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Genotoxic Potential of Glyphosate Formulations:
Mode-of-Action Investigations
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A broad array of in vitro and in vivo assays has consistently demonstrated that glyphosate and
glyphosate-containing herbicide formulations (GCHF) are not genotoxic. Occasionally, however, related
and contradictory data are reported, including findings of mouse liver and kidney DNA adducts and
damage following intraperitoneal (ip) injection. Mode-of-action investigations were therefore undertaken
to determine the significance of these contradictory data while concurrently comparing results from
ip and oral exposures. Exposure by ip injection indeed produced marked hepatic and renal toxicity,
but oral administration did not. The results suggest that ip injection of GCHF may induce secondary
effects mediated by local toxicity rather than genotoxicity. Furthermore, these results continue to
support the conclusion that glyphosate and GCHF are not genotoxic under exposure conditions that
are relevant to animals and humans.
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INTRODUCTION

The potential genotoxicity of glyphosate has been tested in a
wide variety of in vitro and in vivo assays. No genotoxicity
was observed in standard assays conducted according to
international guidelines and Good Laboratory Practice (GLP)
Standards. These assays are described briefly in Williams et al.
(1), and the results have led to the conclusion that glyphosate
does not pose a risk for the production of heritable or somatic
mutations in humans (1–6). The original Roundup formulation
and subsequent glyphosate-containing herbicide formulations
(GCHF) have also been evaluated for genotoxic responses in
several assays. Although a number of studies conducted
according to international guidelines and GLP Standards show
that these materials are not genotoxic (1), a few other studies
have reported positive effects.
Apparent evidence of DNA adducts in the liver and kidneys
of CD-1 mice was reported (7) when a formulation that was
identified as “Roundup” (30.4% glyphosate, purchased from
Monsanto, Italy) was administered intraperitoneally (600 mg/
kg) using dimethyl sulfoxide (DMSO)/olive oil as a vehicle.
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However, no DNA adducts were observed following intraperitoneal (ip) injection of isopropylamine salts of glyphosate. In
contrast, ip injection of CD-1 mice with analytical grade
glyphosate or the same “Roundup” formulation resulted in an
increased incidence of alkali-labile sites in DNA from liver and
kidney (8). The effects reported in the latter study (8) were
observed at 300 mg/kg with glyphosate and at 900 mg/kg for
GCHF, including a dramatic increase in the number of 8-hydroxydeoxyguanine (8-OHdG) residues in DNA from liver cells
after treatment with glyphosate but not the GCHF; opposite
results were found in the kidney. All of these changes were
observed only under unrealistic exposure conditions (very high
dose levels administered by an irrelevant route of exposure for
an agricultural herbicide).
To better understand the significance of these results (7, 8),
four separate but inter-related assays were undertaken to
determine if high-dose ip administration produces toxicity that
may be responsible for the observed changes via secondary
effects, rather than direct genotoxicity, and whether a more
relevant (oral) route of exposure produces the same toxic
responses as those seen with ip administration. The first assay
was performed to understand the relevance of findings reported
by Bolognesi et al. (8) by investigating the degree of liver
and kidney toxicity that occurred under the dosing conditions
used by those investigators. Similarly, another assay was
conducted to understand the relevance of findings reported by
Peluso et al. (7); this assay also examined whether the vehicles
used in their studies (DMSO/olive oil) contributed to the hepatic

10.1021/jf072581i CCC: $40.75  2008 American Chemical Society
Published on Web 01/16/2008

This Electronic Copy of Copyrighted Material Was Made and Delivered by Monsanto Company to the International Agency for Research on Cancer
under License from Copyright Clearance Center, Inc. or a Separate License - No Further Reproduction is Permitted.

.

Case 3:16-md-02741-VC Document 2419-22 Filed 01/03/19 Page 3 of 4

.

Case 3:16-md-02741-VC Document 2419-22 Filed 01/03/19 Page 4 of 4

