Contents

LSt O GO I UL O S oottt e e et et e e e e e e e e e e e e e e e e eee e e e eeeeeenenes XVIl
O T WO .. ettt e et e e e e et e e e e e e e e et e e e e e e e e e et e e e e e eeereeaeaeaaeeees XiX
P o BT A C e e e e e e e ee e e et ——ea e et ——————— XXI
Chapter 1: A Practical Guide to Genetic Toxicology Testing.......cccoccevvreeirnerieniinnenen, 7
Ray Proudlock
5 o} {0 Yo U o3 £ o ] 4 FURTR T O UUT OO URP PR RTTTR 1
R BT B B Sttt ettt et e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeee e ettt eteertee e —————————————————————————————————— 3
Chapter 2: General ReCOMMENAAtIONS.......ccvi i 5

Ray Proudlock

2.1 EStabliShiNg @ NEW ASSAY .....iiiiiiiiiieie ettt 6
2.1.1  MethOd Set-UpP ..ot reeae s 6
2.1.2 Method Validation........ccoouiiiiiii s 8

2.2 Spreadsheets and Manipulationof ReSUltS........ccceviiiiiiiiine 10

2.3 Laboratory Historical Control Databases.......ccccviiiiiiiiiininen e 11
2.3.1 Vehicle/Negative Control Database..........ccccccvivveiiiiii e 1
2.3.2 Positive Control Database. ..o 13
2.3.3 Spreadsheet CalCulationsS. ...t 13

2.4 Use Of COMPULET SYSTEMIS ...ttt 13

R T (1o |V B XS] o | o OSSR OSSR 15

A I Y [V E-a [ ] O L (= T OSSPSR 17
2.6.1  Valid ASSAY ....oiiiiiiiiie ettt e ae e nre e 17
2.6.2 Criteria for Interpretation 0f RESUIS........ccceiiiiiiiic i 18
2.6.3  STAtiSICAl ANAIY SIS .iiiiiiiiiiiiiecie e 19

2.7 0rganization 0F SOPS...i i 20



vi Contents

2.8 Planning @ STUAY .occviii et 22
2.9 Preparing a Protocol Complying With GLP ..., 23
2.9.1  Standardized Boilerplate ProtoCoIS.......ccoooiiiiiiiiiiiiiee e 28
2.10 COolECtiNG RESUILS....iiiiiiice ettt 29
2.10.1 Data Tabulation ... 30
2.10.2 Presentation of Report Tables. ..., 30
0 R YT 0 Lo £ PSPPI 31
2 N - U1 1 o OSSP 36
2.13 Improving Quality and EffiCIENCY ... 37
2.13.1  Improving QUAITY ....ooueiiiie e 38
2.13.2 Minimizing the Potential Problems on StudiesS........ccccviveviivviiecccie e 38
2.13.3 Reducing the Need for Repetition of Parts of the Study.........cccceevvernnnne. 39
2.13.4 Accommodating Repeat or Supplementary TestS.......cccccvvvvvriieiiniineiieniinnn 40
2.13.5 Running More Studies in a Given Timeframe........ccccooeviiiniinninne i 40
2.13.6 Timeframe for ROUtINE STUTIES......cccveiiiiiieie e 41
2.13.7 Reducing the Effort Needed to Prepare Protocols, Tables,
AN REPOITS.c.oeiiieeee et nae e ens 43
2.13.8 Reducing the Effort Needed toPerform the Study.......cccccvvvvieiiecieiieennn. 43
2.13.9 Reducing Costs or Labor Requirement........cccovveveeieeiieiee e see e 44
2.04 QA ettt nreaneens 45
2.15 Qualifying a Contract Laboratory ..o e 47
2.16 Responsibilities of the Study MONITOT........ccccieiiiiiec e 48
R (=T A=Y Yo T PO PR PPN 49
Chapter 3: Formulation 0f Test ATtiCIES. ..o 51
Annie Hamel and Ray Proudlock
T8 A 14 o o 10 T3 4 o o PR PROPTRPRIN 52
T 0 S 7 ¥ -1 1 PRSP 52
3.1.2 Selecting an Appropriate FOrmulation...........cocooeiiieninieie e 52
3.2 FOrmulation LabOratOri@s. ..o iiiiieiieie e st 53
3.2.1 Designing and Equipping a Genetic Toxicology Formulation
F N - TP PP PUPRP PR 53
3.2.2 Personal Protective CIOthing.......cccooiiiiiiiiiie e 56
3.3 Safety Datd SHEETS ... e 57
3.4 Receipt 0T the TeSt ATTICIE ..o 59
3.5 Formulation Types and Planning......cccciiiiiiiiiiiiiieeesieesee e 59
3.6 Solubility and In Vitro Compatibility TeSting.......cccecoveviiviiiiiicieieceeee e 60

