponsor, btion i,"Wo anared br Se spon. om
Tevting pocpese.~ Seubiiity oe Teeyenicle,MLLbe used for amyrepanicion on dosing HiT) be the Sone material under conatcions

B. DoseSelectionandPerfusionTime

Unters spectEted oehervise, che highest dose sloccod wil usually beTone TENE Se ha thee daselected will ueually beSeat appeectaiary ery Lay ata Fou doves vl beCorer antantes po amma por” someriold Silytlon stepsana«minimus ofEoraed Tor 035, one ppt nresS Gy Be inepelnts VILL be perTE Toe tone materi TE GT 13 52 16oursartes single doae
C. PreparationofHepatocytes

hia assay ta based on the procedures described by Nil1tams, 1980 (5,Treats yon and usecase Eo ea bad byWilliams,1980 (5),Tad neparonpeen wiih oe eniets by and Butterieren be ol, 1967£o2 shou Sinecos wet Hes ne37perfusion of Livece 10 aioContaining 0.5 wh eytonegiyoBon eeehs eyELE200)Soveie acta (3h end 30 em ky miooethyl siher)¥, coca:
100 units/ml of collagenase will be perfused through the liver forShout To" Yimaeen Depeniing on heron, Shroush the Liver foxTine say So a1Seved sy £5 eens, fhe Sondicienofth Mver, this
Crnraining the HEL oupmuny enchant Hover clastsin culcure ata
ra abe. The” cok sespenman wn ele£2remove coll clumpsPollan Tesiepented tn WB Rene Botan pat 8 She cel]
0.5 x 10° viable cells in 3 ml of WME+. Culture dishes that will beCand To the O05 assy WELL comet and on Sisheethat vil be
Celtures wilt be doom ir ioloney, Will hovenoc
An attachaont parted of 15 to 2 hours at 37°C in a hemtatiedSamah containing 5% oo vi be Bonnets Sn8 umtatetedGrariiches colle viik thon be monn, yond, 0secant cer)EeEes ith 3.5 al He treaty “Prova or AES LYS+ oom
red meena ea Sasa,tev Teplisaies will benelyata Tne event Cochea aining Sloures vilLbekept
Actachment efficiency vill be determined for two exicuses from eachanimal using trypan blue dye exclusion and in situ analysis.
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After a labeling period of about 4 hours, labeled cell cultures willbe refed vith WEL concalning 0.25 mi ehyaldine and retemen ro iitincubator for 16 to 20 hours. The muclel will then be. seclisn nyaddition of 11 sodium citrate to the cultures (somcatniog men)monolayers) for 8 - 12 ainuces. Next che celts wir me bec Lhacetic acidiechansl (1:3) and dried for ac lease 28 hese riecoverslips will be mounted on glass slides, Alpes in en oorssion oeKodak NTS? and vater and dried, The emiiston cested ertams erty oFstored for 7 to 10 days ac °C in Tighttight hover semeaiatyDrierite. The emulsions will then be developed fn Dio, Eres ondstained with Willlans' modified hematoxylin and sostn proc ms,
D. DSAnalysis

For the US analysis, the cells will be examined microscopically acapproxinately 1500x magnificacion under ofl fmmersins ees’ ors Slorydisplayed on the video screen of an automatic somber. © VDE iii Lemeasured by counting nuclear grains and subtracting the average oomboeOf grains in three nuclear sized areas adjasert ro eet mint(cycoplasmic count). This value is referred to as the. mor mociestgrain count. The coverslips will be ceded to prevent Biss in eenCounting.
The net muclear grain count will be routinely determined for50 xandonly selected cells on each coverslip analysed for Bo. Onesnormally appearing nuclei will be scored, and amy occasions mors]blackened by grains too nunerous to count Wil be sxelaten mr bonic thhich replicative DNA synthesis occurred rather then pepsir syeomioe”The mean net nuclear grain count will be decernined fem toiomiiisscoverslips (150 total nuclel) for each treated animal. oecisiimsiie:a coverslip may be recounted ac a later date we by x rereiistechnician. Since a different cell population WEL} ganersirs bescored, the average of these repeated counce for 50 ceils ors te uernin the calculation of the mean for each aniest.

