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'Result, Effect: Tail length (upper: Stomach, lower: Liver) \
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Note: Dunnett’s one side test result

Comparison
L=y Hi=V

Estimate Parameter | Region | Lab. | Lower | Diff. | Sig. | Lower | Diff. | Sig. |
Mean(Obs) % tail DNA Liver 1 105| 184|Sig 225| 303|Sig |

2 8.1] 149|Sig 321] 388|Sig

3 175] 223|Sig 435) 483|Sig
4 386 455|Sig 45.1 52|Sig |
5 3715 45|Sig. 546| 621|Sig |
Stomach | 1 8.1] 16.6|Sig 13] 215|Sig |

2 32| 106|Sig 134] 208|Sig
3 278| 30.9|Sig 422] 453|Sig |

“ 327| 39.7|Sig 424] 494|Sig
5 456 553|Sig 524 62|Sig |

“L-V" means "the difference between low dose and vehicle control”, and “H-V" means “the difference
between high dose and vehicle control”, i.e. these means “Effect”. “Lower” means a value of the
lower limit for the confidence interval obtained from Dunnett’s one side test, and the value is
considered significant when it is zero or more. “Diff.” means a value of “Effect”, and comparison of
these values would be a preferable yardstick (criterion) to understand the variation of parameters
among testing facilities. “Sig.” means the statistical significance between the vehicle control group
and the treatment group.

Summary of the 15t Phase Validation Study
on in vivo Comet Assay

€ Well validated data were obtained.

4 Standard protocol is optimized overall,
however further optimization seems necessary
v Add or not EDTA into low-melting agarose gel
v" Electrophoresis solution temp.: below 10°C vs. room temp. 20 °C
v %DNA in tail in negative control: lesser is better vs. 1-15%
v Effect of cytotoxicity: histopathology vs. neutral diffusion assay
v’ Statistical analysis: acceptable criteria of variation etc.
v" Further reduction of animal use




Please access Comet Assay Interest Group homepage
http://cometassay.com/
If you are interested in this validation effort.

Thank you very much for your attention!!
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In Vivo Alkaline Comet Assay:
Room Temperature Compared to 4° C Unwinding and
Electrophoresis;
2 mM EDTA Compared to 10 mM EDTA in Gel

(2,6-Diaminotoluene, Acrylamide, 2,4-Diaminotoluene)

Andy Kraynak

Merck Research Labs, Merck & Co., Inc., West Point, Pa USA
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Procedure

JaCVAM Protocol Version 12
5 male Sprague-Dawley rats/group, 6 - 8 weeks of age.
Treated 2X (24 hours and 3 hours before tissue harvest).

«Gamma-irradiated positive control: Sample of cell suspension from two vehicle
control rats - irradiated just prior to making slides.

-2 slides/rat/tissue for each unwinding and electrophoresis condition:
*Room temperature (20-23° C) and refrigerated (4° C).
«Constant 0.7 volts/cm, ~300 mA, 20 minutes

Perceptive Comet Assay |V image analysis.

50 comets scored/slide, hedgehogs counted.

T A6



Notes for Data Tables

Comet data for treatment group: Values are a mean =+ standard deviation of
animal means in each treatment group.

Statistical significance: Indicated by *, p<0.03, analysis of non-transformed
data at animal level, ANOVA with multiplicity adjustment.

“"Hedgehogs”: Number of hedgehogs observed (but not scored) in the process
of scoring 50 comets/slide. Expressed as a percent of total cells observed for
each dose group.