3N T R 1 0} 4 o Yo [ o3 Lo o U 60



Contents vii

3.6.2 ChOICE OF SOIVENT....coiiiicec s 61

3.6.3  SOIUDIILY TeSTING ..eiiiiiiieiice e 62

3.6.4 Calculations and Checking: Small-Volume (In Vitro) Assays......c...cccee..... 64

3.6.5 Compatibility of Formulation with Culture Medium........c..cccoooeevviivecinennen. 65

3.7  Formulation 0f D0SE SOIUTIONS.....cciiiiiiiiecice e 68

3.8  Formulation of Bulk FOrmulationsS.........ccoceiiiiiiiiiee e 71

3.9  Formulation Of SUSPENSIONS....cciiiiiiiiiie ettt 71

3.9.1 AQueous SUSPENTING AGENTS......ciiiieiiiierie ettt 71

3.9.2  Large VOolume SUSPENSIONS......uciiiiiieiieie sttt 73

3.9.3  Small Volume SUSPENSIONS.......ciiiiiieiieiie et 74

3.10 Chemical Analysis and Stability ..o 74

=Y =T €T Lo = USSR 77

Chapter 4: The Bacterial Reverse Mutation TesSt.......cocoiiiiiiiiiiee e, 79
Annie Hamel, Marise Roy and Ray Proudlock

