Investigating limit dose and identifying genotoxic hazards of common
pharmaceutical solvents with ToxTracker 9

I'4 N
A MEDICINE COMPANY ] Noteboom!, |. Brandsma?, D.J. Roberts®, Y. Hussien? G. Hendriks??, R Jolly? tO Xys

ELi Lilly and Company, Indianapolis IN USA, “Toxys B.V., Oegstgeest, The Netherlands, *Toxys Inc., New York, NY, USA

Abstract Solvents Tested & Comparitor Data Using cytotoxicity to set solvent limits (% v/v
. . N . . Chemical N MW (a/mol Rodent Outcomes in vitro ToxtTracker
When testing substances in early phases of development, it is not always possible to avoid cmicat IName (g/mol) N Carci  Ames MN  Rtkn/Bscl2 AO >10 mM? bootstrap curves 20% cytotoxicity
residual solvent in APIl. To determine tolerability, we assessed 19 commonly used solvents in N.N-Dimethylamine 124-40-3 4508 . . Neg Eq Neg -  No based on model averaging
ToxTracker and then compared observations to published toxicological findings. ToxTracker is a Hebtane 142-82-5 11002 B — Neg? . - i N
new approach method that provides insight into MOA using GFP-gene expression and can b . _ ' Z y 94 s s < ettt 2,6-Di-tert-butyl-4-methylphenol (BHT) | -
discriminate direct-acting genotoxicants from indirect genotoxicants. The selected solvents were N,N-Dimethylformamide 68-12-2  73.09 Neg Pos Neg Pos Neg - Yes ' 8 T sopropytamine y
tested as high as possible (up to 5% v/v) using a 24h exposure in the absence or presence of S9. 2-Methyl tetrahydrofuran 96-47-9  86.13 Neg’ -- Neg®®  Pos Neg - Yes o1 B il
GFP reporter activation and cell survival were assessed using flow cytometry and ~half (10/19) of 2,6-Di-tert-butyl-4-methylphenol (BHT) 128-37-0  220.35 Neg’ Neg® Eq®™ Pos Neg -~ No B 1o 5% 1-butanol -
tge S?l\é?:rgs.ln?huceg genoto?lg geffects (Rtkn-GFP) with concomitant increases in oxidative stress Cyclopentyl methyl ether 5614-37-9 11419 Neg' -- Neg' Pos Neg -- Yes g A ;E_’:;ae?zdlr?;‘t‘r;ar:‘ Crofuran —
(Srxnl- ) In the absence of 59. Formic acid 64-18-6  46.03 -- Neg™ Neg'® Neg Eq (+S9) - Yes - o | % Amsoley ! -
Dimethyl sulfide (DMSO) 67-68-5 78.13 -- -- Neg™® Eq Eq (+S9) -- Yes fg < Dichloromethane
To investigate causality of oxidative stress, solvents were retested in the absence and presence Anisole 100-66-3 10814 . Neg”?  Neg® Neg Eq (+S9) — Yes < o ;r‘it:g:é'tzy"O“d'“One "
of ROS scavengers (NAC and GSH) and 4/10 were detoxified. For the remaining solvents, we back sobronvl amine 25.21-0 5911 . . Neg®?®  Ne Pos Nea No 25 z_p’r’opanol(isopmpanol) -
calculated molarity and evaluated dose-response using benchmark dose (BMD) analysis in SRRy : ” > 923_26 5 & a N,N-Dimethylformamide -
PROAST. A benchmark response (BMR) of 100 was used and BMD limits (95% Cl) showed that most Dichloromethane 75-09-2 18435 Eq Pos Pos Neg Pos Neg Yes Sgl| 20w Acetonitrile -
(9/10) of the solvents had been tested far above 10 mM, indicating they would be deemed negative 1-butanol 71-36-3 7412 Neg®”  -- Neg®**®  Pos Pos --- _ Yes 5 @ DMSO -
if applying this OECD recommended limit dose, and aligning with reported in vivo genotoxicity and Sodium hexafluorophosphate 21324-40-3 167.96 -- -- -- Neg Pos Neg Yes 2 Heptane —
carcinogenicity g?dlpgst. Flnfallyl, USI’PQ I?I_MRTS upkto -20%, cell count data were used to quantitively Acetonitrile 75_.05-8 4105 Pos®  Eq Neg® Neg Pos — |Yes % 84 g:;?uar:ohlexaﬂuomphosphate
ASSESS reasonable Umits or sotvent in 1oXIracker. Methanol 67-56-1 32.04 -- Neg* Neg™ Pos Pos Neg Yes S Cyclopentyl methyl ether
2-propanol (isopropanol) 67-63-0 60.1 Neg™ Neg™> Neg® Pos Pos ---  Yes _2'.5 _2'_0 _1'_5 0.1 10 1000
Ethyl acetate 141-78-6  88.11 Neg* Neg*’ Neg'® Pos Pos --- __ Yes log10-Concentration_mM g b BMD interval (mM)
1-Methyl-2-pyrrolidinone 872-50-4 9913 Neg®  Neg®  Neg*®** Pos Pos --- _ Yes o
Tetrahydrofuran 109-99-9 7211 Neg Pos™ Neg Pos Pos ---  Yes N
The ToxTracker® assay ©  Pos™ Neg®
MN = Micronucleus, Carci = Carcinogenicity, Pos = Positive result, Neg = Negative result, EqQ = Equivocal results @\Q‘\ 8 @
First a dose range finding was performed using a maximum target concentration of 5% v/v with 19 AO = Antioxidant, "--" = Not tested or published, "---" = Tested in AO but result unchanged g’@: & . @ &5\\&0 0@@®
