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Introduction
  A skewed offspring sex ratio (65% girls) was reported in families with both
parents exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) following the
explosion at a chemical plant in Seveso, Italy in 19761).  A subsequent study of the
Seveso cohort revealed that this skewness was associated with paternal, not
maternal, exposure2).  Several epidemiological studies, such as Russian pesticide
worker cohort3), Australian chloracne cohort4) and Yu-chen cohort5), also suggested
the association of paternal exposure to dioxin with a lowered sex ratio.  On the
other hand, no alteration in sex ratios of offspring was found in workers in the
factories produced Agent Orange6), a TCDD-containing herbicide, and in Vietnam
veterans engaged in “Operation Ranch Hand”, the unit responsible for spraying
Agent Orange7).  To test the possibility that paternal TCDD exposure is associated
with a lowered sex ratio in the offspring, in the present study, we exposed male
Long-Evans rats to TCDD for 9 weeks and examined the sex ratio and other
toxicological parameters.

Materials and Methods
Animals and treatment
  Rats were handled with care according to the guidelines for animal experiments at
SNBL.  Two hundred 5-week-old male Long-Evans rats (Charles River
Laboratories) were divided into one control and three treatment groups.  We
adopted a loading dose/maintenance dose regimen to expose the animals to a rather
constant level of TCDD8). Rats were given one initial dose of 0, 0.1, 1, or 5 µg
TCDD/kg by gavage followed by a weekly maintenance dose (20% of initial dose)
for 9 weeks.  After the 9-week exposure period, each male was mated 1:1 with an
intact female rat of the same strain.  A female that had a vaginal plug the following

Organohalogen Compounds, Volumes 60-65, Dioxin 2003 Boston, MA

Organohalogen Compounds 64, 328-331 (2003) 328



morning was designated as Day 0 of gestation (GD0).  This plug-positive female
was then removed and replaced by another female after a minimum two-day interval
until each male had two plug-positive females.  Mating performance and male
fertility were evaluated.  After the inspection of dams and pups, all males were
sacrificed under light diethylether anesthesia for tissue collection. The left testis and
epididymis were fixed in Bouin’s solution followed by 10% buffered formalin for
histopathological inspection.  The right testis and epididymis were immediately
frozen and stored at –80°C for further investigation.
  Eighty dams per group were sacrificed on GD20, and pregnancy outcome was
evaluated.  Number of viable fetuses, dead fetuses, resorptions, and corpora lutea
were counted. Fetuses were weighed and sexed, and their external morphology and
internal genital organs were examined under a dissecting microscope.
  Twenty dams per group were allowed to deliver, and the number of pups (alive or
dead) as well as their sex was recorded.  The pups (F1) were culled to 8 per litter
(4 of each sex, if possible, on postnatal day (PND) 4 (day of birth=PND0)).  At
weaning (PND22), 4 pups (2 of each sex) were necropsied.  The following
developmental landmarks were monitored: anogenital distance (PND4 and 91),
preputial separation (male: PND40, 45, and 50), and vaginal opening (female:
PND30, 35, and 40).
  The animals (91- 112 days old, 2 of each sex per litter) were mated with the
opposite sex of another litter of the same group for up to 2 weeks.  Half of the
dams were sacrificed on GD15, and the number of corpora lutea, implantation sites,
and live fetuses was counted.  The rest of the dams were sacrificed on GD20, the
fetuses (F2) were sexed, and their gross morphology was inspected. 
Statistical methods
  The unit of comparison was the individual animal or the litter, as appropriate.
Homogeneity of variance was evaluated by Bartlett’s test.  Copulatory rate and
fertility rate were analyzed by Fisher’s exact test.  Other data were analyzed by
Dunnett’s multicomparison test.

Results and Discussion
  Neither death nor abnormality in general condition of rats was observed during
the study period.  The body weight gain of males was significantly suppressed in
the highest-dose group (Loading-dose/Maintenance-dose: 5/1µg TCDD/kg).  The
copulatory rate and fertility rate were not affected by the treatment.
  The sex ratio of the fetuses was slightly higher in both the control and exposed
groups (Fig. 1).  Paternal TCDD exposure had no effects on the sex ratio of their
offspring, which did not allow us to speculate the mechanisms involved in the
male-mediated skewed sex ratio reported by the epidemiological studies.  James
proposed a hormonal hypothesis that high gonadotropin and low testosterone levels
injured and skewed the Y-bearing gametes before conception9).  Jongbloet et al.
proposed a hypothesis of post- and pre-ovulatory over-ripeness of the oocyte, which
leads to preferential loss of male fetuses and preferential insemination by Y-bearing
spermatocytes, respectively 10).  They claimed that their hypothesis explained both
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a significant low sex ratio in exposed man-unexposed woman couples and a
tendency to higher（0.545） sex ratio in unexposed man-exposed woman couples in
the Seveso cohort2).  It would be worth while to test this ovopathy concept in
animal models.  
  Fetal mortality was significantly elevated only in the lowest-exposure group (Fig.
2) without a dose-dependent tendency. Since dose–response fallacy was often
observed in many reproductive end points 11), confirmation of this observation is
now in progress.
  Paternal TCDD exposure had no effects on the development of naturally delivered
F1 offspring.  No TCDD effect was observed in the copulatory rate and fertility of
F1 or in the development and sex ratio of their offspring (F2).  Vehicle-treated
control animals showed no significant effects for the weight of the testes and the
epididymides, suggesting the absence of treatment effects. No abnormal finding was
observed in histopathological examination of testes and epididymides of rats of the
highest-dose group.
  In summary, TCDD exposure to male rats using loading-dose/maintenance-dose
regimen suppressed body weight gain, but no effect was observed in either the
fertility of the male rats or the sex ratio of their offspring.  Fetal mortality was
significantly elevated in the lowest-dose group.  
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Fig. 1. Effect of paternal TCDD exposure using loading/maintenance dose regimen
on sex ratio of offspring.

Fig. 2.  Effect of paternal TCDD exposure using loading/maintenance dose
regimen on embryo/fetus mortality.
* significantly different from control, p< 0.05 by Dunnett’s multicomparison test.
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