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MATERIALS &  METHODS ( IN -L IFE PHASE)
The overall project included both in-life and post-life phases. The study methodology is 
shown schematically to the right.  Twenty-eight Big Blue® female mice approximately 
11 weeks of age were randomly assigned to 4 exposure groups (0, 62.5, 125 and 250 
ppm 1-BP) and exposed for 4 consecutive weeks on a 6 hour per day, 5 day per week 
regimen, for a total of 20 exposures for each animal. Exposures were conducted in four 
approximately 300-L polycarbonate whole-body inhalation chambers.

1-BP vapors were generated using gas washing bottles. Air was bubbled through the 
liquid test substance to produce concentrated 1-BP vapors.  The concentrated vapors 
were directed through polyethylene tubing to the inlet of each exposure chamber and 
were then diluted to the desired exposure concentrations by mixing with chamber 
supply air. 1-BP concentrations in the chambers were measured multiple times during 
each exposure using gas chromatography with flame ionization detection.  Animals 
were sacrificed on Day 31. A complete necropsy was not performed, but gross 
observations were made.  Liver, lungs and colon were collected from all animals and 
weighed. Tissues were then flash frozen in liquid nitrogen as soon as possible during 
necropsy (typically within 10 minutes of collection), and stored at −65°C to −85°C. The 
frozen tissue samples were shipped on dry ice via overnight courier to MilliporeSigma,
BioReliance® Testing Services for cII mutant analysis.

INTRODUCTION
1-Bromopropane is an industrial solvent used primarily as a vapor degreaser and is approved for use under the US EPA 
Significant New Alternative Program (SNAP) as a replacement for 1,1,1-trichloroethane.  1-BP does not deplete ozone as does 
1,1,1-trichloroethane, and US EPA approved its use as a more environmentally friendly alternative. Like most organic 
brominated compounds, 1-BP has inherent toxicity. Many animal studies have been conducted using 1-BP, and the consensus 
is that the primary target organs are reproductive (primarily male) and neurological (peripheral and CNS).  Peripheral 
neuropathy-type effects have been reported in highly exposed occupational workers, but no reproductive effects have been 
reported in humans. Two-year cancer bioassays in rats and mice were recently completed by the NTP, which indicated a dose-
related increase in tumors in the lung of female mice and in the large intestine of male and female rats. The most sensitive 
endpoint was lung tumors in female mice.  Since the NTP study was published, regulatory and advisory agencies (e.g., Agency 
for Toxic Substances and Disease Registry [ATSDR]) have incorporated the tumorigenic findings into their toxicological 
summaries for 1-BP, and all assume that use of the linearized multistage (LMS) model is an appropriate approach for 
establishing a cancer slope factor. This could lead to development of new toxicity values based on this no threshold-model of 
carcinogenicity.  However, the weight of evidence for genotoxicity across more than a dozen tests covering multiple endpoints is 
mostly negative, casting doubt on the appropriateness of using a one-hit genotoxic model assumption for cancer development 
from 1-BP exposure. If the chemical was shown to be non-mutagenic, then a threshold-type nonlinear model may be a more 
appropriate approach for risk assessment. To test the hypothesis that 1-BP is not mutagenic, the authors conducted an in vivo 
transgenic rodent mutation assay following OECD TG 488 that mimicked the NTP mouse study (except for duration), but used 
transgenic B6C3F1 Big Blue® mice.  The Big Blue® assay is a transgenic rodent mutation assay that measures mutation 
frequency in the cII gene in any tissue in the body.  This whole-body inhalation study was designed to investigate the possibility 
for a mutagenic mode of action for tumor formation in the lungs, liver, or colon.

ABSTRACT
Two-year inhalation rat and mouse cancer studies conducted by the National Toxicology Program (NTP) on 1-bromopropane
(1-BP), a brominated solvent most commonly used as a vapor degreaser, showed a significant increase in tumors in the lung of 
female mice and in the large intestine of male and female rats.  The most sensitive endpoint was lung tumors in female mice. 
Mice of both sexes had hyperplasia and inflammation of the nasal tissues and showed regeneration of lung tissue.  The NTP 
assumed that these tumors were due to genotoxic effects and that a linear dose-response relationship was appropriate. It is 
plausible that, similar to chloroform, hyperplasia and inflammation are required as initial events for tumor development. If true, 
then a threshold-based model may be more appropriate for 1-BP.   To test this hypothesis, a 28-day repeat-dose inhalation Big 
Blue® assay was conducted using female transgenic B6C3F1 mice.  The target exposure concentrations and the exposure 
regimen were identical to those used by the NTP.  Results demonstrated no elevation in mutant frequency of the cII transgene in 
lung, colon, or liver. Positive controls produced statistically significant increases in mutant frequencies across all tested tissues. 
These results demonstrate that 1-BP does not induce cII mutants in lung, colon, or liver under the testing conditions. These data
have important ramifications in the quantitative evaluation of tumor results for this chemical and support a mechanism of action 
where a threshold for carcinogenicity is plausible.

