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ABSTRACT
In 2015, the International Agency for Research on Cancer (IARC) published a monograph concluding there
was strong evidence for genotoxicity of glyphosate and glyphosate formulations and moderate evidence
for genotoxicity of the metabolite aminomethylphosphonic acid (AMPA). These conclusions contradicted
earlier extensive reviews supporting the lack of genotoxicity of glyphosate and glyphosate formulations.
The IARC Monograph concluded there was strong evidence of induction of oxidative stress by glyphosate, glyphosate formulations, and AMPA. The Expert Panel reviewed the genotoxicity and oxidative
stress data considered in the IARC Monograph, together with other available data not considered by
IARC. The Expert Panel defined and used a weight of evidence (WOE) approach that included ranking of
studies and endpoints by the strength of their linkage to events associated with carcinogenic mechanisms. Importantly, the Expert Panel concluded that there was sufficient information available from a very
large number of regulatory genotoxicity studies that should have been considered by IARC. The WoE
approach, the inclusion of all relevant regulatory studies, and some differences in interpretation of individual studies led to significantly different conclusions by the Expert Panel compared with the IARC
Monograph. The Expert Panel concluded that glyphosate, glyphosate formulations, and AMPA do not
pose a genotoxic hazard and the data do not support the IARC Monograph genotoxicity evaluation. With
respect to carcinogenicity classification and mechanism, the Expert Panel concluded that evidence relating to an oxidative stress mechanism of carcinogenicity was largely unconvincing and that the data profiles were not consistent with the characteristics of genotoxic carcinogens.
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Executive summary
Overall, extensive reviews of the genotoxicity of glyphosate,
aminomethylphosphonic acid (AMPA) and glyphosate based
formulations (GBFs) that were available prior to the development of the International Agency for Research on Cancer
(IARC) Glyphosate Monograph all support a conclusion that
glyphosate (and related materials) is inherently not genotoxic.
Further, evidence indicative of an oxidative stress mechanism
of carcinogenicity is largely unconvincing. The Expert Panel
concluded that there is no new, valid evidence presented in
the IARC Monograph that would provide a basis for altering
these conclusions.
The differences between the conclusions of the IARC
review and the Expert Panel review were in large part due to
IARC exclusion of numerous available studies and in some
cases differences in interpretation of study results reported in
the IARC Monograph. Another significant source of difference
was the Expert Panel’s weighting of different studies and
endpoints by the strength of their linkage to mutagenic
events associated with carcinogenic mechanisms. The Expert
Panel concluded that without critically evaluating all available
data, it is not possible to make an accurate weight of evidence (WOE) assessment.
The IARC review process does not allow for use of data
from reports that are not published or accepted for publication in the open scientific literature or data from government

reports

detailed

that

are

primary data

not

publicly

were

available.

extracted

and

However,

published

in

reviews such as Kier and Kirkland (2013), although the study
reports themselves are unpublished. The Expert Panel concluded that these data along with

regulatory studies of

GBFs and AMPA summarized in Williams et al. (2000) should
have been considered by IARC, and should be considered
by all stakeholders going forward in evaluating the genetic
toxicology of glyphosate and GBFs. A critical review of the
complete dataset by the Expert Panel supports a conclusion
that glyphosate (including GBFs and AMPA) does not pose a
genotoxic hazard and therefore, should not be considered
support for the classification of glyphosate as a genotoxic
carcinogen.
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IARC classifying glyphosate as probably carcinogenic to
humans, Group 2A. A number of published and regulatory
approval reviews of the carcinogenic and genotoxic potential
of glyphosate, AMPA and GBFs were available prior to the
development of the IARC Monograph (Health and Welfare
Canada 1991; US EPA 1993; WHO 1994; Williams et al. 2000;
European Commission 2002; Kier & Kirkland 2013; US EPA
2013). The consensus among these reviews was that proper
use of glyphosate and GBFs does not pose a genotoxic or
carcinogenic hazard/risk with hazard indicating potential for
adverse effects and risk indicating potential for adverse
effects under actual conditions and amounts of exposure. As
a result, glyphosate based herbicides have been approved for
use in over 160 countries. The recent IARC conclusion was
therefore
inconsistent
with
these
other
reviews.
Consequently,
the
Monsanto
Company commissioned
Intertek Scientific & Regulatory Consultancy to assemble a
panel of experts to conduct a thorough review in the four
areas considered by IARC including mechanistic data (focused
on genotoxicity and oxidative stress). This review section
reports the views of the Expert Panel of genetic toxicologists
on the genotoxicity of glyphosate, GBFs and AMPA and discusses how they relate to the IARC opinions. The views and
conclusions represent those of the Expert Panel of genetic
toxicologists as independent scientific consultants and neither
employees of the Monsanto Company nor attorneys reviewed
this manuscript prior to submission.
Proper methods to accurately evaluate and
interpret complex sets of genetic toxicology data

Characteristics of genetic toxicology tests and genetic
testing data sets
Due to interest in understanding the potential to produce
adverse effects, chemicals such as glyphosate, for which there
is widespread

human exposure, are typically subjected to

extensive testing for genotoxic activity. The resultant database will contain studies that encompass diverse phylogenetic boundaries, types of genetic alterations, and exposure
methods.

Some

of the

more

common

test

methods

are

often represented by multiple entries in the database. Proper
evaluation of such data sets requires an approach that is
both systematic and critical.
In large datasets, there are always likely to be some positive responses that are described as "false" or "misleading"
positives from the standpoint of predicting carcinogenicity or
relevance to carcinogenic mechanism

(Waters et al.

1988;

Mendelsohn et al. 1992; Jackson et al. 1993). False or misleading responses generally fall into one of three types:

Non-predictive

-

positive

responses

produced

by

non-carcinogenic agents. It is well documented that mis-

Introduction

leading positive responses are more frequent in certain
In

2015,

IARC

published

the

Glyphosate

Monograph

of

genotoxicity

tests

(particularly

in

in

vitro

mammalian

Volume 112 (IARC 2015) which concluded that there was

cells) due to their inherent lack of specificity (Kirkland

strong

et al. 2005; Pfuhler et al. 2011; Walmsley & Billinton

through

evidence
two

supporting
key

that "glyphosate can

characteristics

of

known

operate
human

carcinogens" including genotoxicity and induction of oxida-

2011)

and

artifacts

resulting

from

in

vitro

treatment

conditions (Halliwell 2003).

tive stress. This was viewed as providing strong support for
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Secondary response - the positive response is not associ-

weight than "indicator" assays that measure DNA dam-

ated with direct DNA-reactivity of the agent or metabo-

age. For example, for human pharmaceuticals, ICH $2

lites

indirect

(RI) (ICH 201 I) states that "fixation of damage to DNA in

consequence of high levels of cytotoxicity (Kirsch-Volders

the form of gene mutations, larger scale chromosomal

et al. 2003; Pratt & Barron 2003) or extreme treatment

damage or recombination is generally considered to be

conditions such as high osmotic conditions or significant

essential for heritable effects and in the multi-step pro-

variations in pH (Scott et al. 1991). Such responses may

cess of malignancy". The following comments are taken

not

of the

be

involve
3.

agent

relevant
effects

but

to

in

is

a

vivo

generated

by

downstream

prediction

or

because

exposures

that

they

exceed

from

the

"Overview

of

the

Set

Toxicology Test Guidelines and

of

OECD

Genetic

Updates Performed in

potential in vivo exposures.

2014-2015" (OECD 2015): "There are tests that detect pri-

Technical deficiencies - positive responses may be pro-

mary DNA damage O.e. the first in the chain of events

duced by inadequate study designs, mistakes made dur-

leading to a mutation), but not the consequences of this

ing the conduct of a test or inappropriate evaluation of

genetic damage.

data. This type includes cases where there is reason to

does not always lead to a mutation, a change that can be

question whether a positive experimental result has actu-

passed on to subsequent generations (of cells or organ-

ally been obtained.

isms). The DNA damage measured in the comet assay, or

The endpoint measured in these tests

the unscheduled DNA synthesis (UDS) test, may lead to cell
An understanding of possible actions leading to false or

death, or it may initiate DNA repair, which can return the

misleading responses with respect to carcinogenicity predic-

DNA either to its original state or result in mutation. When

tion

evaluating the mutagenic potential of a

or

carcinogenic

mechanism

must

be

incorporated

test chemical,

into the design, conduct, evaluation, and interpretation of

more weight should be given to the measurement of per-

genotoxicity assays. As a consequence, new standard test

manent DNA changes O.e. mutations) than to DNA damage

guidelines for in vitro mammalian assays published by the

events that are reversible."

Organization

for

The aggregate strength (robustness of protocols and

(OECD)

other

and

Economic Cooperation
organizations

and

indicate

Development

that

treatment

reproducibility) and quality of evidence in the cat-

conditions must be monitored for maintenance of normal

egory

physiological parameters.

acknowledged

Therefore, it is expected that a chemical as heavily tested
as glyphosate would exhibit some positive responses in its

with

also

Good

influence
that

the

studies

weight.

It

conducted

Laboratory Practice

(GLP)

is

in

generally

compliance

Regulations and

studies conducted according to OECD guidelines have

genotoxicity database that would be considered "misleading"

greater

and therefore not predictive of its true genotoxic or carcino-

These are fundamental features of the Klimisch scoring

weight

than

studies

lacking

these

attributes.

genic hazard/risk potential.

system, which is widely used to assess the reliability of
study data, particularly for regulatory purposes (Klimisch

Methods applicable to evaluation and interpretation of
complex data sets
The

universally

recommended

method

for evaluating

the

et al. 1997).
The number of pieces of evidence within a category
influences
responses

the

weight.

(positive or

A

single

negative)

(or

within

few)
a

divergent

majority of

databases of the type associated with glyphosate (including

studies exhibiting concordant findings would be insuffi-

GBFs and AMPA), involves the application of a WoE approach

cient to alter the direction and strength of the WoE. This

as discussed recently for genetic toxicology testing (US FDA

component of the overall WoE is an aggregate of the

2006; Dearfield et al. 2011). Many of the principles of the

weights of all the pieces of evidence within a single test

WoE analysis indicated here are consistent with and included

category (e.g. tests for gene mutation).

in the very recently issued endpoint specific guidance docu-

Tests with greater ability to extrapolate results to

ment of the European Chemicals Agency (ECHA 2015).

humans carry greater weight. Test responses able to

While

numerous attempts to develop a

standard

WoE

method to evaluate large, complex data sets have not found

more

accurately

predict

potential

hazard

in

humans,

such as in vivo tests, will generally be weighted more

universal acceptance, some critical performance requirements

heavily than evidence developed from tests conducted in

for WoE approaches have been identified by the US EPA

vitro or in non-mammalian models.

(Suter & Cormier 2011). One of the most important requirements is that individual test methods should be assigned a
weight that is consistent with their contribution to the overall

Human versus non-human test results

evidence, and different types of evidence or evidence catego-

Using a variety of different methods, genotoxicity test data

ries must be weighted before they are combined into a WoE.

can be derived from human populations exposed under typ-

The weight of a category of evidence used in the Expert
Panel evaluation is based on four considerations:

ical use conditions. Human population monitoring studies, if
performed with sufficient sample sizes, knowledge of exposure levels and adjusted appropriately for confounding varia-

I.

Different

categories

of evidence

(i.e.

assay

types)

bles, can offer highly relevant information. Poorly controlled

have different weights. Genotoxicity tests measuring

human biomonitoring studies, however, can lead to errone-

mutations

ous conclusions (Schmid & Speit 2007; Dusinska & Collins

and

chromosome

damage

have

greater
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2008). Adjustments that need to be considered in human biomonitoring studies for genotoxicity must extend beyond age,
gender, smoking, alcohol, tobacco use, and medicines used.
Diet, disease status (e.g. presence of inflammatory diseases),
seasonal variation, and physical stress are all important confounding factors that influence an individual’s background
level for any parameter under consideration (Moiler 2005;

(~
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overall assessment of genotoxic activity should take account
of the potential limitations.