2,6-Diaminotoluene




Compound #1 (2,6-Diaminotoluene)

Liver
Compound #1 Comet, Liver: Room Temp vs 4C
ROO0
7000 B
(O ARalne Comer.+S D
1ul'nm:|.4¢egwe~ (
LI T
= S000
£
§
& 4000
&
b 1000 %
\
|
‘ 2000
000 Fﬁ

Salme. 0 JaCVAM= L JaCVAM=L JaCVAM=L EMS 200 Gamma -3GOy
mlky D3mg kg 2s0myg kg SO0 my kg mg kg

* p<0.03, analysis of non-transformed data at animal level, ANOVA with
multiplicity adjustment.
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Compound #1 (2,6-Diaminotoluene) — Liver

Group Mean % Tail Intensity’ % Hedgehogs
Treatment Room Temp s Room Temp ®c
Vehicle Control
Com oil 10 mL/kg 48+ 1.7 45+16 4 5
Posinve Control:
Gamma Radiation 3Gy 324 L 87* 88+24 3 4
EMS 200 mg/Kg 426t 8.1° 91+21* 5 4
2.6-DAT
125 mg/Kg 944145 352 4 3
250 mg/Kg 80+ 16 6.112 6 4
500 mg/Kg 116 + 1.2* 551 6 5

1 Mean % tail intensity calculated from average %6 tail intensity value for each of 5 rats (2 mais for gamma-

imadiated control cells)




Compound #1 (2,6-Diaminotoluene)
Stomach

Compound #1 Comet, Gastric Mucosa: Room Temp vs 4C

LURET

70.00 4
DComet Room Temp |
|BComet ddegrees C |
60.00 —
‘{
S0 00
g
@
| & *
| E 1000 {
k]
-
| = 3000 4
20 .00 .
b
(L]
0 00 i E ¥
¢
000 E 4 :
Sabne. B JaCVAMP L JaCVAM=L  JaCVAM=L EMS 200 Gamma -3 Gy
mL kg RSmy ky 250 mg kg S00myg ky my kg

* p<0.03, analysis of non-transformed data at animal level, ANOVA with
multiplicity adjustment.

Compound #1 (2,6-Diaminotoluene) - Stomach

Group Mcan % Tail Intensity

Group Mcan % Hedgchogs

Ireatment B Room Temp 4°C  RoomTemp 4¢C
Vehicle Control

Com o1l 10 ml./kg 21.1 x6.1 138+£47 26 19

Positive Control.

Gamma Radiation 3 Gy 442+ 7.8 226 1.0 23 20

EMS 200 mg/Kg 54.5x39* 322+6.8* 23 18

26-DAT

125 mg/Kg 233438 189+59 2 22

250 mg'Kg 21177 150+ 22 25 22

500 mg/Kg 257+63 159+34 27 18




Compound #2
(Acrylamide)

Compound #2 (Acrylamide), Liver

80 00

To00

0 00

S0 00

4000

% Tail Intensity

3000

200
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0un

Compound #2 Comet, Liver: Room Temp vs 4C

[@ Akakne Comer. 25 D
B Comer 4 degrees €
| S it it A

Salme. D JaCUVAMa2
ml kg R Smg kg

*
*
" *
o *
JaCVAM#2, JaCVAMa2  EMS 200 Gamma.d Gy
28 my kg S0 myg kg my kg

* p<0.03, analysis of non-transformed data at animal level, ANOVA
with multiplicity adjustment.




Compound #2 (Acrylamide) - Liver

Group Mean % Tail Intensity % Hedgehogs
T t Room Temp 4C Room Temp 4°C
Vehicle Control
0.9% Saline 10 mL/kg 45208 27406 33 1
Posinv n
Gamma Radiation 3 Gy 26.7+2.8* 6.3+0.1* 1.3 0.5
EMS 200 mg/Kg 452+ 49* 150+ 6.2* 16 23
Acrylamide
12.5 me/Kg 76+ 1.1 31415 23 1.1
25 mg/Kg 126+ 4.2% 51429 44 4
50 mg/Kg 19.9 + 48* 6.5+ 14 3l 35
Compound #2 (Acrylamide), Stomach
80.00
70.00 { O Akaine Comet, £ S.D.
@ Comet @ 4 degrees C
)
*
£ o |
£ 4000
K * x ;
s
* w0 * o
20.00
oo FE
0.00
Saine, 10 JaCVAM#2, JaCVAME2, JaCVAM#2, BMS 200 Gamma-3
mAg  125mghg 25 mghg  50mg/kg mohg Gy