o R 1 011 (oY [U ot 4 o o PSR P ORI 80

N o N ] (0] VPSP PP 80

i T e 0T F= Y0 1= o1 - USSR 83

A4 EQUIPMENT. oottt sne e 84

A5 CONSUMADIES ..o et ne s 85

4.6 Reagents and R ECIPES ..ottt ae e e aeeneeee s 86

46.1 AMPICIHIN 2 PY/AISC.iiiiiiiiiiie e 87

4.6.2  BiIOtiN 0.37 MO/ML oot e 87

4.6.3  Crystal VIolet 5 Pg/aiSC..uiiiiiiiiiiiiiiieiie ettt 87

4.6.4  GlIUCOSE 0.4 g/ML .ot 87

46,5 GO6P 1IM: Glucose-6-PhoSphate.........ccccccieiieiicicieicececece e 88

4.6.6 HBT: 500 pM Histidine, 500 pM Biotin, 500 pM Tryptophan Solution .. 88

4.6.7  Histidine HCLH20 5 mMg/ML ..o 88

S T <0 \Y/ o SRS 88

A4.6.9  MGA PlateS..iiiiiiiie et 88

4.6.10 Minimal Glucose Master (MGM, MGMA and MGMAT) Plates.............. 89

4.6.11 NADPO.LIM et 90

4.6.12 NULHENt AQar PlateS.. ..o 90

4.6.13 NULHENT BrOth ..o 90

4.6.14 Phosphate Buffer 0.2 M PH 7.4 ..o 90

4.6.15 Positive Control and Diagnostic Mutagen Solutions..........cccoccevvenieeiinenne. 90

I T I o - 1o 1 [0 o PSSRSO PP 91

T A 1o N Y SRS 91

4.6.18 TetraCyCline 1 PO/diSC...ccciiiieiiiiiiiie et e 92

4.6.19 Top Agar INCOMPIEte: TA .o 92



vil  Contents

4.6.20 Top Agar Complete: TAC ... 92
4.6.21 Tryptophan 5 mMg/ML ... 93
4.6.22 VB Salts 50 X : Vogel-Bonner Salts.......cccccvviiiiiiiiiieeeeeenee 93
4.7  Suggested Phases in Development of the TesSt......ccccooiiiiiiniicice 93
4.8  The BaCterial StraiNS. ...ttt erbe e s sbae e 94
4.8.1  Genotypes of Routinely Used Strains........ccccoovviiiiiiesinie e 95
4.8.2 Obtaining the Tester StrainNS........cccviiiiiiiniice e 95
4.8.3  Receipt of Bacterial Strains.......ccoiviiiiiiiiieeee e 96
4.8.4  Phenotyping of New IS0Iates........ccccviieiiiiii i 98
4.8.5 Freezing of Selected Isolates.........cccooovvveeviniennieninnnn. 100
4.8.6  Diagnostic MUAgEN T eSt... it 101
4.9  ROULINE TSTING . eiiiiiiieiie ettt te e st e e s reesraenreenree e 105
4.9.1  DeSigNINg @ STUAY ....ociiieiieiie e 105
4.9.2 Test Article ConSIderations.......ccocevieiieiiiniiin i 106
4.9.3  POSITIVE CONTIOIS....cciiiiiiiiieiieiee e 113
4.10 Standard TeSt PrOCEAUIES.....oii ittt 114
4.10.1 Plate Incorporation Method........cccocviiiiiiiiieii e 114
4.10.2 Preincubation Method. ... 115
4.10.3 Standard Study DeSIgN........ccceiieiiiiieiee e 116
4.10.4 Examination 0f the PIatesS......ccccoiiiiiiiiiiii e 118
4.10.5 Interpretation Of ReSUITS.......coiiiiiiiii e 119
4.10.6 Presentation Of RESUILS.......cccooviiiiiiiiie s 121
4.10.7 Testing of Volatile and Gaseous COmMpPouUNdS.......cccccveveereeiieneeneenienn 125
I RS o (=TT o g T T ] € SO PRP PP 126
4.11.1 Simplified TeSt SYSTEMS...cciiiiiiiiiere e 126
4.11.2 Screening Tests Using Standard Tester Strains..........cccoeeeveeveeieerieenens 127
4.11.3 Reduced Format Tests UsingStandard Tester Strains..........cccoccevevervennen. 129
4.12 Appendix 1. Growing and MonitoringSuspension Cultures..........ccccoceveneee. 130
= =T E=T o= 134
Chapter 5: The Mouse Lymphoma TK ASSAY ....ccccciieiieiieiieiee e 139
Mick Fellows and Melvyn Lloyd
TS0 A 104 (oo LU Yox 1 o} o PSSR 139
ST o I TS] €0 Y S OUS S USTRO 141
5.3 Provenance 0f the CellS..... e 143
5.4 Spontaneous MUutation FreQUENCY .....ccceiiiiiie e et 144
SR T Y - L =T AT LR 145
B 0. L SAT Y i 145
5.5.2  Growth MEIUM .....oiiiiiiiie e et 145