A summary of assumptions, results, and conclusions
regarding the IARC genotoxicity evaluation of
glyphosate, GBFs, and AMPA

Battershill et al. 2008; Bonassi et al. 2011; Fenech et al. 2011;

The Expert Panel used the considerations discussed above

Tenorio et al. 2013; Collins et al. 2014). There is evidence that
different factors may have different impact depending on the
specific genotoxic endpoints (e.g. Fenech et al. 2011 for the

when assigning weights to genotoxicity endpoints and to the

cytokinesis block MN endpoint; Collins et al. 2014 for the
comet endpoint).

agreement with IARC, but also identified some major differen-

It is worth noting that there is currently considerable
debate concerning the relevance of increased levels of micronuclei in human biomonitoring studies. Speit (2013) suggested

that

micronuclei

induced

in

the

cytochalasin

ure, but rather represent DNA damage that generates micronuclei during the in vitro culturing required for the assay. As
such, this bioassay could be classified as an "indicator test" of
DNA damage with lower relevance for genotoxic risk. KirschVoiders et al. (2014), however, considered gaps in the knowledge regarding the source of micronuclei observed in human
biomonitoring studies, but considers the assay, especially
with modifications, to have utility for human genotoxic hazard/risk measurements. For the purposes of this review, the
Expert Panel adopted a conservative approach and the measin

ces between the conclusions of the two assessments.

An evaluation of IARC and expert panel
review processes

B

micronucleus assay used in human biomonitoring studies, do
not represent micronuclei that were induced during expos-

urement of micronuclei detected

responses present in the glyphosate (and related materials)
dataset. The results of this review indicate some areas of

studies of exposed

humans was assigned a high weight.
It is also possible to conduct genetic tests using human
derived cell lines or in primary lymphocyte cultures. With
respect to results from cell lines of different origin, the benefits of using human rather than rodent derived cell lines are
not as compelling as one might presume. Cell lines (human
or rodent origin) with mutations affecting how cells handle
initial DNA damage (e.g. p53 mutations) are typically more

The Expert Panel agreed that there was sufficient evidence to
conclude that glyphosate and GBFs appeared to induce DNA
strand breaks and possibly micronuclei in in vitro mammalian
and non-mammalian systems and sister chromatid exchanges
(SCEs) in in vitro mammalian systems. These results provide
some evidence of genotoxicity, but it is not possible to accurately characterize or classify genotoxic hazard/risk or carcinogenesis mechanisms based on these results alone. As noted
earlier and further stated in the OECD overview comments
(OECD 2015) regarding test weights, "When evaluating the
mutagenic potential of a test chemical, more weight should be
given to the measurement of permanent DNA changes (i.e.
mutations) than to DNA damage events that are reversible."
Consequently,

positive

responses

in

genotoxic

endpoints

identified above as "indicator tests" (i.e. DNA strand breaks,
SCEs) are evidence of compound exposure but not sufficient
to determine compound effect. In order to determine compound effect, consideration must be given to available evidence clearly demonstrating the induction of gene mutations
or stable chromosomal alterations, particularly in vivo in
mammalian systems.

susceptible to genetic damage. Consequently, human cell
lines with altered responsiveness to DNA damaging mecha-

Evidence weighting

nisms may be expected to generate results not dissimilar

Weights assigned to individual assays represent the strength

to those produced in rodent cell lines. At this time there are

of evidence assigned to an endpoint or category and may be

not enough data available to reliably determine if the use
of p53-competent cell lines of human origin (as opposed

derived from validation

to p53-competent rodent derived

to mechanisms involved with initiation of malignancy (ICH

lines) or other human

studies supporting

the endpoint’s

involvement in carcinogen prediction as well as its relevance

cells confer greater accuracy (Walmsley & Billinton 2011;

2011). In general

Fowler et al. 2014).
The most current OECD in vitro mammalian cell chromosomal aberration and micronucleus test guidelines indicate

have the highest test system weight, with a lower degree of

human and in vivo mammalian systems

weighting applied to in vitro mammalian cell systems and in
vivo non-mammalian systems and lowest weight to in vitro

that either human or rodent cell lines or primary cultures

non-mammalian systems (with the exception of the well vali-

may be used (OECD 2014a, 2014d). These guidelines also
state that: "At the present time, the available data do not allow

dated bacterial reverse mutation "Ames" tests using mamma-

firm recommendations to be made but suggest it is important,

response reproducibility or GLP compliance, may influence

when evaluating chemical hazards to consider the p53 status,

the weight of a particular study result. GLP compliance indi-

genetic (karyotype) stabifity, DNA repair capacity and origin
(rodent versus human) of the cells chosen for testing."

cates a high degree of, and standard for, detailed documen-

Thus, any in vitro mammalian cell results should be interpreted with caution, and the weight they contribute to an

lian

metabolic

activation).

Other

considerations,

such

as

tation of experimental conditions and data.
Section 4.2.1 of the IARC Monograph does not provide sufficient

information

to

its

readers

regarding

the

strategy
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employed by IARC reviewers in assessing the WoE; therefore,
it is not possible to know if, for example, studies were
assigned variable weights in accordance with the criteria discussed above. While the Expert Panel agrees that data from a
well conducted human population biomonitoring study
might carry more weight in a WoE assessment, it appears
that IARC considered in vitro studies in human cells as carrying more weight than rodent in vivo studies as evidenced by
the order of discussion topics in Section 4.2.1, and the inclusion of a separate table for human in vitro studies. The overall
IARC Monograph evaluation (Section 6.0) and rationale
(Section 6.4) indicate that the conclusion of strong evidence
of genotoxicity is based on "studies in humans in vitro and
studies in experimental animals." As discussed above, the
Expert Panel evaluation considered in vitro studies using cells
of human origin to be weighted as equivalent to any other in
vitro mammalian cell assay using the same endpoint.
There did not, however, appear to be additional weight
assigned by IARC to other criteria such as relevance of the
endpoint to neoplastic initiation, quality of study performance, in vitro versus in vivo or reproducibility of responses.
Table I summarizes the Expert Panel’s endpoint weighting
assumptions. Weights represent strength, relevance and
reliability of evidence and are based on a compilation of
information regarding the endpoint’s reversibility and susceptibility to false or misleading positive responses with respect
to carcinogenicity prediction or relevance to mechanisms
involved in initiation of malignancy (Solomon et al. 1991;
Pierotti et al. 2003; Petkov et al. 2015).
The endpoint and test system weighting categories are
defined as follows:

¯

Low weight - the end point is indicative of primary DNA
damage, is

not unequivocally linked to

¯

Moderate weight - the endpoint is potentially relevant to
tumorigenicity or may be subject to secondary, thresholddependent mechanisms of induction (e.g. cytotoxic clastogens, aneugens) or the test system exhibits a high rate of
misleading positives with respect to carcinogenicity predictivity or carcinogenic mechanism.

¯

High weight - the endpoint is one that has been demonstrated with a high level of confidence to play a critical
role in the process of tumorigenicity.

Chemical structure and chemistry of GBFs
Chemical structures of glyphosate and AMPA are presented
in Figure 1. IARC did not consider the chemical structure of
glyphosate

in

risk and

as

such

is

not given

weight as

evidence

of

its

mechanistic

section;

however,

IARC

Monograph Section 5.3 states that glyphosate is not electrophilic. Many guidelines

recommend

that the

presence

of

structural alerts be considered in evaluation of or testing for
genotoxicity (Cimino 2006; Eastmond et al. 2009; EFSA 2011;
ICH 2011). As reported in Kier and Kirkland (2013)analysis of
the glyphosate structure by DEREK software identified
structural

alerts

for

chromosomal

damage,

no

genotoxicity,

mutagenicity, or carcinogenicity. Analysis of structural alerts
for genotoxicity inherently includes consideration of potential

O

H

O

II

I

II

.o/°’o.7"’o.7 H\-_OH
OH
(Glyphos~te)

Negligible weight - the endpoint is not linked to any
adverse effect relevant to genetic or carcinogenic hazard/

mechanisms of

tumorigenicity, and the test system has low specificity.

O

II

"2".OH H\--_O.
OH
(AMPA)

Figure I. Chemical structures of glyphosate and AMPA. Glyphosate: N-(phosphonomethyl)glycine, acid form, CAS 1071-83-6; AMPA: aminomethylphosphonic
acid; CAS 1066-51-9.

genotoxicity.

Table I. Expert Panel’s evidence weighting assumptions for mammalian (plus selected microbial test) endpoints.
Endpoint*

Negligible weight

Low weight

Moderate weight

High weight

DNA binding (adduct formation) in vitro
DNA binding (adduct formation) in vivo
SSB/DSB in vitro (including comet)
SSB/DSB in vivo (including comet)
SeEs in vitro
SCEs in vivo
Oxidative DNA
Damage in vitro
Oxidative DNA
Damage in vivo (detection of 8-OHdG adducts)
DNA repair effects in vitro
DNA repair effects in vivo
Micronuclei in vitro
Micronuclei in vivo
Chromosomal aberrations in vitro
Chromosomal aberrations in vivo
Gene mutation in bacteria (Ames Test)
Gene mutation mammalian in vitro
Gene mutation in vivo
*Shaded box indicates weight for the endpoint. SSB: single strand breaks; DSB: double strand breaks; SCE: sister chromatid exchange.
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metabolites. Although formal analysis is not available, it does
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covering a range of test categories that were available for

not appear likely that the metabolite AMPA (glyphosate with-

review if the

out a carboxymethyl group) has structural alerts. While struc-

(2013) publication and other published or publicly available

tural alerts are not as definitive as experimental data, they

studies

serve as part of a WoE (Dearfield et al. 2011). The lack of

included in the IARC Monograph, only nine were reported as

had

regulatory studies in the
been

included.

Among

Kier and

the

90

Kirkland

studies

not

structural alerts in the glyphosate molecular structure sug-

positive. Inclusion of these studies in a WoE produces a much

gests lack of genotoxicity or that genotoxic effects might well

clearer, more reliable and balanced assessment of the geno-

be secondary to toxicity or resulting from mechanisms other

toxicity of glyphosate, GBFs and AMPA.
The rationale supporting the inclusion of these 90 add-

than DNA-reactivity.
Another aspect of chemistry that should be recognized is

itional studies is that the supplementary tables presented in

the fact that GBFs, while containing glyphosate (often present

the

as a sodium or potassium salt) also contain other compo-

Supplemental Information, Appendix A of this publication, do

nents which frequently include surfactants. Specific formula-

contain

tions differ in composition and differences may exist between

studies. For the regulatory studies, which were the key stud-

GBFs

identified

with a

common

brand

name.

Frequently,

GBFs are observed to have greater toxicities than glyphosate.

Kier

and

Kirkland

(2013)

paper,

and

presented

sufficient detail concerning the robustness of the

ies not reviewed by IARC, the Kier and Kirkland (2013) paper
clearly states:

Evaluation of genotoxicity results for glyphosate and GBFs

Each

should always consider the possibility that effects observed

accordance with GLP standards with almost all studies citing the

with GBFs may be due to GBF components other than gly-

OECD Principles of Good Laboratory Practice (OECD GLP 1982,

phosate and that there may be chemical differences between

in

study examined

was stated to have been conducted

in

1997). Reports also cited compliance with various national and
regional GLP Guidelines (e.g. European Commission GLP Directives

various GBFs.