* p<0.03, analysis of non-transformed data at animal level, ANOVA with

multiplicity adjustment.
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Compound #2 (Acrylamide) - Stomach

Treatment Group Mean % Tal Intensity % Hedgehogs

Room Temp 4+ C Room Temp 4 C

Vehicle Control

0.9% Saline 10 mLkg 152432 12614 10.4 Ll

Positive Control:

Gamma Radiation 3 Gy 32+14* 19478 194 8

EMS 200 mg/Kg 548 + 11.6° 32887 20.2 116

Acrvlamide

12,5 mg/Kg 258+ 2.4* 16353 14 98

25 mg/Kg 209+4 142447 11 10.5

50 mg/Kg 289+ 5* 177+ 7.6 16.4 n

1. Many of these cells were atypical: branched streams or strands of DNA emanating from nucleus rather

than even diffusion
2. N.D. = Not Done.

Seckall

Compound #3
(2,4-Diaminotoluene)




Compound #3 (2,4-Diaminotoluene), Liver

Compound #3 Comet, Liver: Room Temp vs 4C

B 00

70.00
DARakne Co
BComet, ddegress ¢
000
S0.00
| g Soo
| &
| &
Z a0
e
e *
x o
-
2000 e
*
W00 e
e [ »
ooy L]
Salme, 0 JaCVAMEDY,  JaCVAMSE3, JaCUVAMS) EMS 20 Gamma - § Gy
mlhg 28 mg kg Momg kg f00 my kg mg kg

* p<0.03, analysis of non-transformed data at animal level, ANOVA with
multiplicity adjustment.

Compound #3 (2,4-Diaminotoluene) - Liver

Group Mcan % Tail Intensity s Hedgehogs
Treatment Room Temp 4°C Room Temp 4 (
Vehicle Control
2% Tween 80 10
ml kg 44t10! 33+08 4 4
Posinve Control:
Gamma Radiation 3
Gy 288 + R.8* 209+ 132* 2 T
EMS 200 mg’Kg 348 +7.5° 83t30°° 2 5
2.4-DAT
125 mg'Kg 72414 41419 2 4
250 mg'Kg 129 + 512 55122 3 3
500 mg'Kg 80 +22 43+20 5 2

1. Only 450 comets scored duc to technical problem

2 Only 350 comets scored (from § rats) due to technical problem.




Compound #3 (2,4-Diaminotoluene), Stomach

Compound #3 Comet, Gastric: Room Temp vs 4C

10
2000
O Aksbne Comer, 45 D

| |@Comer. 4 degrees €
| 60 00
|
‘ 0 00

i *
|

£ o000
. A *
‘ [
| B 000
i 20 00
|
|
| 000 4
} 000

Saloe M JaUVAMEE,  JaCVAMSS  JaC VAM=? IMS 200 Gammas-1Gy

ml. kg ESmg kg 20 mg kg S00mg kg mg kg

* p<0.03, analysis of non-transformed data at animal level, ANOVA with
multiplicity adjustment.

Compound #3 (2,4-Diaminotoluene) - Stomach, Rm Temp

Group Mean *« Tail Intensity "+ Halgehogs
Treanment Room lemp #C Room lemp 0
Vehicle Comrol

2% Tween 80 10 mL kg 154419 161 £ 29 n 4
Pusinyve Control,

Gamma Radhation ¥ Gy 354 + 30 1481 11 }]
EMS 200 mg Kg 448 £ 20.0%3 217 L 022 2 2
LA:DAL

125 mg Kp 158t 16 138+ 39 17 17
250 mgKg 1534 16 6+ 40 17 15
SO0 my Ky 1971 56 139+ 21 24 9

