
Solvents Tested & Comparitor Data

The ToxTracker® assay

Compounds BMDL (mM) BMDU (mM) g/100 mL (%v/v)
2,6-Di-tert-butyl-4-methylphenol (BHT) 0.156 0.166 0.003%
Isopropyl amine 3.17 3.4 0.019%
N,N-Dimethylamine 4.33 38.1 0.020%
Formic acid 13.6 14 0.063%
1-buntanol 21.3 28.7 0.158%
Tetrahydrofuran 24.4 37.6 0.176%
2-Methyl tetrahydrofuran 37.3 62.7 0.321%
Anisole 43.2 49.8 0.467%
Dichloromethane 43.6 44.6 0.370%
1-Methyl-2-pyrrolidinone 56.7 62.1 0.562%
Ethyl acetate 72 84.2 0.634%
2-propanol (isopropanol) 114 130 0.685%
N,N-Dimethylformamide 124 173 0.906%
Acetonitrile 158 200 0.650%
DMSO 191 277 1.490%
Heptane 359 575 3.590%
Methanol 460 645 1.450%
Sodium hexafluorophosphate NoDR NoDR ND
Cyclopentyl methyl ether NoDR NoDR ND
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When testing substances in early phases of development, it is not always possible to avoid 
residual solvent in API. To determine tolerability, we assessed 19 commonly used solvents in 
ToxTracker and then compared observations to published toxicological findings. ToxTracker is a 
new approach method that provides insight into MOA using GFP-gene expression and can 
discriminate direct-acting genotoxicants from indirect genotoxicants. The selected solvents were 
tested as high as possible (up to 5% v/v) using a 24h exposure in the absence or presence of S9. 
GFP reporter activation and cell survival were assessed using flow cytometry and ~half (10/19) of 
the solvents induced genotoxic effects (Rtkn-GFP) with concomitant increases in oxidative stress 
(Srxn1-GFP) in the absence of S9. 

To investigate causality of oxidative stress, solvents were retested in the absence and presence 
of ROS scavengers (NAC and GSH) and 4/10 were detoxified. For the remaining solvents, we back 
calculated molarity and evaluated dose-response using benchmark dose (BMD) analysis in 
PROAST. A benchmark response (BMR) of 100 was used and BMD limits (95% CI) showed that most 
(9/10) of the solvents had been tested far above 10 mM, indicating they would be deemed negative 
if applying this OECD recommended limit dose, and aligning with reported in vivo genotoxicity and 
carcinogenicity findings. Finally, using BMRs up to -20%, cell count data were used to quantitively 
assess reasonable limits of solvent in ToxTracker.

First a dose range finding was performed using a maximum target concentration of 5% v/v with 19 
lower concentrations prepared using consecutive 2-fold dilutions. Cytotoxicity was derived from cell 
count data after 24 h. exposure using flow cytometry. Next, the six independent ToxTracker reporter 
cell lines were seeded in 96-well cell culture plates. 24 h after seeding culture medium was 
replaced with fresh medium containing diluted test substances. Metabolic activation was included 
by adding S9 liver extract from Phenobarbital/5,6-Benzoflavone-induced rats (Moltox) and required 
co-factors (RegenSysA+B, Moltox). Five concentrations were tested ±S9 in 2-fold dilutions with the 
highest concentration being selected from the dose range finding assay (limit dose, highest non-
cytotoxic dose [>25% relative survival], or the first concentration that had visible precipitation). 
Cytotoxicity and relative GFP reporter induction were measured in intact cells via flow cytometry 24 
h after exposure initiation. All compounds were tested in at least three independent repeat 
experiments with appropriate positive controls;  cisplatin (DNA damage), diethyl maleate (oxidative 
stress), tunicamycin (unfolded protein response) and cyclophosphamide (metabolism). 

Chemicals are sorted based on their result in ToxTracker from negative to positive. Generally, all solvents were not 
genotoxic or carcinogenic in rodents. In vitro MN test results were also generated in TK6 cells in parraellel (not 
discussed herein, but comparitively displayed). To further investigate the 10 positive ToxTracker results, ToxTracker AO 
was conducted. Four (4) of them (isopropyl amine, dichloromethane, sodium hexafluorophosphate and methanol) were 
detoxified by at least 1 ROS scavenger suggesting these effects would not persist in vivo due to redox homeostasis. 

A main objective of this study was to find tolerable levels of these solvents in the ToxTracker assay, for potential use 
as test article carriers or to know when residual solvent in API would be problematic. For this reason, all exposures 
were initially conducted up to 5% v/v.  Data from the positive ToxTracker results were converted to molarities, which 
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 
to physiologically relevant exposures (i.e., ≤ 10 mM). Also, using this limit dose restored the known accuracy of 
ToxTracker to detect in vivo genotoxicants.45 

NoDR = No dose response, ND = Not determined. 
To set tolerable solvent limits for the ToxTracker assay, cell survival data was modeled with 
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 
converted to percentages to indicate tolerable solvent concentrations in ToxTracker. 

