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Letter to the Editor Regarding the Article by Paganelli et al.

The article by Paganelli et al. (Chem. Res. Toxicol. (2010), 23,
1586�1595) is seriously flawed in terms of the experimental

designs, the lack of clear descriptions of the methods used, the
interpretation of the results, and in the extrapolation of the
responses observed in the eggs of frogs and chickens to humans.
Themore egregious errors in the article are discussed below, but the
article was also lacking in details of the methods as well as rigorous
use of statistical tests, such as regression analysis of the concentration
responses.

In the first part of the study on embryos of Xenopus laevis,
exposures to the formulated product (Roundup Classic;
480 g/glyphosate IPA salt/L) at 1/3000; 1/4000; and 1/5000
dilutions were equivalent to 71,158; 88,947; and 118,596 μg a.e./L,
respectively. The concentrations are expressed as acid equivalents
(a.e.) of glyphosate for comparison to the literature. The concentra-
tions used in the exposures of embryos to the formulated product
were large, 9-, 11-, and 15-fold greater than the median, lethal
concentrations (LC50s) (7,900 μg a.e./L) for embryos of the same
species reported from the literature.1 Embryos showed a reduction in
the development of the neural crest, but no concentration�response
to the treatments was reported; data are only shown for one dilution
(1/5000) in Figures 1 and 2 and, while there was a concentration�
response in RA signaling shown in Figure 4, there was no statistically
significant difference between the untreated controls and the embryos
exposed to the 1/5000 dilution, in which developmental effects were
reported. This calls the proposed mechanism of action into question.

Given the high concentrations used and the fact that the eggs
were not protected by the naturally present jelly coat during the
exposures (not specifically described in the methods but presumed
from the Figures), these results are an artifact of the totally
unrealistic concentrations used in this part of the study and not
relevant to exposures experienced in the field. Monitoring data for
lentic or slow-moving lotic systems that constitute natural amphi-
bian habitats show very small exposures from the use of glyphosate-
based herbicides in agriculture. Concentrations range from a
maximum of 40.8 μg a.e./L2,3 in amphibian habitats to 8.7 μg a.
e./L for in streams.4 Greater concentrations have been observed in
conditions of use in forests, but these are still small. In intentional
oversprays of shallow surfacewaters, concentrations of 162μg a.e./L
were reported5 and 99th percentile concentrations of 90 μg a.e./L
(with spray buffer), 390 μg a.e./L (adjacent to spray swath), and
550 μg a.e./L in directly oversprayed wetlands.6 All of these values
aremuch smaller than the lowest concentration used in the study by
Paganelli et al. and underscore the lack of relevance of the exposures
that may occur in the field and to risk assessment for amphibians.
That exposures to concentration many times greater than lethal
values caused adverse effects is not unexpected, but the extrapolation
of this to effects in humans who are exposed to even smaller
amounts7 is irresponsible use of poor science.

That the effects of glyphosate reported in this study may have
been mediated via increased “activity” of retinoic acid is of possible
academic interest; however, the relevance of the proposed mecha-
nism must be weighed against the use of unrealistically high

concentrations, inappropriate routes of exposure, and the possible
effects of pH (see below).

In the other parts of the study, exposures were via injection
into the eggs of X. laevis and chickens. The authors reported that
effects on neural development were observed, but that effect was
most pronounced at the site of injection. Here, as in other
sections of the article, the methods are unclear; in the Experi-
mental Procedures section, it is stated that the eggs of chickens
were injected with “20 μL of 1/3500 or 1/4500 dilutions of
GBH”, but, in the Discussion (p 1590), it is stated that the
“Embryos were incubated with 1/3500 or 1/4500 dilutions of
GBH...”, suggesting emersion; which is correct?

The method of treatment was not realistic. Injection is not a
relevant route of exposure for amphibians or birds in the field, and
the data are not useful in risk assessment for amphibians, other
wildlife, or humans. Although the estimated concentrations in the
eggs were lower than that in the study on embryos (based on
volume of the egg and diffusion throughout the egg after injection),
there is no information on the movement of the injected material
from the site of injection, and the actual exposure in the treated area
is unknown. In fact, the pronounced effects only at the site of
injection suggest that the responses were to highly localized
concentrations. In addition, the effects observed after the injection
of glyphosate acid into the eggs of frogs could be explained simply by
pH.Nowhere in the article is there anymention of adjustment of the
pH of the treatment solutions or even what the pH of these
solutions was. The pKas for glyphosate acid are 5.77 ( 0.03 and
2.18( 0.02,8 and others have shown that buffering of the pH to the
normal physiological range significantly reduces responses in in vitro
assays with cells from the same species of frog.9 It is not knownwhat
the pH of the dilutions of the formulated product were, but the pH
of the commercial product is 4.9.10

The suggestion in this article that glyphosate causes terato-
genic effects in animals is not consistent with the large number of
studies that have been reviewed by regulatory agencies11�13 and
in the literature.14 The NOEL and LOEL for teratogenicity in
rabbits are 1,000,000 and 3,500,000 μg/kg/day, respectively.11

The NOEL in a three-generation reproduction study in rats was
>30,000 μg/kg/day.11 In birds, no effects on reproduction were
observed in mallard ducks or bobwhite quail after exposures to
technical glyphosate up to 1,000,000 μg/kg diet.11 Even when
eggs of chickens were treated with a concentration of 5%
formulated Roundup on days 0, 6, 12, and 18 days postlaying,
there were no effects on hatching success.15

In their discussion, the authors suggest that their observation
may explain some of the reported cases of malformations in
children born of mothers exposed to herbicides during preg-
nancy. In support of this, they quote an epidemiological study
where exposures to glyphosate were not characterized16 or are
based on anecdotal observations: “(Dr. Hugo Lucero, Universi-
dad Nacional del Nordeste, Chaco; personal communication)”.
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In fact, the case-control study in Paraguay16 only enumerated
self-reported association with pesticides (“agrot�oxicos”) in gen-
eral, and it is unclear if glyphosate was even used in the region.
The extrapolation of their findings in the eggs of frogs and
chickens to humans are not supported by epidemiology studies in
the literature,14 in general, or specifically to neural development
in humans.17

In summary, the study reported effects of glyphosate only at
unrealistically high concentrations or via unrealistic routes of
exposure. The data are inconsistent with the literature, are not
suitable or relevant for risk assessment for humans or wildlife,
and do not support the extrapolations to human health as stated
in the conclusions.

Gaston Palma

Asociaci�on Argentina de Productores en Siembra Directa
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