lower concentrations prepared using consecutive 2-fold dilutions. Cytotoxicity was derived from cell {&,@‘ & Q,@"’ AN I @g\’b D & é@*‘ @ X
count data after 24 h. exposure using flow cytometry. Next, the six independent ToxTracker reporter Chemicals are sorted based on their result in ToxTracker from negative to positive. Generally, all solvents were not & & € & ,@&.%&e o PN IR S o & &
cell lines were seeded in 96-well cell culture plates. 24 h after seeding culture medium was genotoxic or carcinogenic in rodents. In vitro MN test results were also generated in TK6 cells in parraellel (not ¥ S F IS TE S
replaced with fresh medium containing diluted test substances. Metabolic activation was included discussed herein, but comparitively displayed). To further investigate the 10 positive ToxTracker results, ToxTracker AO 1000 I TN
by adding S9 liver extract from Phenobarbital/5,6-Benzoflavone-induced rats (Moltox) and required was conducted. Four (4) of them (isopropyl amine, dichloromethane, sodium hexafluorophosphate and methanol) were |I |I |II |II III III III II
co-factors (RegenSysA+B, Moltox). Five concentrations were tested +£S9 in 2-fold dilutions with the detoxified by at least 1 ROS scavenger suggesting these effects would not persist in vivo due to redox homeostasis. 100
highest concentration being selected from the dose range finding assay (limit dose, highest non- T4
cytotoxic dose [>25% relative survival], or the first concentration that had visible precipitation). . L . : . £
Cytotoxicity and relative GFP reporter induction were measured in intact cells via flow cytometry 24 A main objective of this study was to find tolerable levels of these solvents in the ToxTracker assay, for potential use 7
h after exposure initiation. All compounds were tested in at least three independent repeat as test article carriers or to knc(>)w when residual solvent in APl would be problematic. For this reason, all exposures >
experiments with appropriate positive controls; cisplatin (DNA damage), diethyl maleate (oxidative were initially conducted up to 5% v/v. Data from the positive ToxTracker results were converted to molarities, which 0.1
stress), tunicamycin (unfolded protein response) and cyclophosphamide (metabolism). showed that positive results occured predominantly (9/10) above 10 mM, which is the recommended limit dose for in
vitro mammalian cell genotoxoicty assays. Hence, these solvents would have been negative if evaluation was limited 0.01
to physiologically relevant exposures (i.e, < 10 mM). Also, using this limit dose restored the known accuracy of mBMDL 5% mBMDL10% mBMDL20%
= Ve ; 2
@ ToxTracker to detect in vivo genotoxicants. Compounds BMDL(mM) BMDU(MM) /100 mL(%vAv)
Bscl2-GFP 2,6-Di-tert-butyl-4-methylphenol (BHT) 0.156 0.166 0.003%
* DNA replication inhibition ° ° e ° |SOprOpy| amine 3.17 3.4 0.019%
e @ Quantlfylng points of departure (BMD Anal.\jSIS) N,N-Dimethylamine 4.33 38.1 0.020%
Riln-GFP Formic acid 13.6 14 0.063%
EF:uS&TE;e(ZE?d resie Rtkn BMD100 1-buntanol 21.3 28.7 0.158%
s e AnereEne " ] Tetrahydrofuran 24.4 37.6 0.176%
- | . 2-Methyl tetrahydrofuran 37.3 62.7 0.321%
ISOpropyl amine - E - Anisole 43.2 49.8 0.467%
n B T u I ©
Sodium hexafluorophosphate - E tFli,:j-_f]pr n.rp : : DIChloromethane. | 43.6 44 .6 0.370%
1-butanol - S ' . : 1-Methyl-2-pyrrolidinone 56.7 62.1 0.562:/0
1'Methyl'2'pyrr0l|d|n0ne : - Eﬁ | Ethyl acetat? 72 842 0.6340/0
Dichloromethane . - 2 - 2—prop§nol (|sopropar?ol) 114 130 0.6850/0
@ Tetrahydrofuran = . '|:|‘,N-D|r.ne.lthylformamlde 124 173 0.9060/0
Btg2-GFP Ethyl acetate - - 'j"’ Dl(\:ﬂestgnltn © ::g? 2(7)(7) ?Iigg;
* 53 tumor suppressor @ @ 2-propanol (isopropanol) - — 3 -m @ ™ S
. ?)Cl\lxaqfrgage, ogidative stress, Srxnl-GFP Blvrb-GFP Acetonitrile : - ' :u::= ::: :-1 l:: l:". Heptane 359 575 3590 /o
Qomone shodk Mbonucteotde . Oxidative stress Methanol : _ - Methanol 460 645 1.450%
L Incinect genctoicity (AO) - Sodiumhexafluorophosphate NoDR NoDR ND
01 10 1000 B | Cyclopentyl methyl ether NoDR NoDR ND
g BMD interval (mM) Lowest Effective Concentration (mM) in tests in vitro NoDR = No dose response, ND = Not determined.