5.5.3 Gl CUIUTE e 146



Contents ix

554  Metabolie ACHVALION ... e 147
0.5.5  TBSE TTBIM oottt nree s 148
5.56 VEBNICIE o 148
5.5.7  POSILIVE CONIIOIS...c.iiiiiiiiieece e 148
ST TS 0 L0 YA B =T T ] o SRS 148
56.1  General Test CONAITIONS.....ccciiiieiiiiie et 148
5.6.2  Preliminary TOXICILY TSt ..ot 150
5.6.3  Main MULALION T EST..iuiiiiiiiieiesiieie e 151
5.7 EVAIUALION CrItIIA iiiiiiiiieiie ettt sttt sre e e nns 155
5.8 Predictivity 0F the MLA ... 156
=Y LT =Y o] =T SRR P 158
Chapter 6: The In Vitro MICroNUCIEUS ASSAY......ccciviiiiiieeriieiieiieseesee e see e sae e 161
Ann Doherty, Steven M. Bryce and Jeffrey C. Bemis
B.1  INTrOAUCTION .uiitiiii e bbbt be b e be st 163
6.2 Practical CONSIARIAtIONS. ......oiiiiiiiieiie e 165
6.2.1  Regulatory GUIAEIINES.......ccviiiiiiiiice e 165
6.2.2  Good Laboratory Practice (GLP)....ccccoiiiiiiiiiiiee e 165
6.2.3  Cell TYPES et 166
6.2.4  Laboratory ProfiCIENCY ... 166
B.2.5  CONTIOIS.c.iiiiiiiiie e 166
6.2.6  Metabolic ACHIVALION.....coii i s 167
6.2.7 S99 Rat Liver HOMOQENALE ......oiieiiiiiiiiiieiieeeee et 167
6.2.8  EXperimental DeSigN ... s 167
6.2.9  CyYLtOtOXICIY MEASUIES.....iiiieiieiieeiie ettt 167
6.2.10  HiStorical CONTIOIS......ccouiiiiiiieiicieeee e 169
6.3 M BTNOUS ..o nes 169
6.3.1  MONONUCIEAI ASSAY ....eiiiiiiiiiiitiiieite ettt ae e 169
6.3.2  BINUCIEAr ASSAY ...c.eiiiiiiiiii ettt 169
6.3.3  Centromeric Labeling.....ccccouiiiiiiiiii e 169
6.3.4  NONAISJUNCLION ASSAY ...eiviiiiiiiiiieiesie ettt 170
6.4 IMATEITAIS ..ot bbb 171
6.4.1  MONONUCIEAN ASSAY ...uuiiiiieiieeiieesie e st e s teese e e e ste e ae e e e ae e steesnaeeanaeeenes 171
6.4.2  BINUCIEAI ASSAY ..iiiiiiiiiiiiiiitieriee ettt b e bbb 172
6.4.3  Centromeric Labeling ... 172
6.4.4  NONAISJUNCLION ASSAY ..iciiiiieieeiieeiteecie e e e steesee st e stee s e sae e e e saeaneeenne e 172
8.5 PrOTOCOIS. .. i 172
B.5.1 SO MiXuiiiiiiiiiie ettt a et e et reene s 172
6.5.2  MONONUCIEAT ASSAY ...eiiiiiiiiiieiieite ettt sre e 173

6.5.3  BINUCIEAI ASSAY ...iiiiiiiiiieiiieitie ettt ettt e 177



X Contents

6.5.4  Centromeric Labeling. ..o 181
6.5.5  NONAISJUNCLION ASSAY ....eiiiiiiiiiiiiieite et se e st see s ae e srae e sre e seenre s 183
6.6  Flow Cytometric Method.......ccoooiiiiiiiecie s 184
B.6.1  EQUIPIMENT ..t 184
6.6.2  CONSUMADIES....ciiiiiciee e 185
6.6.3  Reagents and RECIPES....ccciiiieiiere ettt et et 185
6.6.4  Suspension Cell ProtoCol..........cveiieii e 187
6.6.5 Attachment Cell ProtoCol........cccoviiiiiiiiicc e 188
6.6.6  Flow Cytometric Data ACQUISITION.....cccciviiiiiiiiii e 189
6.6.7 Flow Cytometric Data ANalYSiS......ccccceviiiiiieiiieiieiie e 193
6.6.8  Creating an Analysis TemMpPlate.......ccccoiiiiiiiiiniin e 195
6.6.9  Example Plate LayOuUt......ccociiiiiiieie e 198
6.6.10 Example Results Table ... 199
6.6.11 Advice for Test Article EXPOSUIE....ccccciiiieiiiece e 200
6.6.12 Use of Multichannel Aspirator with Bridge.......ccccccevviviiveevieveeciecie, 202
6.6.13 Plate Placement During Nucleic Acid Dye B Photoactivation................ 203
6.6.14 Updates and FUTUIe W OIK........ccoooiiiiie e 203
=Y = T Yol T PP STPROPTP PRI 203
Chapter 7: The In Vitro Chromosome Aberration TesSt......ccooviiininiiininniiniin e 207
Marilyn Registre and Ray Proudlock
% T 1§ oo [V Lo} 4 o Y o DRSSPSR 208
7.2 HISTOTY ettt b bbbt b e b e bt e bt e et nneas 209
7.3 FUNAAMENTAIS. ....iiiiiiciee et nenns 211
T S = o LU T 0141 L PSSR 212
7.5 Consumables and REAJENTS......cccoiiiiiiiierie s 214
7.6 Reagents and RECIPES .ot et te e te e e e sreenns 215
7.6.1  Colcemid 10 /ML iN PBS....ocoiiiie e 216
LT D S PSSR 216
7.6.3  F-12 COMPIELO..coiiieee e 216
7.6.4  Freezing Medium 10% (CHO CellS).....ccooiiiiiiiiiieceeeeee 216
7.6.5 Hypotonic Solution (0.075 M KCL).....ccccoeiieiiiiiieie e 217
7.6.6  Heparin Sodium 1000 U/ML ....ccvviiiiiieecie e 217
7.6.7 G6P 1M: Glucose-6-PhosSphate........cccoviiiiiiiiiiniieiie e 217
7.6.8 KM g it a e r e 217
7.6.9  NADPO.LIM et seesne s 217
7.6.10 PHA M Form (Phytohemagglutinin).........cccceviveiieiiiiece e 217
7.6.11 Phosphate Buffer 0.2 M, pH 7 .4.................. 218
7.6.12  Positive Control SOTUTIONS......c.ccviieiiiieiesc e 218
7.6.13 RPMI COMPIELE. ..ot 218
7.6.14 SO FraCtiON....ccieieiiiiieie ettt sttt 218

