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Risk for autism in offspring after maternal
glyphosate exposure
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Autism spectrum disorder (ASD) is a developmental
disorder that affects communication and behavior.
Environmental factors, including exposures to synthetic chemicals (i.e., the herbicide glyphosate) during
pregnancy, might increase the risk for ASD (1). A
population-based case-control study in California
showed that the risk of ASD was associated with the
use of glyphosate (odds ratio = 1.16) as well as other
pesticides (odds ratio = 1.10 to 1.13) (2). We report
that maternal exposure to the formulated glyphosate
(0.098%) causes ASD-like behaviors in juvenile murine
offspring (3). Furthermore, exposure to formulated
glyphosate during pregnancy caused differential expression of microRNAs and antioxidant-related genes
in the brain of rodent offspring (4, 5).
Reeves and Dunn (6) point out that ASD-like behaviors after maternal exposure to formulated glyphosate might stem from other ingredients in the
formulated herbicides such as Roundup Maxload
(48% [wt/vol] glyphosate potassium salt, 52% other
ingredients including water and surfactant). Furthermore, they point out that the body weight of pregnant
mothers exposed to formulated glyphosate was lower
than that of the control group, indicating that the
mothers exhibit signs of malnutrition (6). They also
point out that a quaternary amine surfactant may affect the outcome in offspring after maternal exposure
to formulated glyphosate. Collectively, they address
the possibility that the ingredients in Roundup Maxload may contribute to ASD-like behaviors in offspring
after maternal exposure to formulated glyphosate.
In contrast, we recently reported that maternal
exposure to pure glyphosate (0.098%, Sigma-Aldrich

Co., Ltd) caused ASD-like behaviors in male juvenile
offspring (7). Body weight of pregnant mothers exposed to pure glyphosate was not different from the
control group, indicating that pure glyphosate did not
affect the body weight of pregnant mothers (7). Thus,
it is possible that the ingredients included in the
Roundup Maxload can decrease the body weight of
mothers during exposure to formulated glyphosate
(3). In addition, a recent study using pure glyphosate
showed that maternal exposure to glyphosate during
pregnancy caused neurobehavioral alterations (i.e.,
development of reflexes, motor activity, and cognitive
function) (8). Taken together, it is likely that maternal
exposure to a high dose of glyphosate without ingredients could cause behavioral abnormalities such as
ASD-like behaviors in offspring. Importantly, we know
that the rodent data do not necessarily translate to
humans. Further research is needed to identify the
molecular mechanisms of maternal glyphosate exposure in ASD etiology.
The urinary levels of glyphosate in some occupationally exposed subjects varied from 0.26 μg/L to
73.5 μg/L, and the urinary levels in environmentally
exposed subjects ranged from 0.16 μg/L to 7.6 μg/L
(9). A prospective birth cohort study showed that >90%
of pregnant women had detectable levels of glyphosate (0.1 μg/L) in the urine, and that these levels were
correlated significantly with shortened pregnancy
lengths (10). Finally, a further cohort study on measurement of blood (or urine) levels of glyphosate and its
major metabolite aminomethylphosphonic acid in
pregnant mothers who have their offspring with or without ASD is of great interest.
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