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Summary. Benomyl is an effective fungicide that has 
been in use for many years. This chemical and its 
primary metabolite, carbendazim, are microtubule 
poisons that are relatively nontoxic to all mammalian 
organs, except for the male reproductive system. Its 
primary effects, at moderate to low dosages, are on the 
testis, where it causes sloughing of germ cells in a stage- 
dependent manner. Sloughing is caused by the effects of 
the chemical on microtubules and intermediate filaments 
of the Sertoli cell. These effects spread to dividing germ 
cells and also lead to abnormal development of the head 
of elongating spermatids. At higher dosages, it causes 
occlusion of the efferent ducts, blocking passage of 
sperm from the rete testis to epididymis. The mechanism 
of occlusion appears to be related to fluid reabsorption, 
sperm stasis, followed by leukocyte chemotaxis, sperm 
granulomas, fibrosis and often the formation of 
abnormal microcanals. The occlusion results in a rapid 
swelling of the testis and ultimately seminiferous tubular 
atrophy and infertility. In conclusion, studies that reveal 
long term testicular atrophy following chronic or 
subchronic exposure to a toxicant should be re-examined 
for histopathological lesions in the efferent ductules and 
head of the epididymis. Lesions in the male track that 
cause blockage may induce permanent testicular damage 
and a decrease in sperm production. 
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Introduction and early work 

Benomyl [methyl l-(butylcarbamoy1)-2-benz- 
imidazole carbamate] is  a classic benzimidazole 
carbamate fungicide and nematocide that has been used 
for many years on a variety of food crops, ornamental 
plants, trees and grasses. This well-known pesticide and 
its primary metabolite,  carbendazim [methyl 2- 
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benzimidazole carbamate], exhibit fungicidal action 
through their ability to disrupt microtubule formation. 
These chemicals bind B-tubulin subunits of micro- 
tubules, thereby inhibiting mitosis (Davidse and Flach, 
1977; Burland and Gull, 1984). The U.S. Environmental 
Protection Agency regulated benomyl based partially on 
its reproductive toxicity, which was found to cause 
testicular atrophy and decreased fertility (Torchinskiy et 
al., 1976; Anonymous, 1979; Carter and Laskey, 1982; 
Barnes et al., 1983; Carter et al., 1984, 1987). A 70-day 
feeding study showed significant recovery 70 days after 
cessation of treatment, suggesting that testicular effects 
were reversible. 

However, the early s tudies  of benzimidazole 
compounds did not establish mechanisms of testicular 
atrophy; therefore, reversibility was  not clearly 
established in relationship to dosage. Infertility occurred 
in 50% of the males after the first week of exposure to 
10  daily doses of carbendazim (400 mglkg), but 
histopathological examination of the testes revealed 
large variation in tubular atrophy (Carter et al., 1987). A 
few of the males showed only short-term infertility, but 
50% of those infertile in the second week became 
irreversibly infertile. Histological examinations of 
testicular sections from males with irreversible infertility 
revealed greater than 85% of the seminiferous tubules as 
atrophic following treatment, and the tubules exhibited a 
"Sertoli cell-only" epithelium surrounded by a thickened 
basement membrane. In males with recovered fertility, 
there was a large variation in the number of atrophic 
seminiferous tubules, ranging from 13 to 85%. 

At first, atrophy was assumed to be the result of 
carbendazim's action as a rnicrotubule poison, which has 
been shown subsequently to cause necrosis of mitotic 
and meiotic cells in the testis (Nakai and Hess, 1997) 
and the formation of abnormal spermatids (Nakai et al., 
1997). Others found effects on hormones in serum and 
testicular fluids and attempted to relate the long-term 
effects on sperm production to an inhibition of the 
t e s t i cu la r - hypo tha lamus-p i tu i t a ry  feedback loop 
(Goldman et al., 1989; Rehnberg et al., 1989). However, 
upon further examination of the histopathology, it was 
found that two sequential events, first in the testis and 




