T.6.15 SO IMIIX . ittt ettt 219



Contents xi

7.7 Phases in Development 0f the TeSt....ccoiiiii i 219
7.8  Cell CharaCterizatioN.......cccveiiiiiee et sre e e aeesrae e 221
7.8.1  Modal Chromosome NUMDEr ... 222
7.8.2  MYCOPIASIMA. . it 224
7.8.3  Cell-CyYCle TIM e it 224
7.9 ROULINE TeSTING . iiiiiiiieiie ettt et a et e e nreesneesnee e 225
7.9.1  General ConSIAeratioNS.......cccviiiiiieiiiieie e 225
7.9.2  DO0SE REGIMENS...cuiiiiiiitieie ittt 225
7.9.3  Metabolie ACtivation SYSTEM......cccoiiiiiiiieiie e 226
7.9.4  Test Substance ConSIAErations..........cccevvveiieiiesiiesie e 226
7.9.5  Vehicle Selection and D0Se VOIUME........ccovviiiiiiniiniinnie e 227
7.9.6  D0Se LeVel SEleCION......ccciiiiiecce e 227
7.9.7  POSITIVE CONIOIS. .ot 230
7.10 Standard TeSt PrOCEAUIES.....cooiii it 230
7.10.1 Experimental Design Spreadsheet..........cccccvevveiieiieiie v 231
7.10.2 CHO Cells: TeSt PrOCEUUIES.....ceiiitieiieiieie sttt 233
7.10.3 HPBL TeSt PrOCEAUIES. ..ot ettt 238
7.10.4  Slide Staining: All Cell TYPeS. i 241
7.10.5 Selection of Slides for Detailed Examination..........ccccooceveveinieninnnnnenn 242
7.10.6  Slide COUING..ccccieiieeiiiecie e
7.10.7 Preliminary Slide ReadiNg......cccooveiiiiiiiie i 243
7.10.8  SHAE SCOMNG...ciiiiiitiiieiiteee e 244
7.11  Interpretation OF RESUILS......iciiie e 253
7.11.1  Evaluation Of TOXICITY ...ccveiieeiie e 253
7.11.2 Validity 0f the STUAY .cccoeiiiiec e 253
7.11.3 Criteria for Negative/Positive/Equivocal Outcome.........cccceevvevveieennnenne. 253
7.11.4 Interpretation of Numerical Aberrations........c.cccooeieiie s 257
7.11.5 Unexpected and Borderling ResUltS........cccooeiiiieniiicineee e, 257
7.11.6  Follow-up 1IN VIVO TESTING....cceiiieiiiiieiiieeisieee e 257
00 A = =T oo {12 Lo TS 258
7.11.8 Historical Control RESUILS.......c.ooiiieiiece e 262
7.11.9 Testing of Volatile and Gaseous Compounds.........ccccceevverieiineiinesineennn, 262
7.12 Screening Versions OF the TeSt. .o 263
A R T AN U (0] £ - L { (o ] T 264
=] =T €=T Lo =PRSS 264
Chapter 8: The In Vivo Rodent MicronuCIEUS ASSAY .....ccccevirieiieniniieniinieneeseeie e, 269