87/18/EEC or 88/320/EEC; U.S. Environmental Protection Agency
GLP Standards, 40 CFR Part 160; Japanese Ministry of Agriculture,
Forestry, and

Fisheries

(MAFF) GLP Standards,

11

Nousan

No.

The case for including other published results in the
IARC genotoxicity evaluation

6283).

Although

Almost all of the studies were reported to have been conducted

IARC

policies

and

Working

Group

decisions

studies or publicly unavailable governmental reports, it was
Expert

from

GLPs

were

considered

not

to

have

significantly impacted the study results.

excluded consideration of additional data from unpublished

the

Variations

Panel’s conclusion that the genetic toxicology

in accordance with the relevant OECD test guidelines applicable
at

the

time

report

were

studies published in reviews such as Kier and Kirkland (2013),

deviations

in particular the supplementary primary data submitted with

examined

the paper, should have been considered by IARC in evaluat-

of the

study.

Study

reports

were

examined

to

determine that the protocols and experimental methods for the
consistent

were

with

noted

to confirm

the

and

the

OECD

considered.

conclusion

guidelines
Report

of the

and

data

report

any
were

regarding

whether treatment-related activity had been observed.

ing the genetic toxicology of glyphosate and GBFs. Though

Thus, the methods used were generally as specified in

the primary study reports from which the data were extracted

OECD guidelines, or any deviations were noted. Moreover,

were not available to IARC, detailed data were provided in

the studies were

the Kier and Kirkland (2013) review and exceed the weight of

would ensure protocol compliance and high quality data. The

performed

under GLP conditions, which

data in most published reports that were considered by IARC.

key aspects of each test method were detailed in the first

Regulatory

few pages of the supplementary material in Kier and Kirkland

studies

of

GBFs

and

AMPA

summarized

in

Williams et al. (2000) should also have been considered and

(2013) so it is easy to see how top concentrations were

information on these studies is presented in Appendices A

chosen, what measures of cytotoxicity were used, how many

and B.

cells were scored etc. Links to the guidelines were provided.

Inclusion of the studies in these publications would have

The rationale given by IARC for not including the regula-

filled data gaps, supplemented study categories for which

tory studies in Kier and Kirkland (2013) was that the primary

there were limited

study reports were not available, and that the information

numbers of test responses and would

have added a very high level of confirmation to other core

provided in the supplementary tables was insufficient regard-

assay results. Table 2 summarizes an additional 90 studies

ing topics such as details of statistical methods, choice of

Table 2. Summary of test categories, number of studies, and study responses available from Kier and Kirkland (2013) and other publically available studies not
included in the IARC Monograph (details for all studies provided in Supplemental Information, Appendix A).
Endpoint

Glyphosate (Pos/Neg)

GBFs (Pos/Neg)

AMPA (Pos/Neg)

Total (Pos/Neg)

Gene mutation
Gene mutation
Chromosomal aberrations

0/19
0/2
1/5

0/20
ND
1/0

0/1
ND
ND

0/40
0/2
2/5

Micronucleus
U DS

2/0~
0/1

1/0
ND

ND
0/1

3/0
0/2

ND
0/1
0/13~

1/0
2/0~
0/17

ND
ND
0/1

1/0
2/1
0/31

ND
3/41

1/0
6/37

ND
0/3

1/0
9/81

Test category
Non-mammalian (Bacterial Reverse Mutation)
Mammalian In Vitro

Mammalian In Vivo

SCE
Chromosomal aberrations
Micronucleus
SCE

Total

~Inconclusive studies not included in count; AMPA: aminomethylphosphonic acid; GBFs: glyphosate based formulations; ND: not done.
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highest dose tested, and

verification of the target tissue

exposure.

glyphosate in

rodents is also contained in a summary of

regulatory toxicokinetic studies (JMPR 2006). These studies

This rationale for exclusion is unjustified for the following
reasons.

demonstrated absorption of glyphosate and systemic distribution, including distribution in bone marrow, in rats dosed

For bacterial reverse mutation assays the concentrations

intraperitoneally or orally. Published reports have also indi-

tested were detailed in every table, as were critical aspects of

cated

the methods (e.g. plate incorporation or pre-incubation for

administered by the intravenous (i.v.) or oral route in rats

the Ames tests, inducing agent for the $9 and its final con-

(Brewster et al. 1991; Anadon et al. 2009) and by the oral

centration, and number of replicate cultures). Thus, it is clear

(dietary) route in mice (Chan & Mahler 1992). Thus, in the

absorption

and

systemic

distribution

of glyphosate

what top concentrations were used, whether they complied

regulatory rodent in vivo MN and chromosomal aberration

with the maximum concentration/dose as recommended in

tests, target organ exposure would have been achieved.

OECD guidelines, or whether they were defined by toxicity.

If statistical analysis was performed (not commonly per-

Almost all of the many Ames tests on glyphosate used a

formed or required for Ames tests) this is given as a footnote

top concentration of the maximum required, 5000~g/plate

to the supplementary tables (Kier & Kirkland 2013, supple-

unless contraindicated by toxicity. All of the required strains,

mentary tables; Appendix B, this report), together with the

including either TA102 or Escherichia coli, have been used in

statistical

the regulatory studies included in Kier and Kirkland (2013).

significant.

method

used,

and

whether

the

results

were

The Ames tests on GBFs used quite variable top concentra-

Thus, in view of the Expert Panel, the exclusion of these

tions. Some went as high as the maximum required (5000 pg/

studies was not justified. Failure to evaluate and consider the

plate) but others only reached <:100 pg/plate, seemingly lim-

large number of results included in the publication by Kier

ited by toxicity. Since we know glyphosate per se is not very

and Kirkland (2013) as well as other publicly available studies

toxic in the bacterial tests, the toxicity is presumably caused

not reviewed by IARC, resulted in an inaccurate assessment

by the other components of the formulations, which were

of

more toxic in some GBFs than in others.

potential.

The

mammalian

cell

assays

on

reached top concentrations in the

glyphosate

studies exceeded 10 mM (1690 pg/mL for glyphosate), the top
concentration currently recommended in OECD guidelines for
nontoxic substances. There were no regulatory mammalian
cell tests on GBFs.
All except one of the regulatory in vivo micronucleus (MN)
tests on glyphosate that used oral dosing achieved a top
dose of at least 2000 mg/kg, which is the top dose for a nontoxic substance recommended in OECD guidelines. One oral

because

top

dose

severe toxicity and

of only

30mg/kg,

lethality was

seen

seemingly
at

higher

doses. It is unclear why such lethal effects were seen in this
study when much higher doses were tolerated in other studies using the same acute dosing regimen. Several studies
using

intraperitoneal

(i.p.)

and

AMPA’s

genotoxic

hazard/risk

generally

the chromosomal aberration studies. Thus, many of these

a

GBFs

range 500-5000pg/mL,

even when prolonged (48 h) treatments were performed in

study achieved

glyphosate,

injection

had

lower top

doses

because of greater toxicity when using the intraperitoneal
route. Thus, all of the regulatory MN studies on glyphosate

Expert panel’s critique of selected studies: impact
on IARC evaluation
Genetic

toxicology

tests

relied

upon

by

most

regulatory

bodies to support decisions focus on a set of core endpoints
that are known to be involved either in direct activation of
genes responsible for neoplastic initiation in somatic cells or
alteration of the genetic information

in

germ

cells (EFSA

2011; ICH 2011; Kirkland et al. 2011). Therefore, the endpoints
given the greatest weight in Table 1 include gene mutation
and chromosomal aberrations.
MN formation in vivo was also assigned a high weight
(Table 1), as it is considered an indication of chromosome
breakage

but

could

also

result

from

aneuploidy

(Kirsch-

Voiders et al. 2003). However, aneugenic effects are usually
thresholded (Parry et al. 1994). For instance, MN

may be

induced by alterations in normal mitosis produced by various
kinases. It was demonstrated that GBFs activate mitotic kinase
CDK-1 (Marc et al. 2002) which could possibly play a role in

met or exceeded the required top dose.
The in vivo bone marrow MN and chromosomal aberration
regulatory studies of Kier and Kirkland (2013) generally did
not report evidence of target organ toxicity (e.g. %PCE, which

MN induction through a separate mechanism believed to be
threshold based (Terasawa et al. 2014). Although a thresholded mechanism may be considered of less weight than a

measure of bone marrow toxicity) or include

non-thresholded mechanism, most in vivo MN studies did not

analyses to demonstrate presence of glyphosate in plasma.

investigate this. In the absence of information on clastogenic

Therefore,

or aneugenic mode of action, the panel considered that a

would be a

exposed

the

issue

of

whether

needs verification

the

bone

marrow

was

by evidence other than target

high weight should be applied to all in vivo MN studies.

organ toxicity.
The IARC Monograph states that about 1/3 of glyphosate
administered

orally to

rodents

is absorbed

and

Human genotoxicity biomonitoring studies

excreted,

largely unchanged, in urine. This provides evidence that it is

The results provided for GBFs in Table 4.1 (human studies) of

likely

the IARC Monograph concluded positive evidence of DNA

that

the

bone

marrow,

a

well-perfused

tissue,

is

exposed to glyphosate in rodents treated orally. Definitive

breakage as determined

evidence

comet assay Paz-y-Mi~o et al. (2007), negative induction of

of

absorption

and

systemic

distribution

of

by

results in

humans

using

the
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Micronuclei in individuals with Self-Reported
Exposures to the Glyphosate Spray

tive induction of MN (Bolognesi et al. 2009). Due to the
importance of these studies in the IARC review, these papers
were critically reviewed by the Expert Panel as described in
detail below.
Paz-y-Mi~o et al. (2007) reported increased DNA damage
(comet assay) in individuals recently exposed to GBF spraying,
but only "suggested" this implied a genotoxic risk. The comet
assay, as discussed earlier is an "indicator" endpoint and primary DNA damage does not accumulate, so the consequences of the observed

DNA breaks

remain

unknown

(Faust

et al. 2004).
The Expert Panel review of this study identified a number
of issues that questioned the validity of the interpretation of
~o exposure

Sp~ay in air

results. For example, it is not clear which blood cells were
scored for comets, or if it was all cells in the blood. Also, the
observation of a median comet tail length of exactly 25.0 pm
for 20/21

unexposed control individuals in this publication

questions the quality of data collection. This unusual observation was not noted in the IARC Monograph. The Paz-y-Mi6o

Spray ~n

I~nte~ed sprayed

Any

skin

field

expo~Llre

Exposure scenario a~er spray
Figure 2. Mean frequency of binucleated cells with micronuclei (BNMN) in selfreported exposures to glyphosate spray in areas where aerial application
occurred. From Bolognesi et al. (2009); Table 4. Data from Valle del Cauca not
shown in graph since only one individual reported exposure. Graph provided by
K. Solomon.

et al. (2007) publication indicated that signs of clinical toxicity
were reported in the population and that the GBF application
rate was reported to be some 20 times higher than recom-

different categories of self-reported spray exposure and there

mended. The clinical signs were consistent with acute intoxi-

was no statistically significant difference (p < .05) between no

cation associated with severe exposures (Menkes et al. 1991)

exposure and any self-reported spray exposure for any of the

and these factors suggest that comet effects might have

three regions. The Valle del Cauca region, which exhibited

been secondary to toxicity from very high exposure to GBF.

the highest post-spraying increase, only had

The Paz-y-Mi6o et al. (2007) report seems to qualify the con-

self-reporting spray exposure and the GBF spray application

1/26 persons

clusiveness of the results by indicating that the results "sug-

rate was substantially lower than the application rates in the

gest" a genotoxic effect. Due to uncertainties regarding the

other two regions.

negative control data, and particularly because of uncertainties regarding the mechanistic role of cytotoxicity in generat-

Although

results

were

temporally consistent

with

GBF

spraying, the lack of significant correlation between increased

ing the effects the Panel regarded this study as inconclusive

post-spraying

evidence for in vivo

exposure, and inconsistency with application rates, indicate

human genotoxic effects relevant to

induction of mutations or carcinogenesis.

