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Multiple Organ Carcinogenicity of 1,3-Butadiene in B6C3F1 
Mice After 60 Weeks of Inhalation Exposure 

Abstract. Groups of 50 male and 50 female B6C3FI mice were exposed 6 hours per 
day, 5 days per week, for 60 to 61 weeks to air containing 0 ,  625, or 1250 parts per 
million 1,3-butadiene. These concentrations are somewhat below and slightly above 
the Occupational Safety and Health Administration standard of 1000 parts per 
million for butadiene. The study was designed for 104-week exposures but had to be 
ended early due to cancer-related mortality in both sexes at both exposure concen- 
trations. There were early induction and signijicantly increased incidences of 
hemangiosarcomas of the heart, malignant lymphomas, alveolar-bronchiolar neo- 
plasms, squamous cell neoplasms of the forestomach in males and females and 
acinar cell carcinomas of the mammary gland, granulosa cell neoplasms of the 
ovary, and hepatocellular neoplasms in females. Current workplace standards for 
exposure to butadiene should be reexamined in view, of these jindings. 

1,3-Butadiene, in production volume 
one of the top 20 organic chemicals man- 
ufactured in the United States ( I ) ,  is a 
colorless gas used mainly to make syn- 
thetic rubber (styrene-butadiene rubber 
and polybutadiene rubber) and thermo- 
plastic resins (acrylonitrile-butadiene- 
styrene) (2). In 1983, 2.3 billion pounds 
of butadiene was produced in the United 
States ( I ) .  The maximum 8-hour time- 
weighted average workroom exposure 
concentration promulgated by the Occu- 
pational Safety and Health Administra- 
tion (OSHA) is 1000 pprn (3) .  

Butadiene is mutagenic to Salmo- 
nella typhimurium strains (TA1530 and 
TA1535), which are sensitive to base- 
pair substitution mutagens (4). Mutage- 
nicity of butadiene apparently requires 
metabolic activation (4) and may be due 
to the epoxide intermediates butadiene 
monoxide (1,2-epoxybutene-3) and di- 

epoxybutane. Butadiene monoxide is the 
primary metabolite of butadiene bio- 
transformation by rat liver microsomal 
monooxygenase (5)  and may be conju- 
gated with glutathione or further metabo- 
lized to diepoxybutane or 3,4-epoxy-1,2- 
butanediol (6). 

Butadiene monoxide and diepoxybu- 
tane have been found to induce local 
neoplasms when applied to the skin of 
mice or when administered to mice or 
rats by subcutaneous injection (7). In the 
study reported here malignant neo- 
plasms were observed at multiple sites in 
B6C3FI mice exposed to butadiene va- 
pors for only 60 to 61 weeks. 

Groups of 50 male and 50 female 
B6C3F1 mice (Charles River) were ex- 
posed 6 hours per day, 5 days per week 
to air containing butadiene at target con- 
centrations of 0 (chamber control), 625, 
or 1250 pprn (8). The animals, which 

All animals that died during the study 
or that were killed at the end of the 
exposure period were subjected to a 
gross necropsy and a complete histo- 
pathologic examination (9). Differences 
in survival were analyzed by life table 
methods (10). Incidences of neoplastic 
lesions were analyzed by life table meth- 
ods and by the Fisher exact test for 
pairwise comparisons of high-dose or 
low-dose groups with controls and the 
Cochran-Armitage test for dose-re- 
sponse trends (10). 

Mean body weights of male or female 
mice did not appear to be affected by 
exposure to butadiene. However, sur- 
vival was significantly (P < 0.01) re- 
duced in all exposure groups. Survival 
rates were as follows: for males at 60 
weeks, 49 of 50 (controls), 11 of 50 (625 
pprn), and 7 of 50 (1250 ppm); for females 
at 61 weeks, 46 of 50 (controls), 15 of 50 
(625 pprn), and 30 of 50 (1250 ppm). 

Early deaths were due primarily to 
malignant neoplasms involving multiple 
organs. Because the study was stopped 
while background tumor incidences were 
low (11), it was possible to examine the 
effect of butadiene on total tumor rates. 
At the end of the study there were tu- 
mors in 20 Dercent of the control males 
and 12 percent of the control females, 
compared to 80 to 94 percent of the 
exposed mice. The total number of pri- 
mary malignant and benign neoplasms 
per animal was also much greater 
(P < 0.01) in the butadiene-exposed 
groups. 

Primary tumors caused by exposure to 
butadiene are listed in Table 1. Malig- 

Table 1. Incidence of primary tumors in B6C3F1 mice exposed to butadiene by inhalation for 60 to 61 weeks. Values are numbers of animals and 
incidence (percent). 

Tumor 

Malignant lymphoma 
Hemangiosarcoma of heart 
Alveolar-bronchiolar neoplasms 
Squarnous cell neoplasm of 

forestomach 
Acinar cell carcinoma of 

mammary gland 
Granulosa cell neoplasm of ovary 
Hepatocellular neoplasms 

Control 

0 of 50 (0)* 
0 of 50 (0)$ 
2 of 50 (4)* 
0 of 49 (0) 

0 of 50 (0) 

8 of 50 (16) 

Males 

625 ppm 

23 of 50 (4611 
16 of 49 (3317 
14 of 49 (29)t 
7 of 40 (18)t 

1250 ppm 

29 of 50 (58)t 
7 of 49 (14)t 

15 of 49 (31)t 
1 of 44 (2) 

Females 

Control 

1 of 50 (2)- 
0 of 50 (0)* 
3 of 49 (6)* 
0 of 49 (0)* 

0 of 50 (0)* 

0 of 49 (0)" 
0 of 50 (0)i 

625 ppm 

10 of 49 (20)t 
11 of 48 (23)t 
12 of 48 (25)t 
5 of 42 (12)s 

2 of 49 (4) 

6 of 45 (13)1 
2 of 47 (4) 

1250 ppm 
-- 

l o  of 49 (20)t 
18 of 49 (37)t 
23 of 49 (47)t 
10 of 49 (20)t 

6 of 49 (12)s 

12 of 48 (25)t 
5 of 49 (10)s 

.- 

*Increasing trend ( P  < 0.01). ?Increased compared to control (P < 0.01). $Increasing trend (P < 0.05). $Increased compared to control ( P  < 0.05). 
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nant lymphomas, hemangiosarcomas of 
the heart, and alveolar-bronchiolar neo- 
plasms occurred with significant positive 
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