Laura Custer, Ann Doherty and Ray Proudlock

o A o { o Yo LU o3 A 1o ] [ 270
ST o I 1 (0] SRS 271



Xii

Contents
8.3 FUNAAMENTAIS ..ot e 271
8.4 Test Substance CoNSIARIATIONS.....cciiiiiiieiieiie e 273
ST (0L YA B XS] o | o RSSO 273
8.5.1  Animal Source, Housing, Maintenance, and Identification.................... 274
8.5.2  Animal Species, Strain, Age, and SeX......cccccevieriiiiieiiieeie e, 275
8.5.3  Historical Negative/Vehicle and Positive Control Data.............c.ccveuveenee. 276
8.5.4  Number and Size of Treatment GroupS........ccovvvveiininienenieere e, 277
8.5.5  Acute and Repeat-Dose Schedules........c.ccoovevieiiiiiii i 278
8.5.6  DO0Se LeVel SEIECHION. ... s 279
8.5.7 Dose Range-Finding EXPeriment........cccoviiiiniinienc e 280
8.5.8  D0Se AdMINISTIATION....cccviiieiiiiie it 281
8.5.9  DO0SE VOIUME....ciiiiee e e 281
8.6 ManUAl MEtNOUS. .....ioiiiieie bbb 282
8.6.1 Equipment and Consumables........cccocceiiiiiiiiiiii e 282
8.6.2  Reagent Preparation........ccccccveiieiieiieiie e sie e see et sae e 282
8.6.3  Sample Preparation. ... 283
8.6.4  MICroSCOPIC MEtNOUS.......c.eivuiiiiiiieeeee s 283
B.6.5  RECOIUS....eiiiiiiie e 290
8.6.6  Identification of ANeUgENIC AGENTS ... 291
8.6.7  Centromeric Staining Using FISH .........ccccocoviiiiiieie 292
8.6.8  Kinetochore Labeling ... 294
8.7 Automated Analysis and FIOW CYtOMEetry ... 296
8.7.1  INAIVIAUAlI REAGENTS . ..civiiiiiiiiiiiiie ettt e 297
8.7.2  Solution and Material Preparation..........cccccccvevievieeiicvee s 297
8.7.3  Flow Cytometry Method.......cccociiiiiiiiiecee e 299
8.7.4  Blo0d COHECION......iiiiiie e 299
8.7.5 Bone Marrow Collection and ProCessing......ccccoceeererieineneenenennie e 299
8.7.6  Collect and Fractionate Bone Marrow Samples......c.cccvveviiiieiiennennnenn, 300
8.7.7  Fixation of Blood and Bone Marrow Samples......cccccccevvvevivevieciinennnns 300
8.7.8  Storage of Fixed SampPles......cccviiiiiiiii e 303
8.7.9  Transfer SAamples t0 LTSS ... 304
8.7.10 Label Washed Samples for Flow AnalysSiS........cccocceviviviiincieiieece e 305
8.7.11 Flow Cytometric ANAlYSIS.....ccoiiiiiiiiiiieie e 306
8.7.12 Analysis of Experimental Samples......ccccooevieiiiiiiic i 311
8.7.13 Template Preparation for Flow Cytometric Analyses........cccccvvvviviiiennnn, 312
8.8 STUAY VaAlIAITY .ooiiiieciic ittt naennes 314
8.9 Interpretation of Results and Statistical AnalysiS......ccocviiiiiiniiiiinicieee, 315
8.9.1  MIE VaalUBS e 315
8.9.2  Proportion of Immature ErythroCytes......ccccoveiiiiiiiieiiesiesiese e 316
8.10 Nongenotoxic Mechanisms of Induction of Micronucleated Erythrocytes.... 317
BL10.1 G AUSES et iitietie ettt ettt ekttt etttk h e b n b e anr e nnr e e nrr e nnne e 317