1. Data trom only one rat duc o technical error
2 Data from four mts due 1o techmeal error




Summary of Room Temp vs Refrigerated Lysis/Electrophoresis

Fold Increase Fold Increase
“s DNA In Tail - 20.23” "« DNA m Tal - 4° Over Control Onher Control
_ Tssue Treatment C C 20-23°( C
Liver Vehicle 48217 45216 - -
26-DAT Gamma-lmadated 324+ K7, p-.010 8.8= 2.4 (p-03K8) 6.8 2.0
EMS 426 =81% p< 00l 91 =21%p=005 K9 20
Low 9424 5(p=074) 18220 20 i0.8)
Mad Bo=216 61220 [ B 14
high 116+ 1.7% p-.009 55+ 18 2.4 1.2
Stomach Vehicle FINEY ] 13547 - -
26-DAT Gamma- Imadsated 4421 7.8°, p=.008 126 = L0 (p-.056) 21 1.6
EMS 545 +39% p<.00l 22+68" 26 23
Low B1+18 180459 [N 14
Mud {185 % | 150422 1o Ll
Ihgh 25.7+63 159434 1.2 1.2
Liver Vehicle 452:08 27206 =
(Acrylamade) Gamma-lmdiated 267 2 28% p< (01 6.3 x0.1% p=001 54 23
EMS 45.2 £ 49% p=.001 15.04 6.2, p=002 o 56
Low Tzl 3=1s { B Il
Mid 12,6 + 4.2% p=.003 £1:29 28 19
Iligh 19.92 4.8* . p< 001 654z 14% p=011 44 24
Stomach Vehicle 15212 126+40 - -
(Acndamide) Gamma-Imadaed 31.2 & 14", pmo00) 19.4 : 7K (p=.169) 21 15
EMS 548+ 116 p<.001 2.8+ 87% p=002 36 2.6
Low 258 & 24%, p=.003 la.d: 853 7 1.3
Mud 209 4.0, (p= 085) 142447 14 [N}
. CMgh  mesSenp<ewl  197:74 19 14
Liver Vehicle 44410 33208 -
24-DAT CGramma-bradiied 288 = R.8% p=.001 209 + 13.2%, p=.017 6.5 63
EMS ME225% pnl B3 £3.0% p=007 79 15
Low 7214 41=19 Lo 12
Mud 12.9 £ 5.1%, p=.001 55:22 29 L7
_High B0+22 43+20 K3 1.3
Swomach Vehicle 154439 16,14 29 -
24DAT Gamma-lmadiated 354 = 3.0%, p=.001 148 1.3 10.9)
EMS 44.8 = 200%. p-.014 .72 62 29 134
Low 15816 13819 1o 0.9
Mud 153216 162430 10 07
Ihigh 9756 139221 13 - e

Additional Experiments: Temperature Effects and
Increasing EDTA in Gel

Treated one rat with saline, one rat with EMS (50 mg/kg).
Liver and stomach harvested 3 hours after treatment.
Portion of saline control cell sample irradiated 3 Gy gamma radiation.
Cell suspensions embedded in standard low-melt agarose (2 mM
EDTA) or low-melt agarose containing 10 mM EDTA.
— 3 slides from each treatment and each EDTA level; unwinding
gr)\d electrophoresis either at 4° C or ambient (approximately 23°
— Slides blinded for reading, all slides read by two biologists at
different times.
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Effects of 10 mM EDTA in Gel

