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Identifying Key Characteristics of Chemicals that Harm Male and Female 
Reproduction 

Researchers from the University of California, Berkeley (UC Berkeley) Superfund Research Program 
Center developed and applied a “key characteristics” framework to help risk assessors better identify, 
organize, and summarize the potential reproductive health risks of different chemicals. By 
understanding specific events that lead to toxicity, they also may be able to systematically predict 
whether less studied chemicals may be reproductive toxicants and prioritize them for additional study. 

Led by UC Berkeley Superfund Research Program Center Director Dr. Martyn Smith, the team built on 
previous work, which defined key characteristics of chemicals that cause cancer in humans. With the 
same approach in mind, they convened two separate working groups of international regulatory experts 
and scientists to identify key characteristics shared by chemicals that are toxic to male and female 
reproduction. 

The working groups reviewed the existing literature and discussed the early changes in cells and organs 
that may represent key characteristics of reproductive toxicants. These changes occur primarily in the 
testicles and sperm or in egg cells and ovaries. This can include direct impacts on the ability of 
reproductive cells to create embryos, as well as longer term impacts on embryo viability and 
development. 

The first working group evaluated a list of chemicals known to target the male reproductive system, 
including pharmaceuticals, drugs such as opiates or alcohol, and toxicants such as cadmium, 
polychlorinated biphenyls, and pesticides. From this list, they identified eight shared key characteristics 
of male reproductive toxicants. 

For example, altering the development, function, or death of sperm cells was one key characteristic. 
Sperm cells are vulnerable to chemical stressors during all developmental stages. The working group 
pointed to studies linking exposure to benzo[a]pyrene (BaP) or cadmium with increased sperm cell 
death and reduced sperm motility. They also highlighted toxicants that decreased sperm cell number 
and altered sperm morphology. 

The working group identified alterations in the production of hormones, including gonadotropins, sex 
steroids, and thyroid hormones, as a key characteristic of male reproductive toxicants. These hormones 
play important roles in the normal development and function of the male reproductive system. For 
example, the group noted several studies linking exposure to phthalates, PCBs, BaP, or opiates with 
reduced androgen production and levels. Similar to other important sex steroids, they explained that 
androgen deficiencies can result in abnormal reproductive anatomy and infertility. 

Another working group evaluated a list of chemicals known to target the female reproductive system, 
including pharmaceuticals, cigarette smoke, and toxicants such as polycyclic aromatic hydrocarbons 
(PAHs), bisphenol A, and pesticides. Through systematic evaluation of the literature on the underlying 
mechanisms, they identified ten key characteristics of female reproductive toxicants. 

For example, the group found that toxicants often alter the interactions between cells, particularly 
during follicle development and the process of fertilization. As evidence, they pointed to studies in 
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which exposure to PAHs interfered with interactions between developing egg cells and important cells in 
the ovary that provide blood supply and nutrients. Studies also were highlighted showing that BaP 
exposure early in development reduced the ability of mature eggs to fuse with sperm to create an 
embryo. 

Another key characteristic the experts agreed on was that toxicants alter microtubules, hollow shafts 
that give structure and shape to a cell, and related structures. They pointed to studies showing that 
cigarette smoke, diesel exhaust, and BPA exposure can interfere with microtubule functions, leading to 
chromosomal abnormalities. Additional studies explain how cigarette smoke exposure interferes with 
other microtubule functions, which can be a factor in infertility and ectopic pregnancy, a condition in 
which an embryo implants somewhere other than the uterus, such as in the fallopian tubes. 

According to the working groups, these characteristics help lay the groundwork for understanding how 
fertility and reproductive health are affected by exposure to harmful chemicals. The authors stress that 
having one or even several of these characteristics does not conclusively identify a chemical as a male or 
female reproductive toxicant. Rather, since it would be nearly impossible to test all chemicals in use for 
their toxic effects, they explain that risk assessors could prioritize those chemicals having one or more 
key characteristics for additional toxicity testing. The authors also suggest this method may be useful in 
conjunction with a data science approach to predict toxicity and prioritize chemicals for further study. 

The team plans to facilitate additional working groups of experts focused on identifying key 
characteristics of chemicals that harm the brain and development, as well as chemicals that harm the 
heart. Ultimately, Smith and colleagues hope to identify key characteristics of harmful chemicals more 
broadly, regardless of the specific body system that is targeted. 

If you’d like to learn more about this research, visit the Superfund Research Program website at 
niehs.nih.gov/srp. From there, click on the Research Brief title under the banner, and refer to the 
additional information listed under the research brief. If you have any questions or comments about this 
month’s podcast, send an email to srpinfo@niehs.nih.gov.  

Join us next month as we discuss more exciting research and technology developments from the 
Superfund Research Program. 

 

 