8.10.2 Avoiding and Recognizing IrrelevantPoSitiVesS........cccccevvevieeveeiiesinene, 317



Contents xiii

8.11 Limitations of the Rodent Erythrocyte Micronucleus TesSt.......cccccevvevvernnenne. 318
=Y LT =Y o] =TSSR 319
Chapter 9: The Rodent Bone MarrowChromosomal Aberration Test.......cccccceeviennnnn, 323
Ray Proudlock
T A 1 01 4 o o LU Tox 1 o RSP PSR 324
T o 1] o 1 Y P TRR 324
0.3 Related MethOds. ..o 325
9.4 Study Design andPerformanCe.. ... e 326
9.4.1 Vehicle/Negative Controland Formulation..........ccccccevveviniienninnnnien e 326
9.4.2  PoSItIVE CONIOI GrOUP .eoiviiiiiiieiiie ettt 327
0.4.3  SeX aNU GIOUP SHZE...iioiiiiiiiieiieiie et 327
0.4.4  NUMDEI OF GrOUPS...ciiiiiiiiiiiiicie st 327
9.4.5 Evidence of Target OrganEXPOSUIE.......cocveeieeiieeeiieeiie e stee e s 328
0.4.6  DO0SE SEIBCTION.....ciiiiiiici e 328
9.4.7  D0Se AdMINISTIATION....ccviiieiieiie sttt 328
9.4.8  Treatment SChedUle........ccvoii e 329
9.4.9  ANIMal ODBSEIrVAtIONS.....cooiiiie e 329
9.4.10 Animal Euthanasia.........cccoccvvveiiiiirinieeieese e 329
0.5 Terminal PrOCRUUIES. ..ottt st raeenae e ans 330
0.5.1  EQUIPMENT .ottt e st e et e e e e e e neereenne s 330
0.5.2  CONSUMADIES...c.eiiiieie s 331
9.5.3  AdVANCE Preparation.........cccooiiiiiiiiiiesiesee st 331
9.5.4 Bone Marrow ColECTiON ..o 332
0.5.5  Slide Preparation......cccciecieiiiiicsie e 333
9.5.6  Slide STAINING ..ot 333
9.5.7  Slide EXAMINATION.....coiiiiiiieieiieiisee e nre s 334
9.5.8 Calculations and Reporting of ReSUltS..........cccceeviiiiiieiiie e 334
9.5.9 Acceptability of the StUAY .....ccccooee i 335
9.5.10 Evaluation and Interpretation of ReSUItS.........cccooviiiiiiiiiiic i 335
0.5.11 T ST REP O eiiiiiiiie ittt naee e 337
9.5.12 Integration int0 Other STUAIES.......cccecieiieii e 339
0.5.13  CYONUCIBUS T ST it 339
N 0] 1=T 4o 1 TSP PRSP PR OPTPTPRRPRPROR 340
2N =T =T Lo 341
Chapter 10: The In Vivo Comet ASSAY TSt .o 345

Marie Z. Vasquez and Roland Frdtschl
10,1 INTFOAUCTION ettt ettt st e e nbe s 346



xiv  Contents

10.2 The In Vivo Comet Assay in Regulatory Safety Testing........... 343
10.2.1 Follow-Up of Positive In Vitro Standard Battery Tests.. 350

10.2.2 Follow-Up of Negative In Vitro Standard Battery Tests 331

10.3  FundamentalS.......cccoiiiiii 351
10.4 Equipment and Nondisposable SUPPIIES......vevrereiirrerreenens 352
10.5  ConSUMADIES ..o 354
10.6  Reagents and SOIULIONS........ccceevieiieiiccc e 354
10.6.1  REAGENTS...ciiii e 354

10.6.2  SOIULIONS....coiiiiiiiii e 355

10.7  TeSt SYSIEBM i 356
10.8  Study Design ConSiAerationS.........oooeeveeveeeerieeseeesseessseesseesseens 357
10.8.1  TeSt ArtiCle ..o 357

10.8.2  Vehicle SeleCtion.......ccccveiiiiiiiieiiccie e 357

10.8.3  Positive CONrol.....cccoceeiiiiiieciceee e 359

10.8.4  Number of ANIMalS.....ccocoiiiiiniiiii e 359

10.8.5 Route Of EXPOSUIe.....cooiiiiiiiiiiee e, 359

10.8.6  Treatment Schedule/Sample Time.......cccceevvevieiinnnnne, 360

10.8.7 Dose Selection and CytotoXiCity.........ccoovvvririiriennnn 361

10.8.8  TiSSUE SelECLION.....ccceiiiiiiiiieeeee e 361

10.9  Standard Test ProCedUIeS....ccocviiiiiiiie e - 362
10.9.1  Preliminary ProCeaduresS.......cccoviiiienieiiesiene e 362

