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The evaluation of male reproductive toxicity is a crucial aspect of drug discovery, given that the detection of toxicity
in preclinical studies results in the termination of drug development. Toxicity can be detected using several approaches,
and the identification of histopathological alterations in the seminiferous tubules is the most accepted, sensitive, and direct
marker of male reproductive toxicity. However, this conventional approach of employing experimental animals cannot be
compared with human testis and requires considerable effort. In the absence of expert evaluation, the use of this method
may result in defective figures. Therefore, there is an urgent need to develop rapid and efficient methods to detect and
clarify the causes and nature of male reproductive toxicity. Furthermore, for the most accurate evaluation of male
reproductive toxicity, other key reproductive endpoints must be considered to determine the underlying cause and
suppression of spermatogenesis, ultimately resulting in reduced sperm quality and fertility. However, sperm quality and
fertility data obtained from rodents exposed to chemicals (i.e., anticancer drugs) poorly predict human sperm toxicity, and
there is limited information available regarding the impact of several chemicals on human spermatozoa. Moreover,
chemicals that negatively impact sperm quality in rodents without affecting mating outcomes may still pose a risk to

humans, as these findings may indicate undesirable effects on reproductive development.

Herein, we developed a novel method to evaluate male reproductive toxicity in experimental animals. First, we
developed a mammalian male germ cell-specific staining method using Reactive Blue 2 dye (RB2), as previously described
for human sperm. Second, we successfully developed a method for detecting the early stages of DNA fragmentation in a
single nucleus from mouse spermatozoa using single-cell pulsed-field gel electrophoresis. In this method, the elongated
DNA fibers were classified into four categories: long-chain fibers, stretching from the origin without interruption; fibrous
fragments that had separated beyond the anterior end of the long-chain fibers; granular fragments that were discharged
beyond the fibers; and ultimately, almost all the DNA degraded to granular fragments. The comet assay is routinely used
to detect DNA fragmentation; however, this assay is insensitive to the early stages of DNA fragmentation. Single-cell
pulsed-field gel electrophoresis enabled the precise evaluation of sperm DNA integrity. Third, we established a new, ready-
to-use, and compact magnetic resonance imaging (MRI) platform using a high-field permanent magnet to evaluate male
reproductive toxicity. The histopathological analysis supported the suitability of the MRI platform, and the present study,

for the first time, revealed a rapid, noninvasive evaluation of male reproductive toxicity in vivo using compact MRI.

The present study successfully developed a novel staining technique for evaluating sperm quality and a noninvasive

imaging analysis of male reproductive toxicity.