BNMN

frequencies

and

self-reported

spray

that the MN effects observed in this study cannot be associ-

In a follow-up study, Paz-y-Mi6o et al. (2011) reported

ated with GBF exposure (Figure 2) and therefore the Expert

negative results for induction of chromosomal changes in

Panel concluded the results to be negative. The panel agrees

individuals from areas where GBF spraying had occurred two

with

years previously. The absence of chromosomal aberrations

Bolognesi et al. (2009) that based on the Bradford Hill criteria

supports the presumption that the DNA strand breaks identi-

(Hill 1965) it is not possible to assign causality to the BNMN

the

statement

made

in

the

discussion

section

of

fied in the Paz-y-Mi6o et al. (2007) study were either repaired

increases observed in their study and notes that elsewhere in

or lethal

this publication the authors seemed to qualify their conclu-

and

did

not

persist as

lesions which

could

be

expressed as chromosomal aberrations in cultured lympho-

sions with terms like "suggest" and "potentially". Lack of clear

cytes in the follow-up study.

evidence of causality indicates that it is inappropriate to con-

Bolognesi et al. (2009) reported a significant but small,

clude that GBF induces MN in humans. The Bolognesi et al.

transient and inconsistent effect of glyphosate spraying on

(2009) results were considered negative by the Expert Panel

MN induction in individuals living in areas where aerial spray

because there were no statistically significant increases in MN

application of glyphosate occurred

Bolognesi

frequency associated with self-reported spray exposure. This

et al. 2009), but concluded that any risk was "low". Of greater

conclusion is subject to the limitation of the use of self-

importance however, is the observation that no statistically

reporting as a measure of exposure.

significant

increase

in

the

(Figure

frequency

of

1

in

micronucleated

The Expert Panel conclusion for the Bolognesi et al. (2009)

binucleated cells (BNMN) was observed in individuals that

results seems to be quite different from the IARC Monograph.

actually reported direct exposure to the spray compared to

The qualifications about lack of consistency with exposure

individuals who lived in the spray area but were not present

rates or statistically significant association with self-reported

during spraying (Bolognesi et al. 2009, Table 4). These results

spray exposure are noted in the discussion of this study in

by K.

IARC Monograph Section 4.2.1(a)(i). However, these qualifica-

Solomon). As indicated in Table 4 of Bolognesi et al. (2009),

tions are not evident in IARC Monograph Section 5.4 which

are shown graphically in

statistical analysis did
(p<.05, ANOVA)

in

Figure 2 (graph

not indicate a
post-spray

BNMN

provided

significant difference
frequency

between

presents these results as positive without qualification. IARC
Monograph

Section

6.4

not only

presents

the

results

as
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positive without qualification but seems to give this study a

aberration study with AMPA were reported by IARC. The lat-

high weight in arriving at their conclusion of a genotoxic

ter study by Sivikova and Dianovsky (2006), reported as a

mode of action.

GBF study in IARC, is considered to be a study of a manufac-

Due to the deficiencies cited in the biomonitoring studies

turing

batch

of an

isopropyl

salt

of glyphosate

from

a

above, along with the lack of scientific consensus regarding

Monsanto source (Kier & Kirkland 2013). An additional posi-

the relevance of MN found in exposed humans, the Expert

tive in vitro mammalian chromosomal aberration study was

Panel concluded that there was little or no reliable evidence

not considered by IARC (Amer et al. 2006; see Supplemental

produced in these studies that would support a conclusion

Information, Appendix A, Table 2 of this paper). The positive

that GBFs, at levels experienced across a broad range of end-

GBF study tested an unusual GBF and employed very high

user exposures, poses any human genotoxic hazard/risk.

dose levels. These single studies do not provide a strong
WoE for induction of chromosomal aberrations for GBFs or
AMPA in mammalian cells in vitro.

Studies in mammalian in vitro and in viva assays
The number of studies conducted in mammalian models
both in vitro and in vivo was relatively extensive but with
some notable data deficiencies and gaps. However, looking
for evidence consistent with a concern for genotoxic hazard
finds little or no compelling support among test methods
that assess relevant endpoints.

IARC reported two positive in vitro mammalian cell MN
studies

of glyphosate.

However,

another four

positive

or

equivocal in vitro mammalian cell MN studies of glyphosate
were identified in the literature that were not reported in
IARC

but

were

summarized

in

Kier

and

Kirkland

(2013).

Several of the studies had weak or inconsistent responses.
Piesova (2004, 2005), not in IARC, reported statistically significant increases in MN in bovine lymphocytes only with 48-h
incubation without $9 metabolic activation but the responses

Gene mutation
IARC noted one negative in vitro mammalian gene mutation
result for
glyphosate
(IARC
Monograph
Table
4.4).
Additionally there are two negative results for glyphosate in
the mouse lymphoma tk locus assay (Kier & Kirkland 2013).
These provide a clear WoE that glyphosate does not
induce gene mutation in mammalian cell systems. There are
no in vitro mammalian cell gene mutation results for GBFs
or AMPA.

were not consistent between donors. Two papers by Mladinic
et al. (2009a, 2009b) reported weak responses in human lymphocytes at the highest dose tested in the presence of $9
metabolic activation. MN results for Mladinic et al. (2009a)
were not reported in IARC. One of these studies (Mladinic
et al. 2009a) had a very high control MN frequency and in
both publications it appears that cells were treated prior to
mitogen stimulation which would

mean cells would

have

been exposed in GO cell stage. This treatment regimen is not
considered appropriate according to current test guidelines.
The MN induced at high doses were predominantly centro-

Chromosomal effects in vitro

mere

positive

suggesting

the

possibility of an

aneugenic

effect. These responses were considered of limited quality by

In in vitro mammalian cell chromosomal aberration assays
(IARC Monograph Tables 4.2 and 4.4) glyphosate was

dose effects might have been at a dose level exceeding a

reported positive in one study and negative in two other

threshold and possibly associated with high toxicity. Koller

IARC and the publication authors indicated that the high

studies. Regulatory studies and published studies, not considered by IARC, provide one additional positive result and five
additional negative results (see Supplemental Information,
Appendix A, Table 2 of this paper). One of the positive stud-

et al. (2012), MN results not evaluated by IARC, reported posi-

ies (Lioi et al. 1998a) is not considered valid due to the fact
that there was excessive cytotoxicity (>50% reductions in
mitotic index at all concentrations tested, exceeding current

cytotoxicity at very low dose levels (20 pg/mL) and with very

regulatory guidelines for a valid assay). Several of the published studies did not include exogenous mammalian meta-

of the hematopoietic system such as lymphocytes, a large

bolic activation. Most importantly, the negative studies tested
glyphosate at dose levels well in excess of those reported

much higher doses and longer exposure times. A study by

positive by Lioi et al. (1998a, 1998b) and included several
human and bovine lymphocyte studies. In addition to the

CHO-K1

negative chromosomal aberration assays the two negative

magnitude of concentrations (10-100 pg/mL). Thus, although

results in the mouse lymphoma tk locus assay also add
weight to a conclusion that glyphosate is not clastogenic in

glyphosate in several studies these responses were not con-

in vitro mammalian cell assays. Overall these results provide
sufficient evidence that glyphosate is not clastogenic in mammalian cells when studied under appropriate in vitro treatment conditions.
No in vitro mammalian chromosomal aberration studies of
GBFs and one positive in vitro mammalian chromosomal

tive in vitro MN results in human-derived buccal epithelial
cells for glyphosate in the absence of $9 metabolic activation.
An unusual feature of this paper was indication of significant

short exposure times (20min). Although the authors speculated their epithelial cells might be more sensitive than cells

number of other studies using non-hematopoietic cells used

Roustan et al. (2014) reported increases in MN frequency in
cells only in the presence of $9 activation. There

was very little dose response observed over an order of

positive (or equivocally positive) responses were observed for
sistent in terms of dose levels or requirement for an $9 metabolic

activation

system.

The

possibility

of

a

threshold

aneugenic effect in the presence of $9 metabolic activation
might be suggested by the results of Mladinic et al. (2009a,
2009b)
because

but

other

presence

studies
or

cannot

absence

of

confirm

this

centromeres

possibility
was

not
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measured. It should be noted that there is a report that gly-

studies (discussed above) indicating glyphosate is not clasto-

phosate is essentially unchanged by incubation with rat liver

genic when tested in mammalian assays.

homogenate which would indicate that $9 activation depend-

IARC reported two positive results and one negative result

ent responses might not be due to metabolites of glyphosate

for glyphosate in in vivo MN assays. In one of the positive

(Gohre et al. 1987).

studies reported by IARC (Bolognesi et al. 1997), relatively

Overall these studies provide only very limited evidence of
the possibility of MN

induction

by glyphosate in in vitro

low increases in MN frequency were observed which might
well

be within

the

historical

range

of many

laboratories

mammalian cell assays and this observation, coupled with the

(Salamone

negative profile for clastogenicity in in vitro mammalian cell

(Manas et al. 2009a) had an unusual feature in that it is

assays, would suggest this low possibility is limited to aneu-

reported that erythrocytes were scored for MN, but in the

genic effects that are likely to be indirect and thresholded.

&

Mavournin

1994).

The

other

positive

study

bone marrow and at an early sampling time. Historical con-

Although IARC reports one negative in vitro mammalian

trol data were not reported in the publication so the rele-

cell assay with a GBF (Sivikova & Dianovsky 2006), as noted

vance of this result cannot be determined. By contrast, there

above this assay is likely to have been performed with a tech-

are an additional 13 published, publicly available or regula-

nical glyphosate preparation rather than a formulation. Koller

tory in vivo MN studies with glyphosate in the mouse (12

et al. (2012) report a positive in vitro MN result for a GBF

studies) or rat (one study), all of which gave negative results

(result not included in IARC) in buccal epithelial cells derived

(see Supplemental Information, Appendix A, Table 3 of this

from a human-neck metastatic tumor. The authors noted that

paper). These negative results were obtained in multiple stud-

these cells have not been used for genotoxicity assessments

ies at dose

and the Expert Panel considered the results in this non-vali-

results had been reported in the IARC reviewed studies men-

dated system to be of unknown relevance. IARC reported one

tioned above using the same (i.p.) route of administration.

positive result for AMPA in an in vitro mammalian cell MN

With respect to a route of exposure, the negative MN results

levels that exceeded those at which

positive

assay in CHO-K1 cells (Roustan et al. 2014). An unusual fea-

in a glyphosate mouse feeding study (Chan & Mahler 1992)

ture of the Roustan et al. (2014) study was that AMPA appar-

that was not reported in IARC are of particular relevance to

ently exhibited

higher cytotoxicity than glyphosate.

carcinogenic potential. The Expert Panel’s conclusion is that

Although complete cytotoxicity data are not presented, the

much

there is a strong WoE that glyphosate does not induce MN in

maximum AMPA concentrations evaluated for MN, appearing

vivo in mammals.

to produce less than 50% reduction in cytokinesis blocked
proliferation

index, were

1000-fold

lower than glyphosate

IARC reported one positive and one negative rodent bone
marrow chromosomal aberration

study for GBFs. An add-

concentrations in the absence of $9 metabolic activation, 20-

itional two published positive rodent chromosomal aberration

fold lower in the presence of $9 metabolic activation and

studies on GBFs were identified that were not reported in

100,000-fold

lower with

light activation. These very

large

IARC. One mouse study with positive results (Prasad et al.