10.9.2  Sample Collection.......c.ccccevveiieiie i 363

10.9.3 Comet Slide Preparation.........ccccccevvevieiieseeciesie s 364

10.9.4  Alkaline EIlectrophoresis......cccccceeveeiiie e e, 365

10.9.5  SHAE STAINING.....ooveereeeeeeereeeeeeeeeesseeeeeeseeeeereeeseseeeseeee 367

10.9.6  Image AnalysiS SCOINQG....cccccviieiieiieiie e 367

10.10 Data and RePOItiNG...ccceiieiieiieiie e sn e 369
10.10.1 Statistical ANalySiS.......ccooviiiieiiiie e, 369
10.10.2 Validity 0f @ TeSt...cccceiieiieiie e 372

10.10.3 Positive Response Criteria.......cccocveviveveeveeieeseesinennn, 372
10.10.4  CYIOtOXICItY...ooiiieiiicieeie e 373
10.10.5 Reporting resultS......cccccoevveiieiieeveccie e 376

10.11 Evaluating Unclear ResUltS.......cccceviiiiiiiiiiiiie e 378
10.11.1 Equivocal ReSUltS......cccoiieiiiieiie e 379
10.11.2  POSItiVE RESUIS..........eeisesseseeseeeesseseeeeeeseeesee e 379
10.11.3  Negative ReSUltS......ccccceiiiiiiiieceeeeee e 380
ACKNOWIEAGMENTS ..ot 381

References 381



Contents XV

Chapter 11: The Pig-a Endogenous Gene Mutation ASSaY.....cccccvvvverienennineeiieniennns 383
Jeffrey C. Bemis, Svetlana L. Avlasevich and Stephen D. Dertinger

S R 1 4 o To K0 Yo3 1 [0 o (PSPPSR 384

i o I 1] (o ) PSSR 384

11.3  FUNAAMENTALIS ..o et 385

114 STUAY D BSTON ettt bbbttt sttt b e e sne e 389

11.4.1  Animal Species/Strain/SEeX/AQE. ... 389

11.4.2  Number of Animals Per Experimental Group.......ccccceevvevieiiieiiennnnnn, 390

11.4.3  Group Selection/Identification...........cccoveiiiiiiininee e, 390

11.4.4  Negative and Positive CONtrols........ccooeiiiiiiiiiiee 390

11.45  Acute or Integrated Repeat-Dose Studies........cccccvevveevieecieeiiieesnnnn, 390

I R T o U 1o 1= o SRS 392

11,6 CONSUMADIES....iiiiieeee e nee s 393

11.7  Reagents and RECIPES ..ot iiieie ettt ettt e e e s e eanneanee s 393

11.7.1 Solution and Materials Preparation..........cccceceeeveeiiieeciieesie e, 393

11.8  MEthOU OVEIVIBW . .ooiiiie ettt e e nae e e e 395

11.9  Bl00d COIECIION it 396

11.10 Leukodepletion and Platelet Removal........ccccooiiiiie e, 397

1111 Sample Labeling. ..o 397

11.12 Column Separation and Sample Staining......ccccooviiiiniiiiie s 400

11.13 Flow Cytometric Analysis: 96-Well Plate-Based Protocol.........ccccccoeeenneen. 403

11.14 Tabulating and Summarizing ReSUItS.......ccoiiiiiiiiiicee e 409

11.15 Evaluation and Interpretation of ReSultS.......cccooveviiiiiiieiic e 410

11151 SHALISTICS . ieiiiieeie ittt sttt sttt saeene s 410

11.15.2  Criteria for @ Valid ASSAY .....ccccoiiieiiiiiiiiiee e s 411

11.15.3 Comparison to Historical Controls.........ccccovvvveiiiiiiencienc e, 411

11.15.4 Biological REIeVANCE.......ccceeieeieececcece e 411

11.16 Flow Cytometric Template Preparation........ccccccceviieeiiieeiiesiie e esee e 412

1117 EXQMPIE PlOTS. ..ttt 414

11.18 Storage and Shipment of Blood Samples.......ccoeieiiiiiiiciic e 414

11.19 Aspiration of Postcolumn SamplesS......ccooiiiieiii e 416

L EE =T €T 0o PP 416

Index 419



