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In humans, aneuploidy (ie, abnormality of the chromo-
some number) causes serious reproductive problems, for
example, spontancous abortions and congenital malfor-
mations in newborns. A lack of useful methods has ham-
pered the study of genotoxic effects on human gametes.
During the last decade, however, fluorescence in situ
hybridization (FISH) with chromosome-specific probes
has become a useful tool to study the chromosome
number of human spermatozoa because it allows a large
number of cells to be analyzed.

The aim of this study was to analyze the chromosome
number of sperm in semen samples of farmers exposed
to fungicides. Fungicides, especially some carbamates,
have been shown to produce aneuploidy in somatic cells
(1.

The samples were collected at a mobile laboratory in
Denmark in February-May (preexposure) and in August-
September (postexposure). The median time from the
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start of fungicide exposure to the second sample was 92
(range 56—128) days. The farmers answered a detailed
questionnaire on both occasions by responding to ques-
tions related to their exposure to fungicides and to their
personal habits (eg, smoking and alcohol consumption).
A standard semen analysis was performed in the labora-
tory. A semen sample (300 pl) was frozen at -70°C and
stored for the FISH analyses. Semen samples of the 34
most heavily exposed farmers were sent on dry ice to the
laboratory in Finland. The samples were prepared as de-
scribed earlier (2).

Chromosome-specific probes for chromosomes 1 and
7 were used because they could be made in the laborato-
ry and thus were economic for large-scale use. The chro-
mosome 1 signal was detected with red fluorescence and
the chromosome 7 signal with green, while the back-
ground nuclear staining was weak red. The slides were
coded and examined in a fluorescence microscope
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equipped with a double-band-pass filter that allowed the
simultaneous detection of both red and green fluores-
cence.

Altogether 10 000 spermatozoa were scored by 2
trained scorers, each scoring 5000 spermatozoa. The fre-
quency of spermatozoa with 0, 1, or 2red and 0, 1, or 2
green signals was determined.

The scoring criteria were as described earlier (2). A
normal haploid sperm cell shows 1 red and 1 green sig-
nal. Hyperhaploid sperm nuclei contain more than 1 spot
of either red (disomy-1) or green (disomy-7) fluores-
cence. Diploid sperm show 2 signals of both colors. The
sum of the hyperploid sperm (disomy-1 + disomy-7 +
diploidy) was also determined. When the hybridization
efficiencies were calculated, the sperm with no signals
or only 1 signal of either color were considered indica-
tors of a lack of hybridization although some of these
cells may have represented true nullisomy.

The statistical analysis included a comparison of the
sum of hyperploid sperm before and after exposure with
the use of a paired t-test (the sum was normally distrib-
uted), whereas the disomy and diploidy rates were not
normally distributed and were compared with nonpara-
metric methods using SAS statistical program package 8
(3).

The analysis of the semen samples of the farmers oc-
cupationally exposed to fungicides was successful for 65
of the 68 (95.6%) samples obtained. The hybridization
efficiency was excellent (98.7%). The analysis of the ef-
fect of life-style factors on the sperm chromosome aneu-
ploidy by FISH will be reported separately.

Fungicide exposure did not significantly alter the fre-
quencies of aneuploid sperm. The frequency of sperm di-
somic for chromosome 1 was 11.9 x 10 before and 11.8
x 10 after the exposure, for disomy-7 the correspond-
ing values were 4.9 x 10 and 4.5 x 10", for diploidy
the values were 10.2 x 10* and 9.0 x 10, and for the
sum of the hyperploid sperm the corresponding values
were 27.0 x 10 and 25.3 x 10+ The frequencies are in
accordance or slightly lower than previous results ob-
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tained from fertile men studied in our laboratory and
showing disomy-1 in 11.5 x 10, disomy-7 in 6.4 x 10
, and diploidy in 15.0 x 10 spermatozoa (2).

FISH methods have obtained increasing popularity in
genetic toxicology. It is still too early to draw conclu-
sions on the usefulness of the analysis in occupational
studies on male fertility. The experience gained from our
study shows that FISH is a rather laborious and expen-
sive technique and, at present, is not easily applicable to
large, population-based studies. Automated, image-anal-
ysis-based scoring methods would be very welcome.

Human exposures that have been shown to induce an
increase in sperm aneuploidy include cytostatic drugs (4)
and alcohol and caffeine consumption (5). Fungicide ex-
posure did not alter the sperm aneuploidy frequencies al-
though this group of chemicals contains some known
aneugenic agents. Further studies are needed to determine
whether occupational exposures can induce aneuploidy
in human sperm.
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