cytotoxicity differences are dramatically different from the

2009) employed sampling times for a chromosomal aberra-

relative toxicities of AMPA and glyphosate observed in other

tion assay quite different from those currently recommended

mammalian cell studies, e.g. Chaufan et al. (2014); Manas

(OECD 2014c). Moreover, the GBF was administered i.p. using

et al. (2009a, 2009b); Li et al. (2013); Kwiatkowska et al.

dimethylsulfoxide (DMSO) as a vehicle and the use of this

(2014). These individual studies, particularly the Roustan et al.

vehicle and route has unusual toxicity properties (Heydens

(2014) study, appear to exhibit technical problems and do

et al.

not present a convincing WoE for in vitro mammalian cell MN

responsive

effects of GBFs or AMPA.

times, which is difficult to explain since cells damaged at

2008). This

assay

increases

were

was

also

unusual

observed

at

in

that

multiple

dose-

sampling

early sampling times have usually died and disappeared from
the bone marrow by later sampling times. Another positive

Chromosomal effects in viva

publication (Amer et al. 2006), not reported in IARC, found

As a general point, it was noted earlier that there is adequate

positive chromosomal aberration results in mouse bone mar-

evidence

row

available

from

toxicology

studies

demonstrating

and

spermatocytes

with

treatments

that

included

absorption and distribution of glyphosate to bone marrow in

repeated oral and i.p. dosing. The test material was reported

the rat (i.p., i.v., and oral routes) and absorption and distribu-

to be a formulation containing 84% glyphosate which is very

tion of glyphosate in blood by the oral route in the mouse.

unusual and raises the possibility that observed effects were

This information provides evidence for target organ exposure

due to some unusual or unique component of this formula-

in the rodent bone marrow studies discussed below, which is

tion. Another published positive GBF study (Helal & Moussa
2005) uniquely involved rabbits exposed to GBF (750 ppm) in

particularly important when negative results are obtained.
Table 4.3 in the IARC Monograph reported one negative in

drinking water for 60 days. Using extended repeat dosing for

vivo rat bone marrow chromosomal aberration result and one

a bone marrow chromosomal aberration assay is questionable

negative mouse dominant lethal result for glyphosate. In add-

because cells with chromosome breaks usually do not accu-

ition there is one negative regulatory in vivo mouse bone

mulate and any cytogenetic effects would likely be due to

marrow chromosomal

not

the final one or two doses. Total aberrations reported for this

Supplemental

study included some nonstandard and questionable catego-

evaluated

by

IARC

aberration
(Suresh

Information, Appendix A, Table

study of glyphosate
1994;

see

3). These

studies

provide

in vivo evidence complementing the larger number of in vitro

ries such as gaps and centromeric attenuations. Thus, most of
the

positive in

vivo chromosomal

aberration

studies with
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GBF’s are all subject to concerns regarding the reliability or

OECD guideline for the SCE test has recently been deleted

biological

because of a

relevance of the

results. While they cannot be

lack of understanding

of the

mechanism(s)

ignored, they do not warrant undue weight, and do not sup-

detected

port a conclusion of strong evidence of genotoxicity.

unclear, and these studies have not been further considered

IARC reported two positive and three negative in vivo

by the test, the

biological

relevance

of SCE

is

by the Expert Panel for a WoE evaluation.

rodent bone marrow MN results for GBFs. One of the two

One negative primary hepatocyte UDS result is reported

positive studies (Bolognesi et al. 1997) had low negative con-

by IARC for glyphosate, but there are also negative primary

trol

hepatocyte UDS results for glyphosate and AMPA (one each)

MN

frequencies

and

the

MN

frequencies

in

treated

groups were within historical control ranges for many labora-

not reported by IARC.

tories (Salamone & Mavournin 1994) although historical control

ranges

for the

laboratory were

not

reported

in

the

publication. The other positive study (Prasad et al. 2009) was
unusual in using DMSO as a vehicle by the i.p. route which,
as noted above, may have led to unusual toxicity. However,
there are an additional 17 rodent bone marrow studies with
GBFs that were not considered by IARC, and all were negative
(see Supplemental Information, Appendix A, Table 3 of this
paper). The negative studies included use of both oral and

DNA damoge/odducts in vivo
One in vivo mammalian DNA damage and one in vivo mammalian DNA adduct study of glyphosate were reported by
IARC. No additional regulatory or published studies were
identified.

Results

for

8-hydroxydeoxyguanosine

(8-OHdG)

measurements are considered in the oxidative stress section

overwhelming

(Section IIIB).
Bolognesi et al. (1997) reported transient (4h after dosing)

majority of in vivo MN studies on GBFs, therefore, gave nega-

increases in alkali-labile DNA strand breaks in liver and kid-

i.p. routes and maximum dose levels frequently were limit
doses

of

2000mg/kg

(OECD

2014b).

The

tive results. In the studies reported positive, there are indica-

neys of mice treated i.p. with glyphosate. Interpretation of

tions that the results may not be biologically meaningful, or

the genotoxic significance of these observations is difficult

that artifacts may have resulted from use of DMSO as vehicle.

because such effects might be due to arrest of cells in

For AMPA, IARC reported one positive mouse bone mar-

S-phase or secondary to cytotoxicity (Williams et al. 2000).

row MN study. There was one negative regulatory mouse

Peluso et al. (1998) reported no induction of adducts in

bone marrow MN study of AMPA not reported in IARC. Both

mouse liver or kidney detectable by 32p-postlabelling meth-

studies used the i.p. route. The positive study used a top
dose of 200 mg/kg administered on two occasions, 24 h apart.

odology after i.p. administration of glyphosate.
There is one positive in vivo SCE report for a GBF by Amer

The negative study used a single top dose of 1000mg/kg

et al. (2006) which was not evaluated by IARC. For reasons of

which produced signs of toxicity. There is no obvious explan-

relevancy noted above, this study has not been further con-

ation for these conflicting results and the limited data do not
allow reasonable WoE conclusions for AMPA in terms of the

sidered by the Expert Panel in a WoE evaluation.
One in vivo mammalian DNA damage and one in vivo

in vivo MN endpoint.

mammalian DNA adduct studies of GBFs were reported by

DNA domage in vitro

identified.
Bolognesi et al. (1997) reported transient (4h after dosing)

As noted above, the Expert Panel is in agreement with IARC

increases in alkali-labile DNA strand breaks in liver and kid-

IARC. No additional regulatory or published studies were

reviewers that there are several in vitro mammalian cell studies

neys of mice treated i.p. with a GBF. Similar conclusions

of glyphosate which show DNA strand break effects (more

about interpretation of these results apply as for the glypho-

specifically the alkaline single cell gel electrophoresis or comet

sate results by the same authors discussed above. Peluso
et al. (1998) observed 32p-postlabelling adducts in liver and

endpoint). However, as also noted above, these studies should
be assigned low weights compared to other more relevant
endpoints in evaluating genotoxic risk, particularly when the
results for relevant endpoints are more abundant. An assumption that the DNA damage observed in vitro might be secondary

to

toxicity

rather

than

leading

persistent genotoxicity is underscored
same

publication

reports

DNA

to

DNA-reactive

or

by cases where the

damage

effects

but

not

chromosomal alterations, e.g. Sivikova and Dianovsky (2006);
Manas et al. (2009a); Mladinic et al. (2009a) without metabolic
activation. Other publications reported both DNA damage and
chromosomal effects, e.g. Lioi et al. (1998a); Koller et al. (2012).

kidneys of mice dosed with a GBF. The source or identity of
the adducts were not characterized although such adducts
were

not observed

in

studies

with

glyphosate

in

their

publication.
No in vivo mammalian DNA damage studies of AMPA
were reported in IARC or identified.
The paucity of data as well as the limited significance of
the primary DNA damage endpoints on tumor initiation did
not warrant that these observations should have a significant
WoE impact.

For GBFs there are only two positive in vitro mammalian
cell comet results reported by IARC. These provide limited
evidence for GBF-induced

DNA damage effects in vitro in

Weight of evidence (WOE) for genotoxic effects in
mammalion systems

mammalian cells.
There are a few

positive in

vitro

mammalian

cell

SCE

reports for glyphosate and GBFs reported in IARC. Since the

In summary, the WoE from in vitro and in vivo mammalian
tests for genotoxicity indicates that:
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one or both strain/S9 responses would be in error. The study

are no in vitro mammalian cell gene mutation data for

data shown in Table 2 of the Rank et al. (1993) publication

GBFs or AMPA, and no gene mutation data in vivo.

indicates that the positive responses reported for TA98 and

Glyphosate, GBFs, and AMPA are not clastogenic in vitro.

TA100 were neither dose related nor were they reproduced

Glyphosate is also not clastogenic in vivo. Some positive in

in repeat data sets. The authors called the results indicative

vivo chromosomal aberration studies with GBFs are all sub-

of gene mutation capabilities for a GBF; however, the data

ject to concerns regarding their reliability or biological

should

relevance.

additional testing over a narrower range of doses and as they

There is limited evidence that glyphosate induces MN in

currently stand, do

vitro. Although this could be a reflection of increased stat-

declaring Ames test results positive. The data from this one

not meet commonly used

criteria

for

istical power in the in vitro MN studies, the absence of

publication are not in agreement with 19 bacterial reverse
mutation

somal studies suggests the possibility of threshold-medi-

Information, Appendix A, Table 1 that were not included in

ated aneugenic effects. However, there is strong evidence

the IARC Monograph. The Expert Panel considered the results

that glyphosate does not induce MN in vivo.

of this study to be inconclusive.

assays

of

GBFs

presented

in

Supplemental

Limited studies and potential technical problems do not

A large number (20) of negative bacterial reverse mutation

present convincing evidence that GBFs or AMPA induce

assays of GBFs are presented in Supplemental Information,

MN in vitro. The overwhelming majority of in vivo MN

Appendix A, Table 1. None of these were included in the

studies on GBFs gave negative results, but conflicting and

IARC Monograph. There is also one negative regulatory study

limited data do not allow a conclusion on in vivo induction

of AMPA.
In contrast to the two bacterial reverse studies considered

There is evidence that glyphosate and GBFs can induce

in the IARC Monograph there are actually abundant data

DNA strand breaks in vitro, but these might be secondary

from

to toxicity since they did not lead to chromosome breaks.

Appendix A, Table 1) that glyphosate and GBFs are negative

40

additional

studies

(Supplemental

Information,

There is limited evidence of transient DNA strand breakage

in the one genetic test for gene mutation considered overall

for glyphosate and GBFs in vivo, but for glyphosate at least

to

these are not associated with DNA adducts. These results

carcinogenesis.

relevant

endpoints,

which

were

in

any

case

more

abundant.

¯

never have been accepted for publication without

clastogenic effects in a large majority of in vitro chromo-

are assigned a lower weight than results from other more

¯
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Glyphosate does not induce gene mutations in vitro. There

of MN by AMPA.
¯

(~

There

is

be

the

best

Publications

non-mammalian

in

which

predictor

glyphosate

or

of mammalian

GBFs

have

been

tested for genotoxicity in a variety of non-mammalian species
other than bacterial reverse mutation appear to be included

evidence

that

glyphosate

and

AMPA

do

not

in the IARC Monograph, with only a few regulatory or pub-

induce UDS in cultured hepatocytes.

lished studies not included. With the exception of two posi-

Some reports of induction of SCE in vitro by glyphosate

tive

and GBFs, and one positive report of SCE induction in vivo

plants for glyphosate, chromosomal effect assay results have

by a GBF, do not contribute to the overall evaluation of

mainly been published for GBFs and showed predominantly

genotoxic potential since the mechanism of induction and

positive results for MN in fish and amphibians.

biological relevance of SCE are unclear.

and

one

negative chromosomal

aberration

assays

in

A larger number of DNA damage comet assays in fish and
other non-mammalian species in vitro are reported as exhibiting

Studies in non-mammalian test systems

predominantly

positive

results

for

glyphosate.

