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Abstract

Genotoxicity assessment is a critical component in the development and evaluation of chemicals. Traditional genotoxicity assays
(i.e., mutagenicity, clastogenicity, aneugenicity) have been limited to dichotomous hazard classification, while other toxicity
endpoints are assessed through quantitative determination of points-of-departure (PODs) for setting exposure limits. The more
recent higher-throughput in vitro genotoxicity assays, many of which also provide mechanistic information, offer a powerful
approach for determining high-precision PODs for potency ranking and risk assessment. In order to obtain relevant human
dose context from the in vitro assays, in vitro to in vivo extrapolation (IVIVE) models are required to determine what dose
would elicit a concentration in the body demonstrated to be genotoxic using in vitro assays. Previous work has demonstrated
that application of IVIVE models to in vitro bioactivity data can provide PODs that are protective of human health, but there
has been no evaluation of how these models perform with in vitro genotoxicity data. Thus, the Genetic Toxicology Technical
Committee, under the Health and Environmental Sciences Institute, conducted a case study on 31 reference chemicals to
evaluate the performance of IVIVE application to genotoxicity data. The results demonstrate that for most chemicals (20/31),
the PODs derived from in vitro data and IVIVE are highly health protective relative to in vivo PODs from animal studies.
PODs were also protective by individual assay type: mutations (8/13 chemicals), micronuclei (9/12) and aneugenicity markers
(4/4). It is envisioned that this novel testing strategy could enhance prioritization, rapid screening, and risk assessment of

genotoxic chemicals.



Hosted file

2022-09-29-GTTC_IVIVE Manuscript_Beal.docx available at https://authorea.com/users/527120/
articles/596559-quantitative-in-vitro-to-in-vivo-extrapolation-ivive-of-genotoxicity-
data-provides-protective-estimates-of-in-vivo-dose

Chlorambucil 0% o .. L °®
N-Hydroxy-4-acetylaminobiphenyl . .
PhIP.HCI o o 88 * .
Camptothecin L4 . L) - . ° o o
Paclitaxel e8® 8 L, L1 e e ©° o
Colchicine ° o, ® % $%ele o °°
Emodin . -® .

3-Nitrobenzanthrone . - o ]

Etoposide °0 0 g0 0 o Seo o %,
2-Acetylaminofiuorene . . » oo o
3-Aminobenzanthrone == ..

Griseofulvin % LR XY . .
4-Nitroquinoline 1-oxide e®eee®e o gawgcbe, o
T 7,12-Dimethylbenz[ajanthracene . . $° o0 o ® Rw® 00 ?
5 5-Fluorouracil ® o oo Lo o
g. Mitomycin C o 009 o o° ¢ Jooy
g 1,8-Dinitropyrene . .
o Hydroquinone - X ol 1Y
Benzo[a]pyrene ° o ® 2 %™ etWVr v & o0 o
Aflatoxin B1 e . “ % . ° .
Methyl methanesulfonate * %o 030 P *
Resorcinol % o *
Ethyl methanesulfonate . el W3 48
Eugenol 8 L] .
Dimethylnitrosamine . .
Cyclophosphamide . Q& ° o Ofecp % ° »
Glycidamide e %e °q eo %
Acrylamide o P WY N Sefe, o
Vinblastine ® g ®° oo e
1,2-Dibromo-3-chloropropane = .
N-Ethyl-N-nitrosourea & —o® B3°° (P W 9% 0 02,0 AL, , .
6 5 4 3 2 -1 0 1 2 3 4
log1o mg/kg bw/day
® invitro ® invivo
3-Nitrobenzanthrone Chlorambucil 4-Nitroquinoline 1-oxide
—— — —!'_
=3 Al T
—— )l _‘1 .
" ®
>
[ \ =2
b A -
.
J —- <
v 3
Jeo
—e— Ao
—— e,
'S
J #0
4 3 21401 2 3 4 4 3 241401 2 3 4 4 3 2 40 1 2 3 4 Clss
logo mg/kg bw/day logio mg/kg bw/day logso mg/kg bw/day ® invito
Methyl methanesulfonate Vinblastine Glycidamide ® invivo
—h— [} e |
= —e}
ry | .
o i r
o .
- | o
— o e
- o
9 m
: m .
s . 7
E Y
" | | |
b " 4
=7 -
° b .
4 3 2 40 1 2 3 4 4 3 240 1 2 3 4 4 3 2401 2 3 4
log1o mg/kg bw/day log1o mg/kg bw/day log1o mg/kg bw/day


