4) Discussion of threshold and risk

The existence of a threshold for the genetic effect and the multiple-hit theory are
consistent with published data. Mechanistic data also support this theory. It has been
reported that the clastogenic effect, caused by destruction of the spindle-forming
apparatus (such as colchicine), has a clear threshold of specific chemical substances.
ACM has been reported to bind to intracellular and cytoskeletal components and inhibit
their function. The cytoskeletal proteins play a mechanistic role by varied processes of
cellular maintenance, such as maintenance of cell division, axoplasmic transport, and
cell morphology. Obstruction of this function is the foundation of the various toxic
effects of ACM produced by the same dose. By exposure after the maturation division,
chemically-induced chromosome translocations, which can often show recovery,
generally demonstrate a nonlinear dose-effect relationship.

The metabolic capability of mammalian cells (especially the testes, germinal cells and
skin) has to be taken into consideration in assessing risk. Regardless of whether the
ACM-induced damage is caused by related molecules or, as has been proposed, through
the effect of epoxide and glycidamide, these cells contain epoxide hydrase and
glutathione transferase enzymes. Epoxide hydrase is an effective enzyme for
detoxifying reactive epoxide. ACM is metabolized principally by glutathione
transferase. The early capability to detoxify electrophilic substances can be found in
newborn animals. A high level of glutathione transferase can be found in the testes of
rodent neonates, and this rapidly approaches the level in the adult animal. The skin is
also considered a metabolically-active organ, and considerable levels of glutathione
transferase and epoxide hydrase (both of which are cytosol enzymes) were found by the
study. When the quantity of ACM released is very small, or it is slowly released over a
period of time, the probability of the reaction components reaching the cellular DNA 1is
very small.

The sites of action of ACM in germinal cells are, as previously described, late-stage
spermatid and early-stage spermatozon stages. Because in most species the sperm pass
the epididymis in 10~15 days, the exposure period of these cells to ACM is short. The
sperm is continuously metabolically recycled. Sperm which was not ejaculated is either
naturally eliminated or secreted in the urine. Excessive sperm is decomposed in the tail
of the epididymis and, in some species, in the vas deferens. Sperm decomposition
appears to normally be an ongoing phenomenon related to the distal part of the genital
tract. It seems, therefore, that application of Minitran would not cause accumulation of
ACM.

In risk evaluation by the American EPA, based on administration of 1.6 x 10
mg/kg/day ACM in humans (body weight of 60kg, 0.016pug/kg/day) for 70 years, the
extra life span cancer risk was determined to be 1 x 10 (1/100,000). Minitran contains
in average 6.3ppm ACM monomer residue, and the exposure dose of ACM is estimated
to be 0.01pg/kg/day in a 60kg person. Minitran administration is considered to be for
approximately 10 years, and in a survey conducted in the US of 40,000 patients the
average age of patients who used a nitroglycerin transdermal absorption agent was
found to be approximately 57. If compared with the ACM intake from the close



environment during the life period, it appears that the limited intake of ACM from
Minitran does not pose a significant risk.

In an epidemiological survey (1929~1983) of 2,293 subjects who were exposed at their
workplaces to ACM at a concentration estimated as equivalent to 0.3mg/m’, no
statistically significant differences were noted in the rate of death from all causes or the
cause-specific death rate in workers exposed to ACM. Compared with an expected
number of deaths caused by cancer of 73.4 subjects, 72 of the 2,293 subjected exposed
to ACM died of cancer, and no increase in a particular type of cancer was noted. The
most important finding was that the occurrence of skin tumors in topical application was
lower than in oral application of ACM. In a comparison of oral and topical application
in mice, the distribution and binding of radiation-labeled ACM molecules in the DNA
of target tissues was not related to the formation of papillomas. The mechanism of
ACM toxicity is thought to be protein modification, rather than spot mutation, so the
existence of a threshold to this effect increases the safety level with respect to genetic
gene alterations and cancer and reduces the risk. In administration from the Minitran
patch, even in the worst case, the no-effect dose in a 2-year study in rats was at most 3 x
10* (for a 60kg person). As shown in published data, the transdermal absorption of the
monomer is incomplete (65% absorbed), and the safety factor of 5 x 10* exceeds the no-
effect dose for oral administration in rats, in which a greater reaction was induced.
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