MATERIALS &  METHODS (POST-LIFE PHASE)
The post-life phase of the study included DNA extraction, DNA packaging, phage plating, and mutation frequency statistical 
analysis.

Liver, lung, and colon tissue samples from 6 or 7 animals/group (including positive control samples supplied by BioReliance) were 
processed for DNA isolation and mutant analysis.  Liver and lung (50–70 mg) were extracted by homogenization in a glass 
Dounce homogenizer, pelleting of nuclei by centrifugation, digestion of nuclei, and dialysis of DNA. For the colon, an 
approximately 2.5 cm segment was sliced open, mucus was gently removed, lining scraped away from the walls, and the walls 
were discarded. The removed lining was processed as described above.  Isolated DNA samples were stored at 2°C to 8°C.

Isolated DNA was processed using Agilent Transpack packaging extract. Methods followed BioReliance protocols that were 
based on Agilent instruction manuals titled “λ Select-cII Mutation Detection System for Big Blue® Rodents” and “Transpack 
Packaging Extract for Lambda Transgenic Shuttle Vector Recovery”.  Frozen stocks of E. coli strain G1250, provided and 
characterized by Agilent, were used to prepare master bacterial plates. Several colonies were randomly selected from master 
plates and used to inoculate overnight suspension cultures. The following day, packaged phages were adsorbed onto E. coli
G1250 suspension cultures for 30 minutes, molten top agar added, and the cells were plated onto bottom agar plates. Plates 
with diluted phage were incubated at 37°C ±1.0°C overnight for calculation of phage titer. Plates with undiluted phage were 
incubated at 24°C ± 0.5°C for 42 to 48 hours for determination of the number of mutants. After incubation, plates were scored 
visually for number of plaques per plate. Every sample was packaged at least two times.

The mutant frequency (MF) was calculated for each tissue analyzed from each animal as the total number of mutant phage 
divided by the number of total phage screened. Since this ratio is extremely small and may not be normally distributed, a log10 
transformation of the MF data was performed. The individual animal was considered the experimental unit for statistical analysis.  
Initially, the positive control group (Group 5) was compared to the filtered air control group using a 1-way ANOVA.  In the second 
part of the analysis, all groups that received the test substance (Groups 2, 3 and 4) were compared to the filtered air control.  In 
both cases, log10 transformed MF data were evaluated using a 1-way ANOVA and Dunnett’s test (p<0.05).  Statistical analysis 
was performed using Minitab® version 16.1.0 (Minitab®, Inc., State College, PA, United States).
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RESULTS

Frequency of cII Mutants in Target Tissues

1 2 3 4
Target Exposure Concentration (ppm) 0 62.5 125 250
Mean Nominal Exposure Concentration (ppm) 0 87.9 ± 10.4 149 ± 14.2 262 ± 21.4
Mean Analyzed Exposure Concentration (ppm) 0 62.8 ± 3.1 125 ± 5.7 258 ± 34.5

Exposure Group

1-BP Exposure Chamber Concentrations

DISCUSSION &  CONCLUSION
Regulatory programs typically assume that positive responses in a cancer study are due to direct actions of a chemical on DNA 
(i.e., genotoxic mode of action).  This further assumes that a single molecule can cause cancer in target tissues (known as the 
one-hit model). This is typically quantitatively addressed through the use of a linearized multistage model that takes the high
doses used in cancer studies and assumes a linear dose-response exists for the chemical down to zero. Integral to this 
approach is the assumption that there is no threshold for cancer.  Genotoxic carcinogens that operate via a mutagenic mode of 
action are generally capable of causing mutations to DNA that are replicated and may ultimately lead to runaway cell growth 
(i.e., cancer). If a chemical can be shown to not cause mutations in target tissues at tumorigenic dose levels, then it supports 
the argument that the chemical is not a direct acting genotoxic carcinogen. Instead, other mechanistic actions need to be 
considered and incorporated into the quantitative evaluation of cancer potential, including presence of a threshold.  To date, only 
a single chemical, chloroform, is classified as a threshold carcinogen by the US EPA according to 3 of the 4 criteria used for 
classification.  The same criteria were used to evaluate the weight-of-evidence for a potential cancer threshold for 1-BP. The Big 
Blue® assay described herein provides conclusive evidence for the fourth line of evidence (lack of mutations).

Based on all of toxicological information available for 1-BP, it is likely that the key event for 1-BP toxicity is cellular hypertrophy 
as a result of metabolic saturation of the GSH pathway, leading to generation of a reactive oxygen radical intermediate 
metabolite. Therefore, protecting against this key event should also protect against carcinogenesis.   All four of the criteria used 
by the US EPA to determine that chloroform has a threshold for cancer are clearly met by 1-BP.  The authors recommend the 
same approach be used for 1-BP, since the weight-of-evidence against genotoxicity and for a threshold-based endpoint (i.e., 
cytotoxicity) is at least as strong as for chloroform. This would eliminate the use of a cancer slope factor to assign an 
occupational exposure concentration and would instead focus on protecting against the cytotoxicity endpoint that is likely a 
required precursor to development of cancer cells.