Larger

numbers of positive comet results are available for GBFs in

With the exception of the bacterial reverse mutation test, glo-

fish and amphibian/reptile studies. One positive fish comet

bal genotoxicity testing guidelines such as those issued by

study is reported for AMPA.

OECD (2015) and other regulatory bodies do not recommend
routine use of non-mammalian assays. Recently, OECD guide-

Some

general

features

of these

non-mammalian

tests

should be noted. First, both major endpoints measured in the

deleted

majority of non-mammalian tests (i.e. MN and comet) might

because mammalian cell tests are considered more biologic-

well be secondary to toxic effects. Second, many of these

ally relevant, and non-mammalian tests (with the exception

tests involve exposure by immersion in or surface contact

of the bacterial reverse mutation test) are rarely used for

with the test material in water. This is certainly not a stand-

regulatory test batteries.

ard or relevant route of exposure for in vivo mammalian sys-

lines

for

two

non-mammalian

tests

have

been

Table 4.6 in the IARC Monograph summarized results from

tems and may introduce route-specific unique toxicity and

two bacterial reverse mutation test publications. One publica-

genotoxic effects. This

tion (Li & Long 1988) reviewed by IARC reported no muta-

which commonly contain surfactants.

is

particularly a

concern

for GBFs

bacterial

As a consequence, the Expert Panel did not consider data

reverse mutation test but a publication by Rank et al. (1993)

from a majority of the non-mammalian systems and nonstan-

indicated a positive finding with a glyphosate formulation.

dard tests with glyphosate, GBF, and AMPA to have signifi-

genic

activity

associated

with

glyphosate

in

a

Rank et al. (1993) reported positive mutagenicity in TA98

cant weight in the overall genotoxicity evaluation, especially

only without $9 and positive mutagenicity in TA100 only with

given the large number of standard core studies in the gene

$9. At the outset this combination of responses is problem-

mutation and chromosomal effects categories available in

atic as it is an unlikely combination and suggests that either

mammalian systems. Rationale supporting this consideration

Defendant’s Exhibit 2114 0012

68

(~

D. BRUSICK ET AL.

is the absence of internationally accepted guidelines for such

¯

The

highest

frequencies

of

positive

responses

were

non-mammalian test systems, lack of databases of acceptable

reported for test endpoints and systems considered most

negative control data or positive control responses, and no

likely to yield

false or misleading

positive

results with

results from validation studies suggesting concordance with

respect to carcinogenicity prediction or carcinogenic mech-

carcinogenicity. OECD guidelines specifically state that use of

anism due to their susceptibility to secondary effects. This

any nonstandard test requires justification along with strin-

relationship was constant regardless of whether the results

gent validation including establishing robust historical nega-

were taken from IARC evaluated studies alone or all stud-

tive and positive control databases. Therefore, results in these
tests, when conflicting with findings obtained in well validated test systems for which OECD guidelines exist, and

ies combined.
¯

The numbers of studies providing strong evidence of relevant genotoxicity (High Weight) were in the minority for

where the biological relevance of the results can be eval-

both the IARC and Expert Panel evaluations, with six out

uated, do not carry a significant WoE.

of 15 studies identified as High Weight being positive for
the IARC evaluation, and only eight out of 92 studies identified as High Weight being positive for all studies com-

Critique of the classifications and mode of action
(MoA) proposed in the IARC monograph for

bined by the Expert Panel.

glyphosate and related agents

Contrary to IARC’s conclusion that there is strong evidence

Genotoxicity clossification ond MoA

of genotoxicity, the Expert Panel’s WoE analysis of the com-

Based on the results of the WoE critique detailed above and

ing

the wealth of negative regulatory studies reviewed by Kier
and Kirkland (2013) and Williams et al. (2000), the Expert
Panel does not agree with IARC’s conclusion that there is

indicates that glyphosate and GBFs should not be classified

plete database (or the IARC subset alone) using the weight-

strong evidence for genotoxicity across the glyphosate or
GBFs database. In fact the Expert Panel WoE assessment provides strong support for a lack of genotoxicity, particularly in
study categories closely associated with indications of potential genetic and carcinogenic hazard.
In order to demonstrate how the evidence from all sources
was used to develop the Expert Panel’s WoE conclusions for
glyphosate, GBFs, and AMPA, the results from all study types
were compiled in Table 3. Wherever possible, positive or
negative responses were assigned to the individual studies in
Table 3 according to the conclusions given in the original
publication or report. In a small number of studies the Expert
Panel concluded that there were significant issues regarding
data analysis and interpretation of results and either changed
the positive call given by IARC, e.g. Bolognesi et al. (2009) or,
if the impact of the issues on the overall conclusions of the
study was considered inconclusive, the data from that paper
were excluded from Table 3, e.g. Paz-y-Mi6o et al. (2007) and

categories

proposed

in

Suter

and

Cormier

(2011)

as genotoxic. The panel does not agree with IARC’s conclusion of moderate evidence for genotoxicity of AMPA. The
data needed to make an assessment of the genetic hazard of
AMPA are too limited and conflicting to reliably support such
a classification.
To provide greater emphasis to the Expert Panel’s WoE
conclusion, Table 4 provides a comparison between a set of
characteristics

found

in

confirmed

genotoxic

carcinogens

(Bolt et al. 2004; Petkov et al. 2015) and the genotoxic activity profiles for glyphosate, AMPA, and GBFs. There is virtually
no concordance between the two sets of characteristics.

Oxidative stress classification and MoA
Oxidative stress was the second characteristic considered by
IARC as operative in human carcinogens and thus supporting
their

classifying

glyphosate

as

probably

carcinogenic

to

humans. Publications investigating the relationship between
oxidative DNA damage and cancer (Wu et al. 2004; Klaunig

Rank et al. (1993).
It should also be noted that the weight indicated in this

et al. 2010) have demonstrated that following exposure to

table primarily reflects the endpoint of the publication or
report. As noted above, there are significant test system
(experimental protocol and data interpretation) considerations for some specific studies that significantly lowered the
weight of these studies independently of the endpoint
measured.
An evaluation of the studies in Table 3 according to their
relative contributions to a WoE produced the following
results:

response induced in mammalian cells is the up-regulation of

oxidative

stress-inducing

agents,

a

common

adaptive

stress-response genes. The resultant toxic response is threshold dependent.
It has been shown that reactive oxygen species (ROS) are
genotoxic in principle, and the question arises as to whether
GBFs that increase ROS production will add to an endogenously produced background level of DNA lesions or whether
compensatory mechanisms

may result in

non-linear dose-

effects. Halliwell (2003) reported that alteration to DNA molecules triggers repair, and frequent activation may increase the

¯ Test methods identified as providing

low contribution

general repair capacity, irrespective of the cause of the dam-

(Low Weight) to the WoE produced the highest frequency
of positive responses, regardless of whether the responses

age. Thus, repeated exposure to ROS may lead to an adaptive

were taken from the results of IARC evaluated studies
alone (eight of nine) or from all studies combined (eight of

lesions. Moreover, as suggested by Deferme et al. (2015) oxidative stress is not uniquely associated with a genotoxic car-

11).

cinogens and simple measurements of ROS are insufficient

response,

mitigating

the

mutagenicity

of

oxidative

DNA
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Table 3. Summary of Expert Panel’s evaluation of human, non-human mammalian, and selected microbial genotoxicity studies from IARC Section 4.2.1 and other
published sources.
Glyphosate
(Pos/Neg)

GBFs
(Pos/Neg)

AMPA
(Pos/Neg)

Total
(Pos/Neg)

0/19

0/20

0/I

0/40

Moderate
Moderate

0/2
I/5

ND
I/0

ND
ND

0/2
2/5

Micronucleus
U DS

Moderate
Low

2/0
0/I

I/0
ND

ND
0/I

3/0
0/2

SCE
Chromosomal aberrations
Micronucleus
SCE

None
High
High
None

ND
0/I
0/13
ND

I/0
2/0
0/I 7
I/0

ND
ND
0/I
ND

I/0
2/I
0/31
I/0

Gene mutation
Gene mutation
Chromosomal aberrations

High
Moderate
Moderate

0/I
0/I
I/2

0/0
ND
ND

ND
ND
I/0

0/I
0/I
2/2

Micronucleus
Comet/DNA breaks

Moderate
Low

2/0
5/0

ND
2/0

I/0
I/0

3/0
8/0

U DS
SCE
Chromosomal aberrations

Low
None
High

0/I
3/0
0/I

ND
2/0
I/I

ND
ND
ND

0/I
5/0
I/2

Micronucleus
Comet/DNA breaks

High
Moderate

2/I
I/0

2/3
I/0

I/0
ND

5/4
2/0

Dominant lethal
Chromosomal aberrations
Micronucleus

High
High
High

0/I
ND
ND

ND
0/I
0/3

ND
ND
ND

0/I
0/I
0/3

High Weight Combined Totals

2/37

5/45

I/2

8/84

(IARC results only)
Moderate Weight Combined Totals
(IARC results only)

(2/4)
7/10

(3/5)
3/0

(I/0)
2/0

(6/9)
12/I0

(4/3)
5/2

(1/0)
2/0

(2/0)
1/1

(7/3)
8/3

(5/1)

(2/0)

(1/0)

(8/1)

Endpoint

Source

Test category

Weight

Kier and Kirkland (2013) and
other published studies

Bacterial Reverse Mutation

Gene mutation

High

Mammalian In Vitro

Gene mutation
Chromosomal aberrations

not included in IARC

Mammalian In Vivo

IARC Monograph 112

Bacterial Reverse Mutation
Mammalian In Vitro

Mammalian In Vivo

Human In Vivo

Low Weight Combined Totals
(IARC results only)
AMPA: aminomethylphosphonic acid; GBFs: glyphosate based formulations; ND: no data.
All responses based on study critiques and conclusions of Expert Panel members.

Non-mammalian responses from IARC monograph in this table did not include four positive studies measuring DNA strand breaks in bacteria and one negative
Rec assay in bacteria from IARC monograph Table 4.6.

Table 4. Comparison of test response profiles from glyphosate, GBFs, and AMPA to the profile characteristics of confirmed genotoxic carcinogens.
Characteristic

Carcinogens with a proven genotoxic mode of action

Profile of test responses in genetic assays

Positive effects across multiple key predictive

Structure activity relationships

endpoints (i.e. gene mutation, chromosomal
aberrations, aneuploidy) both in vitro and in vivo
Positive for structural alerts associated with genetic

No structural alerts for glyphosate or AMPA suggest-

DNA binding

activity
Agent or breakdown product are typically electro-

ing genotoxicity
No unequivocal evidence for electrophilic properties

Consistency

philic and exhibit direct DNA binding
Test results are highly reproducible both in vitro and

or direct DNA binding by glyphosate or AMPA
Conflicting and/or non-reproducible responses in the

Response kinetics

in vivo
Responses are dose dependent over a wide range of

same test or test category both in vitro and in vivo
Many positive responses do not show significant

Susceptibility to confounding factors

exposure levels
Responses are typically found at nontoxic exposure

dose-related increases
Positive responses typically associated with evidence
of overt toxicity

(e.g. cytotoxicity)

Glyphosate, GBFs, AMPA study data in Section 4.2.1
No valid evidence for gene mutation in any test; no
evidence for chromosomal aberrations in humans
and equivocal findings elsewhere.

levels

evidence supporting a genotoxic causal MoA for carcinogen-

measures of genotoxicity. For example, in the majority of the

icity (Arai et al. 2006).

studies reviewed by IARC, the endpoints assessed were only

The evidence for oxidative stress induction summarized by

indirect measures of oxidative stress, in the form of antioxi-

IARC comes from studies employing a variety of endpoints

dant suppressive effects, changes in endogenous levels of

and test systems, but in the IARC Monograph the data on

protective molecules or enzymes (e.g. glutathione, superoxide

oxidative stress are comingled with data from other end-

dismutase) or changes in ROS (e.g.

points, and data on glyphosate and GBFs are also comingled.

in vitro in mammalian cells produced conflicting results and

It is therefore difficult to obtain a clear picture of the oxida-

some positive results were observed only at very high dose

tive stress effects.

levels which

could

be

H202).