: V. EXPERIMENTALMETHODS:CELLPROLIFERATIONANALYSIS
A. TreatmentandDoseLevels

All animale will be dosed as described in the US section. Fiveaniaals £rom each dose Level and control group will be ued oh anaiomscell proliferation at 7hours.
B. ImplantationofOsmoticPumps

ALZET® Model 2ML1 osmotic pumps will be preloaded with 2000 sl of BrdUat a concentration of 20 mg/al. The aninals vill be sntochecriousing Metofane® (methoxyflurane, Pitman-Moore, Inc.) inhalationanesthesia and one pusp per aninal will be ssepticolly sarericy
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subcutaneously (dorsal surface). The inclsion will be closed withwound clips and the antaals monitored until the tine of seertpor chensure that there are no clinical signs of infection ‘Tar eeriePaps WLLL be kept In the rata for theee days prior os sarrifins

C. TissueCollectionandPreparation

Bach antnal will be anesthetized prior to resoval of organs foranalysts. The choracic cavity vill be opened and the Atvert remorchand fixed In neutral buffered formalin, A cross section of suman:& Clusue with high cell turnover, will also be removed fea mohaniaal and £ixed. "The duodemsn will be included as. an Ledlommnt thetthe label was sdatniscared correctly co tho. animal. Foc. soe riiret5 parafein subedded sections vill be taken Eres the Sete ames!Eight median, and right anterior lobes. Similarly prepeves beeroisof the duodenum will also ba made. The sections will ee sommes ns511403 and a sample Econ che duodenum will bo fncloded on ent cose”Slides ‘VILL ‘also be prepared for analysis bye pechointin esdeteraine Lf any sbuoraulicies are shaerrad.
D. ImmunchistochemicalStaining

The slides will be deparaffinized and rehydrated prior to staining
using 1) the BIOGENIX Supersensitive Kit using DAB stain andhematoxylin counterstain, and 2) hemstorylin nd osin.

E. Assessmentof CellProliferationRates

The section of the intestine will be microscopically examined toensure that the label was properly adatnistered to. th rei toadequate labeling is not chasrved, s1ides fron the parcioirs simsWILL not bo analyzed. Once label distribution has heen cortirems tsampling of Liver slides fron the different Laver vill bo cmrmied’ chdeternine if differences in labeling are bsorved. If a Siemtiicacsdifference in labeling index (L1) among the liver lobes. 1s spremsan.S11 the lobes will be counted. I mo differences sre comemves!Labeled hepatocytes fn the lofc lobe will be determined ‘ae sect2000 mucled vill be exanined per aninal vith a ainimm of § Fieids poesection analyzed. Counting will be confined to hepatocyte mocies borother cell types such as inflammatory cells. may be sommes(separately) Lf the dace appears relevanc, Tha comselies wir aecoded to prevent bias tn comeing.
VI. DATAPRESENTATION

The £1nal report will tnclude the folloving information in tabular form£or each timepotnt, for the negative control, positive somsrer. sag romanalyzed treatment!
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For ws:
© Te mean net nuclear grain counc for triplicate cultures (usually a£otal of 150 colls) + standard deviation for sach anton ansiyoes Jonws:
© The mean percent of cells containing five or more net nuclear grains£or triplicate cultures for cach animal analyses foe Uae:
© The average cytoplasatc count for triplicate cultures for each animalanalyzed for Ups,
© The level of scheduled DNA synthesis (percent of heavily lebeledcella) for cach animal.
+ Perfuston and culture data for {ndividual animals.
For Cll Proliferation:
© The calculated £S-phase + scandard deviation among the three slidesFor cach animal analysed for 5-phase.

VII. ASSAYACCEPTANCEANDEVALUATIONCRITERIA: UDS

An assay normally will be considered acceptable for evaluation of the testTesults only Lf all of the criteria listed below mes sorinfadl® bootListing may not encompass all teat situations, so the ste Simeesor otexercise scientific Judgment in modifying the criveris br sesciieminother causes that might affect Tellability and aesepernce.
1. The viabilicy of the hepatocytes collected from the perfusion processnormally exceeds 707. A variety of factors sun affect soil glia eonTisbility, so values below 101 are no uncommon mor melsererin:detrimental The toxicity of the treatasnt vith the test meters Lo). be reflected in perfusion viability, therefore no Teves ite cri elsec,
2. The viability of che monolayer cell cultures used for the assay creat.Bents must be 70% or greater. Normally, the viniliey of SerrataCells is about 85%.
3. The posicive control is used to demonstrate that the cell populationemployed was responsive and the methodology was sdeqercs bn iondetection of UDS and S-phase. For test materials causing veo or meDS activity, the average response to the positive contrey. reetomnrsmust exceed ‘either criteria used fo Indicate UDG. The pocrerescontrol for S-phase must have greater than 1% of the carts bescheduled DIA synchests. For test materials clearly comming mos:
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Selated UDS or S-phase activicy, an assay vill be acceptable in theabsence of a positive control 10st for technical reasons

4. Data obtained per antaal vill be acceptable as part of the evaluationLE obtained from two replicate cultures and at least 56 mucter sonculture for WS. Data should be available from 2 of hes mesmbetreated.
5. A minima of 3 dose levels will be analyzed for both US timepoints.Repeat trials need only augaent the musber of analysed dure meresn iathe first trial to achieve a total of 3 concemsrscions: bar muirinclude ac least one dose previously assayed as sccepeamic.