To set tolerable solvent limits for the ToxTracker assay, cell survival data was modeled with

* Unfolded protein response

« ER stress PROAST, using BMR values of -5%, -10% or -20% to estimate at what concentration a 5, 10 or

20% reduction in survival was observed. BMD-L values for a 20% reduction in survival were

(Left) Solvents with positive ToxTracker data were submitted to BMD analysis in Proast using a benchmark response of | | converted to percentages to indicate tolerable solvent concentrations in ToxTracker.
100. Upper and lower bounds of 90% BMD confidence limits are plotted in molarity, to show that when positive, nearly

TOXTI‘ a Cker AO FO'.'.OW U all were above the recommended limit dose (10 mM) for mammalian cell genotoxicity assays. 10 mM is indicated by a
p dashed red line. C l .
Dichloromethane Dichloromethane+NAC . C . .. : : .
(Right) The initial work from the ICPEMC (International Commission for Protection Against Environmental Mutagens and
Carcinogens) showing the lowest positive concentration in vitro (x-axis) and whether chemicals were positive (gray bars) : 0
"""""""" Proeeedl or negative (solid bars) in vivo.”* 10 mM is indicated with a dashed red line. DMSO’ heptane and methanol can be used in T?XTraCker up to 1% viv as a
' | L 3 R o i vehicle with no adverse (<20% relative cytotoxicity) effects.
£ S % E:
3 g 2 = : .. :
: 2 E z . Isopropyl amine was the only positive solvent in ToxTracker below 10 mM,
- ° o : . + 4 © Dlscordant N |05tly above 10 N |M but has no in vivo genetox data to understand biological significance.
- = The recommended OECD Llimit dose of 10 mM was confirmed to reduce
Concentration (%) Concentration (%) . . oy . .
1000 misleading positive ToxTracker test results, when compared to in vivo data.
S
£ : . : :
Isopropyl Amine = 100 ToxTracker AO can be used to understand if oxidative stress is causing or
Isopropyl Amine+G3sH += . . . . .
_ 8 driving genotoxic effects (i.e., dichloromethane).
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