The experiments

problematic for reliable evaluation

of the potential for in vivo oxidative stress (Halliwell 2003).
Long et al. (2007) demonstrated that reactive oxygen can be

Indirect measures of oxidative stress vs. measures of oxi-

produced as an artifact by chemical reactions with compo-

dative damage

nents of the culture media, a possibility not evaluated in the

In some respects, measures (endpoints) of oxidative effects

studies reviewed by IARC. Overall, IARC’s assessment did not

can be weighted in a manner similar to that applied to

appear

to

consider

the

relative

importance

of

different
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biomarkers of oxidative stress with the exception of noting

et al. 2014a, 2014b). When considering net effects of endo-

limitations of using dihydrofluorescein acetate as a marker of

nuclease treatment there were varied responses in different

oxidative stress.

conditions, tissues, and treatments ranging from no statistic-

A more meaningful endpoint for identification of oxidative

ally significant effect to relatively small but statistically signifi-

damage, particularly as it pertains to identification of a pos-

cant effects. These studies did not provide consistent strong

sible genotoxic mechanism of cancer, would be the identifica-

evidence of oxidative

tion and application of a

system.

biomarker relevant to oxidative

stress-induced damage to DNA. While a number of biochem-

In

addition

there

DNA damage

was

a

in

human

a

non-mammalian

biomonitoring

study

ical and physiological changes in cells can be produced dur-

measuring blood 8-OHdG which did not indicate a statistic-

ing oxidative stress, the most extensively studied oxidative

ally significant association between previous GBF exposure

DNA lesion produced is 8-OHdG. This adduct has been widely

and high 8-OHdG levels (Koureas et al. 2014, not evaluated

used as a biomarker of oxidative DNA damage, and determin-

in IARC). There are concerns with this study, particularly the

ation of 8-OHdG levels may be useful in defining a chemical’s

relationship between the timing of exposure and a presum-

MoA.

ably transient marker of exposure. While some other agents
did show associations, the lack of a statistically significant
association between 8-OHdG and past GBF exposure does

Oxidative

damage

studies

evaluated

in

the

IARC

monograph

not provide support for GBF-related oxidative DNA damage
in humans.

Peluso et al. (1998) reported 32p-postlabelling adducts in rats

Many more oxidative stress studies are available for GBFs

treated with GBFs (but not glyphosate). The nature or source

than for glyphosate or AMPA. Unlike glyphosate, most of the

of the adducts was not identified but Williams et al. (2000)

GBF studies show evidence of oxidative stress suggesting

noted that the solvent system used by Peluso et al. (1998)

that GBFs contain compounds that are likely to be toxic

could

under some treatment conditions leading to ROS followed by

not

detect

oxidative

DNA

damage.

Evidence

for

increased DNA damage in Bolognesi et al. (1997) as measured

normal cellular protective responses. Comparison of GBF oxi-

by 8-OHdG DNA adducts was both limited and contradictory.

dative stress study results with predicted human exposure

Glyphosate was reported to induce 8-OHdG adducts in liver

levels

but not kidney tissues whereas a GBF (with an equivalent

0.064mg/kg

(e.g.

calculated

90th

percentile

level of glyphosate) was reported to induce 8-OHdG adducts

exposures), suggests that it is not likely that GBFs would

body weight/day and

for

much

applicators

of

lower for other

in kidney but not in liver tissue. Results of the Bolognesi

induce oxidative stress likely to exceed endogenous detoxifl-

et al. (1997) study are contradicted

cation capacities.

by another published

study (Heydens et al. 2008) that was not considered by IARC.

IARC claims of strong evidence supporting oxidative stress

In this study no statistically significant increases in 8-OHdG

from AMPA seem to result from glyphosate and particularly

were observed in liver or kidneys of mice 24 h after treatment

GBF results rather than AMPA results. In fact, oxidative stress

by i.p. injection with 600 and 900mg/kg of a GBF of the

studies of AMPA are very limited. In the section on oxidative

same composition as those used by Peluso et al. (1998) and

stress, IARC only cites one negative in vitro mammalian cell

Bolognesi et al. (1997).

study of AMPA (Chaufan et al. 2014) and one positive in vitro

The only other cited mammalian study examining oxida-

mammalian cell study (Kwiatkowska et al. 2014). There is one

of

other positive human cell study (Roustan et al. 2014) that

human 8-oxoguanine DNA N-glycosylase 1 (hOGG1) on the

was not cited; however, AMPA had unusually high toxicity in

comet endpoint in human lymphocytes exposed to glypho-

this report compared to other in vitro mammalian studies

tive

DNA

damage

was

a

measurement

of the

effect

sate (Mladinic et al. 2009a). This study showed a small but

(see above) and no dose response was observed over an

statistically significant effect on comet tail intensity at only

order of magnitude concentrations. The paucity and incon-

a

low mid-dose level in the absence of an $9 metabolic

activation

system

and

at

the

highest

dose

level

tested

sistency of cited data does not seem to justify a conclusion
of strong evidence for oxidative stress induction by AMPA.

(580pg/mL) in the presence of $9. The observation of an

Research on oxidative stress induced genotoxicity suggests

effect at the highest dose level only in the presence of $9

that it is often a secondary response to toxicity and charac-

is unusual because statistically significant increases in other

terized by a threshold (Pratt & Barron 2003). Therefore the

markers of oxidative stress were observed at the high dose

most

levels in either the presence or absence of $9. The authors

stress data presented in IARC Monograph Section 4.2 is that

indicated

there is not a strong WoE that glyphosate, GBFs, or AMPA

that

their

results

were

not

considered

an

appropriate

conclusion

supported

by

the

oxidative

unequivocal indication of the oxidative potential of glypho-

produce oxidative damage to DNA that would lead to induc-

sate. As noted above there does not appear to be any sig-

tion of endpoints predictive of a genotoxic hazard or act as a

nificant

mechanism for the induction of cancer in experimental ani-

in

vitro

metabolism

of glyphosate

with

rat

liver

homogenate (Gohre et al. 1987).

mals or humans.

A series of studies in eels examined oxidative DNA damage of glyphosate, GBF, and AMPA by measurement of comet

Summary and conclusions

endpoints with and without treatment of samples with endonucleases that cleave at sites of oxidative damage (Guilherme

Detection

et al. 2012a, 2012b; Guilherme et al. 2014a, 2014b; Marques

stress/damage in any test conducted with a chemical does

of genotoxic

activity or

induction

of oxidative
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not,

a

priori,

mean

that the

agent

has a

(~

71

carcinogenic

that glyphosate (including GBFs and AMPA) does not pose a

potential, induces key events leading to tumor develop-

genotoxic hazard and therefore, should not be considered

ment or represents an in vivo genotoxic risk. A systematic
and critical assessment of the WoE is required before geno-

carcinogen.

support for the classification of glyphosate as a genotoxic
These

conclusions

are

supportive

of

recent

toxic hazard and MoA conclusions can be reached. The
IARC process leading to conclusions suggesting modes of

reviews that have occurred during the preparation of this

action involving genotoxicity and oxidative stress was
incomplete (excluding valuable data) and did not appear to

cluded that glyphosate is unlikely to pose a carcinogenic haz-

critically evaluate some of the key studies it relied upon. A
meaningful WoE evaluation depends on an assessment of

on Pesticide Residues concluded that glyphosate is unlikely

all available data using an appropriate weighting process.

to cause a carcinogenic risk to humans from dietary exposure

A number of reviews of the carcinogenicity, genotoxicity,
and oxidative stress/damage for glyphosate, AMPA, and GBFs
were available prior to the development of the IARC

(JMPR 2016).

Glyphosate Monograph (see Introduction). These prior reviews
included much of the data available to IARC reviewers involved
in the evaluation presented in the IARC Monograph. In general,
genetic toxicology data evaluated in these prior reviews all support a conclusion that glyphosate (and related materials) is
inherently not genotoxic. The Expert Panel concluded that
there is no new, valid evidence presented in the IARC
Monograph that would provide a basis for altering these conclusions and that including the study results reviewed by Kier
and Kirkland (2013) would provide considerable additional support to the conclusion of absence of inherent genotoxic
potential.

review. A European Food Safety Authority peer review con-

ard to humans (EFSA 2015) and a Joint FAO/WHO Meeting

to be genotoxic at anticipated dietary exposures and unlikely
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¯

The Expert Panel concluded that glyphosate, GBFs, and
AMPA genotoxicity response profiles are not consistent
with characteristics of genotoxic carcinogens (Table 4).

¯

There

is

substantial

evidence,

particularly

in

bacterial

¯

Monsanto Company or previously been involved in any activity involving
glyphosate

and

as

such

declares

no

potential

GBFs, or AMPA do not induce gene mutation from either

authors

The

evidence

indicating

that

glyphosate

have

been

involved

in

any

conflicts

of

interest.

none of the aforementioned

litigation

procedures

involving

glyphosate.

can

produce

The Expert Panel Members recruitment and evaluation of the data
were

organized

and

conducted

by

Intertek

Scientific

&

Regulatory

chromosomal aberrations in mammalian systems is very

Consultancy (Intertek). The

limited,

Intertek. Intertek (previously Cantox) is a consultancy firm that provides

conflicting,

and

potentially

due

to

secondary

Expert

Panelists acted

as consultants for

mechanisms.

scientific and regulatory advice, as well as safety and efficacy evaluations

The absence of evidence indicating that glyphosate or

for the chemical, food, and

gens, in well-validated test systems with robust experimental

protocols, invalidates conclusions that glyphosate or

pharmaceutical

industries. While

Intertek

Scientific & Regulatory Consultancy has not previously worked on glyphosate related matters for the Monsanto Company, previous employees
of Cantox had worked in this capacity.
Funding for this evaluation was provided by the Monsanto Company

GBFs might act via a genotoxic MoA.

which is a primary producer of glyphosate and products containing this

The evidence for oxidative stress/damage as a mechanism

active ingredient. Neither any Monsanto company employees nor any

or predictor of carcinogenesis is unconvincing. Repeated

attorney reviewed any of the Expert Panel’s manuscripts prior to submis-

exposure to ROS most likely leads to adaptive responses,
mitigating

the

mutagenicity

Studies directed toward a

¯

Company. Marilyn Aardema has not previously been employed in the

Furthermore, other than Gary Williams,

GBFs induced lesions characteristic of genotoxic carcino-

¯

glyphosate. Larry Kier was previously an employee of the Monsanto

reverse mutation assays, demonstrating that glyphosate,

direct or oxidative induced mechanisms.
¯

Gary Williams has consulted for Monsanto on litigation matters involving

of oxidative

DNA

sion to the journal.
This article is part of a supplement, sponsored and supported by

lesions.

Intertek Scientific & Regulatory Consultancy. Funding for the sponsorship

better understanding of this

of this supplement was provided to Intertek by the Monsanto Company,

relationship for glyphosate or GBF related exposures have

which is a primary producer of glyphosate and products containing this

not been reported.

active ingredient.