https://authorea.com/users/527120/articles/596559-quantitative-in-vitro-to-in-vivo-extrapolation-ivive-of-genotoxicity-data-provides-protective-estimates-of-in-vivo-dose
https://authorea.com/users/527120/articles/596559-quantitative-in-vitro-to-in-vivo-extrapolation-ivive-of-genotoxicity-data-provides-protective-estimates-of-in-vivo-dose
https://authorea.com/users/527120/articles/596559-quantitative-in-vitro-to-in-vivo-extrapolation-ivive-of-genotoxicity-data-provides-protective-estimates-of-in-vivo-dose

A Median PODs B

Chlorambucil o . Camptothecin |® °
N-Hydroxy-4-acetylaminobiphenyl . L] PhIP.HCI o .
PhIP.HCI . ° 3-Nitrobenzanthrone ° .
Camptothecin |® N-Hydroxy-4-acetylaminobiphenyl ° o
Paclitaxel . Emodin . .
Colchicine | ® Paclitaxel ° o
Emodin ° Chlorambucil ° °
3-Nitrobenzanthrone o ° 5-Fluorouracil ° °
Etoposide o 3-Aminobenzanthrone ° °
2-Acetylaminofluorene o Colchicine . o
3-Aminobenzanthrone o 2-Acetylaminofluorene o °
Griseofulvin o o Griseofulvin ° .
4-Nitroquinoline 1-oxide ° Mitomycin C ° .
g 7,12-Dimethylbenz[a]anthracene . g 4-Nitroquinoline 1-oxide o °
g 5-Fluorouracil o g Hydroquinone °
o Mitomycin C ° o Etoposide e o
£ 1,8-Dinitropyrene £ 1,8-Dinitropyrene o o
8 Hydroquinone L) 8 Aflatoxin B1 e o
Benzo[a]pyrene ° Benzo[a]pyrene o o
Aflatoxin B1 Methyl methanesulfonate oo
Methyl methanesulfonate L Resorcinol L]
Resorcinol L Eugenol L4
Ethyl methanesulfonate oo Ethyl methanesulfonate o
Eugenol L Vinblastine o
Dimethylnitrosamine L] Dimethylnitrosamine (X ]
Cyclophosphamide o o Acrylamide oo
Glycidamide o o Glycidamide ° o
Acrylamide o o 7,12-Dimethylbenz[a]anthracene o o
Vinblastine Cyclophosphamide o o
1,2-Dibromo-3-chloropropane . o 1,2-Dibromo-3-chloropropane e o
N-Ethyl-N-nitrosourea o N-Ethyl-N-nitrosourea o o
3 -2 A1 1.2 3 543210123
log1o mg/kg bw/day log1o mg/kg bw/day
® invitro ® invivo ® invitro ® invivo
c Median Comparison D Fifth Percentile Comparison
6- 6-
4- 4-
€ €
> >
o o]
(& (&)
2- 2-
0- 0-
N I N R I I T N

Log1o PODjy vivo — L0g10 AED;s vitro

5th Percentile PODs

|-0910 PODin vivo — I-0910 AED/’n vitro



PhIP.HCI 4 o
. - L4 .
.
. . L AU TS
4-Nitroquinoline 1-oxide . . -‘g o
7,12-Dimethylbenz[a]anthracene ® < + 2 « NS ..o o°
3-Nitrobenzanthrone * . ° o ]
.
3-Aminobenzanthrone o °
- Aflatoxin B1 . °. .
= <
3
o o 1,8-Dinitropyrene L .
5 £
5 3
Benzo[a]pyrene . .« *
Etoposide o*
Cyclophosphamide . 2
= yclophosphami e .
= .
] Glycidamide id L ]
S Acrylamide o -
- o Yoo ° o
2
= . . @y 0 %0 ©
= N-Ethyl-N-nitrosourea S e goe® o%e, B4 K Ced e e * °
= 5 4 3 2 R 0 1 2
log1o mg/kg bw/day
® invitro * invivo
Z Camptothecin . . *
Etoposide . * ] ° . S
.
Colchicine . . . 2 L, .
2 Methyl methanesulfonate . e .
e o
B Vinblastine . . e %o
7z
g E . .
5 Hydroquinone oo
o
£
= . s -
& S Acrylamide e o o, V¢
Resorcinol e
Z. .
N-Ethyl-N-nitrosourea . *
Eugenol *
5-Fluorouracil LY
o . . o %0 o
3 Cyclophosphamide . ° . . o %, PYS
) -4 -3 -2 -1 0 1 2
z logso mg/kg bw/day