4 C Lysis Flecirophoresis

Rat Stomach (Glandular) Rat Liver
% Tail Inlens Average % Tail Intens Average

Treatment-Gel-Electrophoresis Read 1 Read 2 | Average | Fold-Increase | Read 1 Read2 | Average | Fold-increase |
Saline 1276 941 11.09 413 1.53 283
Saline, 10 mM EDTA 1120 9.73 1047 223 251 2.37
EMS, 50 mg/kg 1742 1388 1565 142 280 264 2.72 1.20
EMS, 50 mg/kg. 10 mM EDTA 1830 1609 17.20 1.64 1.33 21 1.72 072
Gamma, 3 Gy 2559 2079 2319 21 11.37 417 .77 2.74
Gamma. 3 Gy, 10 mM EDTA 2034 17.05 18.70 1.78 5.80 5.04 542 2.30
23 C LysisElectrophoresis

Rat Stomach (Glandular) Rat Liver

% Tail Intens Average % Tail Intens Average
Treatment-Gel-Electrophoresis Read 1 Read 2 | Average | Fold-Increase | Read 1 Read 2 | Average | Fold-Increase
Saline 18.08 10.31 14.20 349 3.35 342
Saline, 10 mM EDTA 1751 1317 1534 4.78 278 3.78
EMS, 50 mg/kg 29.70 306 3015 2N 9.30 6.72 8.01 234
EMS, 50 mg/kg, 10 mM EDTA 3832 2921 33.77 220 7.25 484 604 163
Gamma, 3 Gy 30.77 27 28.89 216 2394 9.31 16.62 4.82
Gamma, 3 Gy, 10 mM EDTA 2584 2183 | 2383 1.57 29.46  19.32 24.39 6.55
Conclusions

«Comet assay conducted at room temperature correctly predicted genotoxicity
of 2,4-DAT, 2,6-DAT and Acrylamide in liver and for acrylamide in stomach.

«Ambient temperatures (20-23° C) for lysing and electrophoresis result in a
more sensitive assay compared to 4 © C.

«If refrigeration is necessary, the minimum temperature should be closer

to10° C.

«Studies should include a weaker positive control to confirm sensitivity

»This control could be from frozen stocks of cells from one animal to
reduce animal use.

«Additional EDTA in low-melt gel did not have a significant effect on
background for stomach or liver tissue.

»Overall, our data highlights the need for very consistent and careful control

of all conditions.




(Additional Slides)

Effects of Lysing/Electrophoresis Temperature

Rat Stomach (Glandular) Rat Liver
% Tail Intens Awrage % Tail Intens Awerage

Treatment - Electrophoresis Read 1 Read 2 | Awrage | Fold-increase| Read 1 Read 2 | Awrage | Fold-Increase
Saline - 4C 1276 941 | 11.09 413 1.53 2.83
Saline - ambient 18.08 10.31| 14.20 349 335 | 342
EMS, 50 mg/kg - 4C 1742 13.88 | 15.65 142 2.80 264 2.712 1.20
EMS, 50 mg/kg - ambient 29.70 306 | 30.15 231 9.30 6.72 8.01 234
Gamma, 3 Gy - 4C 2559 20.79| 23.19 211 11.37 417 1.m 274
Gamma, 3 Gy - ambient 3077 27 28.89 2.16 23.94 931 | 16.62 4.82




Effect of 10 mM EDTA in Gel and
Comparison of Lysis/Electrophoresis Temperature

Rat Swomach (Glandular) Rat Liver
Mean % Tail Intens. Fold-Increase Mean % Tail Intens. Fold-Increase

Treatment-Gel-Electrophoresis Read 1 Read 2 Average Read 1 Read 2 Average
Saline-No EDTA-4C 12.76 9.41 413 153

Saline-No EDTA-ambient 18.08 10.31 349 335

Saline-EDTA-4C 11.20 9.73 223 251
Saline-EDTA-ambient 17.81 13.17 478 278

EMS-No EDTA-4C 17.42 13.88 1.42 280 264 120
EMS-No EDTA-ambient 29.70 306 2.31 9.30 672 234
EMS-EDTA4C 18.20 16.09 164 1.33 21 0.72
EMS-EDTA-ambient 3832 2.1 2.20 7.25 484 163
Gamma-No EDTA-4C 2559 20.79 21 11.37 417 274
‘Gamma-No EDTA-ambient 30.77 27 2.16 23.94 9.31 4.82
Gamma-EDTA-4C 2034 17.05 1.78 5.80 5.04 230
Gamma-EDTA-ambient 2584 21.83 1.57 29.46 19.32 6.55

