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Abstract/Summary

In this research, the toxicological significance of fetal skeletal variations, such as
thoracolumbar supernumerary ribs (TSR), which are often spontaneously observed in rat
reproductive and developmental toxicity tests, was examined. Historical control data
from rat reproductive and developmental toxicity testing between 2011 and 2015 using
Sprague-Dawley (SD) rats and two sub-strains of Wistar Hannover rats were collected
from 24 Japanese laboratories, including 15 pharmaceutical and chemical companies and
9 contract research organizations. The data included maternal reproductive findings at
terminal cesarean section and fetal findings, including incidences of spontaneous
external, visceral, and skeletal anomalies. In this survey, TSR was observed to have a
relatively high incidence and showed strain differences. TSR was observed at around
0.07-12.98% in SD rats and 4.98-58.10% in Wistar Hannover rats, respectively. Fetuses
showing TSR have also shown accompanying skeletal anomalies, such as incomplete
ossification of thoracic vertebrae and an increase in the number of presacral vertebrae,
suggesting that spontaneous TSR may be induced by altered homeobox gene (HOX)
expression. As a chemically induced TSR animal model, 75 mg/kg of 5-flucytosine (5-
FC) was administered orally to rat dams on gestational day (GD) 9 or 13, and fetuses
were assessed on GD13 in the afternoon. The effects of 5-FC on Hox genes, which
control the anterior-posterior axis, were investigated. As a result, administration of 5-FC
on GD9 induced a posterior shift of HoxalO expression, resulting in induction of TSR
formation. Administration of 5-FC on GD13 resulted in abnormal limb morphology,
along with altered Hox11-13 gene expression. Taken together, these findings indicate
that the timing of 5-FC administration is associated with particular types of
abnormalities, along with disruption of particular Hox genes. TSR and digital
morphological changes may represent a continuum of axis and appendicular skeletal
anomalies. To examine morphological changes of TSR after birth, rat offspring induced
by prenatal 5-FC treatment were monitored in the same animal for up to 9 weeks of age
using CT scanning. Although the lengths of the 13th and 14th ribs (TSR) extended with



growth, the ratio of the 14th to the 13th rib did not change during the examination period,
indicating that the extension of TSR did not exceed the normal range after birth. The
incidences of each type of TSR, such as rudimentary, short and full, during fetal skeletal
observation were similar to those during postnatal CT scanning observation. This result
indicates that TSR can be evaluated at the fetal stage. Our results also show that both,
spontaneous and 5-FC induced TSR, may be caused by altered Hox gene expression.
Further studies and research into the mechanisms involved in this altering of Hox gene
expression are needed to distinguish spontaneous from chemically induced TSR.
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