Several criteria have been established which, if met, will providebasis for evaluation of a Cost articls as active in the UBS assy.The criteria for a positive respons are based on a stacleciesanalysts of the historical date as descrived by Gaselamo sad opior
an.

1. The ces arcicle will be considered active n the UDS assay atapplied concentrations that cause:
© An increase in the mean net nuclear grain count to at leastfive grains por nucleus above the concurrent Aegative. comtetavezage leading to a positive muber. anger;
+ An incresse in the musber of miclel with five or more metgrains such that the average percentage of these puclel 1a tearcultures is 102 above the percentage fn negative. commonsCultures.

Generally, 1f the first condition is satisfied, the second conditionWill also be met. However, satisfaction of only one concioies conalso indicate UDS activity. Different DNA-danagiog agente com givenvariety of nuclear labeling patterns, and weak agence may scoonglyaffect only a small afnority of the cells. Therefore, och ob oadabove conditions vill be considered In an evaluation. Tn cases shoreincreases are not observed in all thre animals, the tose materisiV1 be considered active for that condition if cells from sve of thethree aninals show increases. If the negative control seliuses shoa0 average less than -5 or more than one grain por mucous, the ereyVIL normally be considered tovalid:
2. The test article is considered negative Lf none of the abovecriteria are met.
Vhen results are neither clearly postive nor clearly negative, thePresence of a dose response, the Frequency discribution of seiiuineTesponses, and the reproducibility of data snens animals Le conerderes
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in the evaluation. Groups in which one out of three animals showsincreases in labeling will be decided on a case by case basisdepending on the level of activity in cells from the active animal,the level of activity in cells from the inactive animals and thepresence or absence of activity in surrounding groups.
The positive control nuclear labeling will not be used as a referencepoint to estimate mutagenic or carcinogenic risk associated with sheUDS activity of the test article. UDS elicited by test agents in thiyassay Ls probably more dependent on the type of DNA damage Inflictesand the available repair mechanisms than on the potency of the eseagent as a mutagen or carcinogen.
Some forms of DNA damage are repaired without the incorporation of newnucleic acids. Thus, the positive control will be used to demonstratechat the rats were responsive and the methodology vas adequate for thedetection of UDS.

VIII.ASSAYEVALUATIONCRITERIA : CELLPROLIFERATION
A mean and standard deviation for the percentage of S-phase cells will becalculated for each treatment group using the individual animal mean S.Phase values. Statistical analysis of labeling index will be perforsedUsing one-way analysis of varfance techniques (12). Control versesCreatment group comparisons were done with Dumnet’s t-test (13,14). Tnthe case of variance heterogeneity, rank transformation of the data willbe performed prior to analysis of variance and Dunnet's t-test. An 5.phase percentage in a dose group that deviates from the S-phase percentageIn the concurrent control group at a significance level of p<0.05 will beconsidered significantly different than the control group.
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X. REPORTFORMAT
The final report will provide the following information.
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+ Sponsor identification.
+ Test material identification and Assay Number. A physical descriptionof the test material and date of receipt will be included in thissection.
© Type of assay and protocol musber.
+ Dates of study initiation and completion.
+ Names of Study Director, Senior Technician, Scientist- Interpretation of results.
+ Conclusions.
+ Historical control data for negative and positive control cultures.+ Signatures of Study Supervisor and Study Director.
+ Test results presented in tabular forms.
+ Methods.
+ Evaluation criteria.
+ References.
© Quality Assurance statement.

XI. CHANGESORREVISIONS
Any changes or revisions of this approved protocol will be documented,signed by the study director, dated, and maintained vith this protocol,The sponsor will be notified of any change or revisions.

XII. RECORDSTOBEMAINTAINED
All raw data, documentation, records, protocols, and final reportsgenerated as a result of this study will be archived in the storagefacilities of Hazleton for at least one year following submission of thefinal report to the sponsor. After the ome year period, the sponsor mayelect to have the aforementioned materials retained in the storagefacilities of Hazleton for an additional period of time or sent to astorage facility designated by the sponsor.
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