Merck expenment AEO7-001. One rat treated with single oral dose of saline. one with 50 mg kg ethylmethane sulforate. Portion of
saline control cell samples irradiated with 3 Gy gamma radianon for the gamma positive control.  Cell suspensions embedded in

standard low-melt agarose, of low-melt agarose comasmng 10 mM EDTA. Sets of 3 slides from each cond

subjected 10 J

e

and electtophoresis either at 4 degrees C orat ambient (approximately 23 degrees C). Slides blinded for reading. all shides read by wo

iologists on separate occasions

Fewer Animals, but More Slides?
Room Tempemature Refrgerated Alkaling Elution
Side Shde AnmalMean+S5td  Gmup | Side Side AnmmalMean  Group Anmal Mean
Treatment | 1 2 Dev Maan 1 2 £ Std Dev Mean 451 Dev Group Mean
Vehcie 55 59 57403 44210 | 41 21 31214 33208 | 0031£.001 0314 002
g2 22 2243 ol gt 0030 £ .003
s 35 35400 21 3 26207 0034 £ 006
a1 x 41 23 44 34215 0030 ¢ 002
23 a7 35217 27 28 2701 00314 003
EMS 551 326 4394159 MB2?5 | B9 56 62200 83230 | 02242009 2114 D44
M7 462 404281 96 145 120235 0233 ¢ 008
27 2 349232 ! 193 w34 0246 ¢ 018
235 314 274258 93 982 92201 0219 013
285 263 274216 43 45 44202 0.1352 013
LowDose | 83 56 75226 72214 | 63 3ral9 41219 | 00382003 037002
] 10e CRF & 14 14 14200 0.038 £ 002
86 104 95£12 a I X
68 57 62407 BB 68 0.034 ¢ 002
71 82 87207 T 1 'S TR 00368 ¢ 001
MdDose | » 113 13 129251 | 55 33 44215 55+22 | 00394003 0392 005
53 116 SCedx B6 96 91207 0.037 + 002
82 108 01412 = L £0%.9 0.048 + 015
216 218 27 57  42:21 0038 & 006
£ 174 12846¢ ar  a 39402 0035 £ 001
HghDose | 65 121 80#21 | 27 25 26102 43222 | 00332002 0362002
83 69 a4 73 79208 0.038 £ 003
T8 2% 3 1 51441 0035 2 003
67 79 23 38 20209 0.037 £ 002
Bn 148 38 25 31409 0038 £ 002

Red font = >2-fold difference between duplicate slides.
Blue field = lowest animal mean for the group.
Yellow field = highest animal mean for the group.




Validation of in Vitro Comet Assay
-Pre-validation to make a robust protocol and
consensus for evaluation and interpretation-

Masamitsu Honma

Division of Genetics and Mutagenesis

National Institute of Health Sciences

Genotoxicity Tests
(Prediction of Carcinogenicity)

In vitro Tests

In vivo Tests

Rec Assay

Phage Induction Test

Umu Test

Bacterial Reverse Mutation Test
(Ames assay)

Bacterial Forward Mutation Test

, Mutation Assay Using S. Cerevisiae

Mammalian Gene Mutation Assay
UDS Test

SCE Test

Chromosome Aberration (CA) Test
Micronuclei (MN) Test

Comet Assay

, Cell Transformation Test

etc.
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Micronuclei Test

SCE Test

Chromosome aberration Test

UDS Test

Endogenous Gene Mutation Assay
(Hprt, GPA, HLA, etc.)

Transgenic Gene Mutation Assay
(MutaMouse, BigBlue, etc.)

Spot Test

, Comet Assay

etc.
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