MN = Micronucleus, Carci = Carcinogenicity, Pos = Positive result, Neg = Negative result, Eq = Equivocal results

AO = Antioxidant, "--" = Not tested or published, "---" = Tested in AO but result unchanged

Ten (10) solvents were positive in ToxTracker with predominantly negative in vivo genetox test 
results. When interpreting data it was noticed that oxidative stress (Srxn1-GFP) was induced prior to 
any indication of DNA damage (Rtkn-GFP). Hence, the hypothesis that oxidative stress was inducing 
DNA damage secondarily was tested using the antioxidant (AO) extention of ToxTracker. Similar 
culturing conditions were employed (-S9 only) with coexposure to either 10 mM reduced GSH or 
N-acetylcysteine. For 4 of the 10 solvents (2 shown), this explained the positive responses, 
demonstrating that oxidative stress may be inducing DNA damage. 

(Left) Solvents with positive ToxTracker data were submitted to BMD analysis in Proast using a benchmark response of 
100. Upper and lower bounds of 90% BMD confidence limits are plotted in molarity, to show that when positive, nearly 
all were above the recommended limit dose (10 mM) for mammalian cell genotoxicity assays. 10 mM is indicated by a 
dashed red line.

(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) 
or negative (solid bars) in vivo.46  10 mM is indicated with a dashed red line.  

Lowest genotoxic exposure level (LOGEL, red) or highest negative exposure level (NOGEL, green) in molarity. The 
dashed line indicates the current limit dose for mammalian cell genotoxicity assays as set by OECD, derived during the 
ICPEMC. Standard vehicle amounts of Ethanol (blue) and DMSO (black) are shown for reference, which are by design, 
negative in ToxTracker. The observed positive results for all but isopropyl amine were observed >10 mM, suggesting it's 
artefactual due to supraphysiological exposures. 

DMSO, heptane and methanol can be used in ToxTracker up to 1% v/v as a 
vehicle with no adverse (≤20% relative cytotoxicity) effects.

Isopropyl amine was the only positive solvent in ToxTracker below 10 mM, 
but has no in vivo genetox data to understand biological significance. 

The recommended OECD limit dose of 10 mM was confirmed to reduce 
misleading positive ToxTracker test results, when compared to in vivo data. 

ToxTracker AO can be used to understand if oxidative stress is causing or 
driving genotoxic effects (i.e., dichloromethane).
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ToxTracker AO Follow Up

MN Carci Ames Rtkn/Bscl2 AO >10 mM?

N,N-Dimethylamine 124-40-3 45.08 -- -- Neg1 Eq Neg -- No

Heptane 142-82-5 100.2 -- -- Neg2 Neg Neg -- Yes

N,N-Dimethylformamide 68-12-2 73.09 Neg3 Pos4 Neg4 Pos Neg -- Yes

2-Methyl tetrahydrofuran 96-47-9 86.13 Neg5 -- Neg5,6 Pos Neg -- Yes

2,6-Di-tert-butyl-4-methylphenol (BHT) 128-37-0 220.35 Neg7 Neg8 Eq9-13 Pos Neg -- No

Cyclopentyl methyl ether 5614-37-9 114.19 Neg14 -- Neg14 Pos Neg -- Yes

Formic acid 64-18-6 46.03 -- Neg15 Neg16 Neg Eq (+S9) -- Yes

Dimethyl sulfide (DMSO) 67-68-5 78.13 -- -- Neg16 Eq Eq (+S9) -- Yes

Anisole 100-66-3 108.14 -- Neg17 Neg18 Neg Eq (+S9) -- Yes

Isopropyl amine 75-31-0 59.11 -- -- Neg19,20 Neg Pos Neg No

Dichloromethane 75-09-2 84.93 Eq21 Pos22 Pos23-26 Neg Pos Neg Yes

1-butanol 71-36-3 74.12 Neg27 -- Neg28-30 Pos Pos --- Yes

Sodium hexafluorophosphate 21324-40-3 167.96 -- -- --1 Neg Pos Neg Yes

Acetonitrile 75-05-8 41.05 Pos31 Eq31 Neg31 Neg Pos --- Yes

Methanol 67-56-1 32.04 -- Neg32 Neg33 Pos Pos Neg Yes

2-propanol (isopropanol) 67-63-0 60.1 Neg34 Neg35 Neg16 Pos Pos --- Yes

Ethyl acetate 141-78-6 88.11 Neg36 Neg37 Neg16 Pos Pos --- Yes

1-Methyl-2-pyrrolidinone 872-50-4 99.13 Neg38 Neg39 Neg40-42 Pos Pos --- Yes

Tetrahydrofuran 109-99-9 72.11 Neg43 Pos43,44 Neg42 Pos Pos --- Yes

ToxtTrackerin vitro
MN

CAS No.Chemical Name MW (g/mol)
Rodent Outcomes
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