® invitro ® invivo




.
Paclitaxel - - °
s . . .
.
.
L o []
Colchicine . . . . « ° o
° .
° ! ° ¢
. <
2 3
o
2 o
g £
- o
° .
.
3 Griseofulvin .
®e
°
] .
.
Vinblastine .
. ° .
o o
> -3 -2 -1 0 1 2 3
log1o mg/kg bw/day
® invitro ® invivo
Z Chlorambucil
< Camptothecin | ® Camptothecin d
Emodin Chlorambucil .
4-Nitroquinoline 1-oxide Colchicine
Etoposide
S Mitomycin C Griseofulvin
= ° 5-Fluorouracil °
€ 7,12-Dimethylbenz{aJanthracene | c Etoposide °
g Hydroquinone g 4-Nitroquinoline 1-oxide
3 oSt - Paciitaxel o
g Methyl methanesulfonate g 5-Fluorouracil
)enzo[apyrene
& o i o Mitomycin C
= Ethyl methanesulfonate Ethyl methanesulfonate .
o ka"’,:m:gg Methyl methanesulfonate
Cyelonh h”QEF:f' . Glycidamide
: N :.’.if."{’. osphamide N-Ethyl-N-nitrosourea [ & a5 o89° U0 0= 00 By
2 —_——
Z 6 5 -4 -3 2 -1 0 1 2 3 4 3 2 A 0 1 2
log1o mg/kg bw/day og1o mg/kg bw/day
3 ® invitro ® invivo ® invitro ® invivo
bscl2
Chlorambucil . %% o Chlorambucil
Paclitaxel . o o oo Paclitaxel
Etoposide o ° & o8 Etoposide
2 PhIP_HCI . * o PhIP.HCI
Emodin [ . Emodin
S-Fluorouracil M 5-Fluorouracil
° 4-Nitroquinoline 1-oxide o o WR k-] 4-Nitroquinoline 1-oxide
c Griseofulvin o oo £ Mitomycin C
3 Mitomycin C DR L 3 Camptoth
Q Camptothecin o® o amptothecin
Q Hydroguinone on Qo Hydroquinone
13 Cyclopﬁosphamide *  otavy £ Cyclophosphamide
o in B1 @ o o o Aflatoxin B1
o Ethyl methanesulfonate . paS © Ethyl methanesulfonate
Eugenol ®e o Eugenol
< Methyl methanesulfonate o0 o Colchicine
N-Ethyl-N-nitrosourea 0 W VBIiW W 7,12-Dimethylbenz[ajanthracene | ® U
< 7,12-Dimethylbenz[alanthracene | ® * P o Qn o N-Ethyl-N-nitrosourea oo
] Benzo[alpyrene ® ¢ PmlBhlee o Benzo[a]pyrene
=] i sopn A Vinblastine
5 6 5 4 -3 2 -1 0 3 4 5 4 3 2 1 0 1 2 3

1 2
log1o mg/kg bw/day log1o mg/kg bw/day

e invitro

in vivo

e invito

in vivo




L may

Glycidamide

1.2-Dibromo-3-chloropropane 1

Dimethylnitrosamine {

Griseofulvin §

1.8-Dinitropyrene -

Resorcinol {

5-Fluorouracil {

Emodin

Eugenol

Ethyl methanesulfonate {

4-Nitroguinoline 1-oxide

Compound

N-Ethyl-N-nitrosourea |

Methyl methanesulfonate {

Acrylamide {

Hydroguinone {

7.12-DimethylbenzlaJanthracene {

Colchicine

Benzo[alpyrene |

Etoposide

AEDyi

-1 0 1
Log1o mg/kg bw/day

AEDyeq

AEDya

ExpoCastggy,




