ATRAZINE DISRUPTS REPRODUCTIVE DEVELOPMENT AND FUNCTION ACROSS VERTEBRATE CLASSES

We (40 scientists representing 10 countries, and six continents) have evaluated the existing studies
examining atrazine as an endocrine disruptor along with emerging data on this topic. We evaluated over
100 studies that have shown adverse effects of atrazine on primary and secondary sex differentiation,
reproductive development, morphology and behavior and sex hormone dependent cancers. Atrazine
consistently demasculinizes and feminizes the gonads of exposed males across all vertebrate classes
examined. Multiple laboratories have demonstrated that atrazine exposure results in testicular lesions
including loss of interstitial cells [1], loss of supporting (Nurse or Sertoli) cells [2], dilation of testicular
tubules with increased tubular cellular debris [3-6], and severe loss of germ cells [4-6]. These effects
have been demonstrated in peer-reviewed studies in fish [1], amphibians [3], reptiles [6] and mammals
[4-5]. Other studies have demonstrated associated demasculinization effects in males including a
decrease in laryngeal size and breeding gland size in amphibians [3], decreased penis size in reptiles
(Victor-costa, unpublished), and disorders in accessory sex organs in mammals [4]. Also, atrazine
partially feminizes the gonads of exposed males in fish [7], amphibians [3, 8-10] and reptiles [11],
resulting in the development of testicular oocytes. Other studies show that atrazine induces female-
typical coloration [12], feminized larynges [3], and hypertrophied oviducts in amphibians (Hayes,
unpublished). Atrazine also completely feminizes fish [13], amphibians [14-15], and reptiles [11, 16]
resulting in shifts in sex ratios and confirmed sex reversal in amphibians (development of functional
ovaries in genetic males) [3]. Further studies suggest that, among other documented mechanisms,
atrazine exposure causes a decline in androgen levels in fish [17], amphibians [3, 8, 12], reptiles and
mammals [5, 18-20], consistent with the observed demasculinization effects. In addition, the induction
of aromatase and/or subsequent inappropriate estrogen production has been demonstrated now in fish
[1, 13, 17], amphibians [3], reptiles [21], and mammals [13, 22-28]. This mechanism is consistent with
studies showing feminization of exposed animals across vertebrate classes. Furthermore, functional
consequences of endocrine disruption by atrazine have been demonstrated across vertebrate classes as
well: Male reproductive behaviors are severely impaired in fish [17], amphibians [3], and mammals [29-
30] exposed to atrazine (reptiles have not been examined in this regard). Sperm production and fertility
are severely impaired in exposed fish [17], amphibians [3], and mammals (laboratory rodents [29, 31-
33]) as well. Finally, impaired fertility and hormone dependent diseases in rodents (prostate [34-35] and
mammary cancer [22, 36-41]) and epidemiological studies linking impaired fertility [42], breast [21] and
prostate cancer [43] in humans to atrazine exposure are consistent with these experimental
observations. These reproductive effects are among many others including impaired mammary
development, delayed puberty, induced abortion, and birth defects along with non-reproductive effects
such as impaired immune function across vertebrates that are not discussed here.
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