There is little or no reliable evidence that GBFs, at levels
experienced across a broad range of end-user exposures,
poses any human genotoxic hazard/risk.
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The Expert Panel concluded that the IARC assessment of
classifications regarding strong evidence of genotoxicity and
oxidative stress capabilities of glyphosate, GBFs, and AMPA is
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Supplemental Information - Genotoxicity Expert Panel Review
Appendix A
Summary tables of studies included in Williams et al. (2000) or Kier and Kirkland (2013)
but not included in the IARC Monograph
Table 1. Bacterial reverse mutation
High doseb
(IJg/plate)

Maxc

State

Resulte

Reff

0,9,5,7

2500-5000

T

S

neg

Jensen (1991a)

0,9,5,7,8

1000

T

N

negea

Suresh (1993a)

0,9,5,7,PU

5000

L, T

N

neg

Akanuma (1995)

0,9,5,7,PK, PUK

5000

L, T

S

negea

Callander (1996)

0,9,5,7,PU

5000

L, T

N

neg

Thompson (1996)

0,9,5,7,PK, PUK

5000

L, T

S

negea

Callander (1999)

0,9,5,7a

5000

L, T

S

negea

Ranzani (2000)

0,9,5,7,PU

5000

L, T

N

neg

Sokolowski (2007a)

0,9,5,7,PU

5000

L, T

N

neg

Sokolowski (2007b)

0,9,5,7,PU

5000

L, T

N

neg

Sokolowski (2007c)

0,9,5,7,2

5000

L

S

negea

Ribeiro do Val (2007)

0,9, 5,7a,2

1000

T

S

negea

Miyaji (2008)

0,9,5,7,2

3160

T

Nea

neg

Flugge (2009a)

0,9,5,7,PU

5000

L, T

N

neg

Sokolowski (2009a)

0,9,5.7,PK, PUK

5000

L, T

N

neg

Sokolowski (2009b)

0,9,5,7,2

3160

T

Nda

neg

Flugge (2010b)

0,9,5,7, PU

5000

L, T

N

neg

Schreib (2010)

0,9,5,7,2

5000

L, T

N

neg

Wallner (2010)

3333-10000

T

neg

*Chan and Mahler (1992)

0,9,5,7

500-1500

T

S

neg

*Kier et el. (1992a)

0,9,5,7

5000

L, T

S

neg

*Kier et el. (1992b)

0,9,5,7

500-1500

T

S

neg

*Kier et el. (1992c)

0,9,5,7,PU

3330-5000

T

N

negeb

Mecchi (2003a)

0,9,5,7,PU

3330

T

N

neg

Mecchi (2003b)

0,9,5,7,2

100-316

T

N

neg

Uhde (2004)

0,9,5,7,PU

3330-5000

T

N

neg

Xu (2006)

0,9,5,7,2

2000

T

N

neg

Lope (2008)

0,9,5,7,PU

5000

L, T

N

neg

Mecchi (2008a)

0,9,5,7,PU

5000

L, T

N

neg

Mecchi (2008b)

Test systema
Glyphosate and Salts
Regulatory Studies

Pubfished/Pubfic Studies
0,9,5,7
GBF’s
Regulatory Studies
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Test systema

High doseb
(IJg/plate)

Maxc

Statd

Resulte

0,9,5,7,PU

5000

L, T

N

neg

Mecchi (2008c)

0,9,5,7,2

200

Tca

N

neg

Camolesi (2009)

0,9,5,7,2

2000

T

N

neg

Catoyra (2009)

0,9,5,7,PU

5000

L, T

N

neg

Mecchi (2009a)

0,9,5,7,PU

5000

L, T

N

neg

Mecchi (2009b)

0,9,5,7,2

200

Tca

N

neg

Camolesi (2010)

0,9,5,7,2

31.6-1000

T

N

neg

Flugge (2010a)

0,9,5,7,2

10-100

T

N

neg

Flugge (2010d)

0,9,5,7,8,P

5000ha

?c~

N

negec

*Moriya et al. (1983)

0,9, 7a,2

0.2

Tca

N

negec

Chruscielska et al. (2000)

Reff

Pubfished/Pubfic Studies

AMPA
Regulatory Studies
0,9,5,7,8,P
5000
L
N
neg
*Shirasu et al. (1980)
Bacterial reverse mutation test strains used: 0, TA100; 9, TA98; 5, TA1535; 7, TA1537;7a, TA97a; 2,

a

TA102; 8, TA1538; P, Escherichia cofiWP2 hcr; PU, E. cofiWP2 (uvrA); PUK, E. cofiWP2 (uvrA) [pKM101];
PK, E. cofiWP2 [pKM101]
~ Highest dose level used. Range indicates different maximum dose levels depending on experimental conditions
such as presence or absence of exogenous mammalian metabolic activation, preincubation or plate incorporation
methodology.
ba Publication indicates pesticides were tested up to 5000 IJg/plate or toxic levels but amounts tested for specific
pesticides not indicated.
c Observations relevant to maximum dose level tested
L Meets or exceeds maximum of 5000 IJg/plate recommended for soluble, non-cytotoxic substances by OECD
Test Guideline (OECD, 1997)
T Toxicity observed for one or more strain/metabolic activation combinations as indicated by reduction in
revertants/plate and/or reduction in background lawn.
ca Cytotoxicity observed at higher concentrations in rangefinder experiment.
c~ Publication indicates testing to 5000 IJg/plate or toxic levels but conditions for specific pesticides not indicated.
d Statistical analysis method and results indication in supplement, publication or publicly available report.

e

N Statistical analysis not indicated
S Statistical analysis method and results presented
da Statistical analysis suggested in text but not clearly evident in data tables.
Assay result
neg--negative
pos--positive
ea Statistically significant increases in revertants/plate observed for some strain/S9 combinations but increases
were judged not to be treatment related because they were less than 2-fold and, in most cases, not reproducible
or consistent with a dose response.
eb Several dose levels exceeded control revertants/plate by more than three fold in one experiment for TA98 -$9
and TA1535 -$9. There was no dose response and the result was not observed in a second experiment. The
>3-fold response was considered due to low control values rather than a treatment related response.
ec Results presented as "-".

f References listed in Table 1 that are not found in Kier and Kirkland (2013) are marked with an * and listed
within the bibliography
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Table 2. In vitro mammalian cell studies.
Endpointa

Test systemb

High dosec

Maxd

State

Resultf

Refg

4200-5000
pg/mL

L

N

neg

Jensen (1991b)

Glyphosate and Salts
Regulatory Studies
Tk

ML

Tk

ML

1000 pg/mL

P

N

neg

Clay (1996)

CA

HL

333 pg/mL

T

S

neg

*van de Waart (1995)

CA

HL

1250 pg/mL

P

S

neg

Wright (1996)

CA

HL

1250 pg/mL

T

S

neg

Fox (1998)

CA

CHL

1000 pg/mL

N~a

N

neg

Matsumoto (1995)

UDS

PRH

111.69 mM

T

N

neg

Rossberger (1994)

Published/Pubfic Studies
CA

HL

51 IJM

Nda

S

pos

*Lioi et al. (1998)

CB MN

BL

0.56 mM

N

S

incta

Piesova (2004)

CB MN

BL

0.56 mM

N

S

incta

Piesova (2005)

CA (1)

BL

1.12 mM

Tub

S

negt~

*Holeckova (2006)
Mladinic et al. (2009)h

CB MN

HL

580 pg/mL

T

S

pos?to

CB MN

TR146

20 mg/L

T

S

pos

Koller et al. (2012)h

GBF’s
Pubfished/Pubfic Studies
CA

MS

50 mMca

L, T

S

pos

Amer et al. (2006)

CB MN

TR146

20 mg/L

T

S

pos

Koller et al. (2012)h

SCE

MS

50 mMca

L, T

S

pos

Amer et al. (2006)

AMPA
Regulatory Studies
UDS
PRH
5000 pg/mL
L, T
N
neg
*Bakke (1991)
Assay endpoint: Tk, gene mutation at the Tk locus; CA, chromosomal aberration; CA (1), chromosomal aberration

a

(FISH analysis of chromosome 1 for acentric fragments); CB MN, cytokinesis block micronucleus; SCE, sister
chromatid exchange; UDS, unscheduled DNA synthesis.
~ ML, L5178Y mouse lymphoma cell line; HL, human peripheral blood lymphocytes; CHL, Chinese hamster lung cell
line; PRH, primary rat hepatocyte; BL, bovine peripheral blood lymphocytes; TR146, human buccal epithelial cell line;
MS, mouse spleen cells.
c Highest analyzable dose level used in publication in reported units. A range indicates different highest dose levels
for different experimental conditions (e.g. with or without exogenous mammalian metabolic activation or different
exposure times).
ca Calculated from the stated concentration of 5 x 10.5 M glyphosate/mL.
d Observations relevant to maximum dose level tested
L Meets or exceeds current OECD guideline maximum recommended concentration. For relatively noncytotoxic compounds the recommend maximum concentration is 10 mM, 2 mg/mL or 2 pl/mL, whichever is
lower, for the in vitro mammalian cell Tk gene mutation test (OECD, 2015), the in vitro mammalian cell
chromosomal aberration test (OECD, 2014a) and the in vitro mammalian cell micronucleus test (OECD, 2014b).
For glyphosate (MW 169.1) the maximum is 10 mM or 1690 pg/mL. For test materials of unknown or variable
composition a higher top concentration such as 5000 pg/mL is suggested in these guidelines. No specific
maximum concentration is recommended for relatively non-cytotoxic compounds in the in vitro mammalian cell
UDS test guideline (OECD, 1986).
T Toxicity observed at maximum concentration. In some cases, as indicated by footnote, toxicity was observed
at higher concentrations in a rangefinder experiment.
P Top dose level selected to avoid excessive changes in pH.
N No significant toxicity observed.
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da Higher doses caused excessive toxicity in rangefinder experiments.
db Highest dose reported to cause reduction in mitotic index >50% but data not presented.
Status of statistical analysis method and results indication in supplement, publication or publicly available report:
N Statistical analysis not indicated in report or publication.
S Statistical analysis method and results presented.
f Assay result:
neg--negative
pos--positive
inc--inconclusive
fa Statistically significant increases observed at a single different dose level for each of two donors for 48 hours
e

treatment without $9 metabolic activation. Publications indicate dose responses were not observed and effects
were very weak or minimal with 48 hours treatment.
fb NO positive control reported.
fc Small increases in MN frequency in binucleate cells observed for a wide range of dose levels (3.5-580 IJg/mL)
without $9 but not statistically significant. Statistically significant increase in MN frequency only observed at
highest dose level (580 IJg/mL) with $9 and was interpreted in the publication as possibly an aneugenic effect
exhibited only above a threshold.
g References listed in Table 2 not found in Kier and Kirkland (2013) are marked with an * and listed within the
bibliography
h IARC monograph only reports comet results but not MN results for Mladinic et al. (2009) and Koller et al. (2012).
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Table 3. In vivo mammalian studies
Endpointa

Test system

Rteb

High dosec

Maxd

State

Resultf

Refg

Glyphosate and Salts
Regulatory Studies
BM CA

mouse

p.o.

5000

L,T

S

neg

Suresh (1994)

BM MN

mouse

p.o.

5000

L

S

neg

Jensen (1991c)

BM MN

mouse

p.o.

5000

L,T

S

incta

Suresh (1993b)

BM MN

mouse

p.o.

5000

L

S

neg

Fox & Mackay (1996)

BM MN

mouse

p.o.

2000

L

S

negtb

Jones (1999)

BM MN

mouse

i.p.

562.5

Nda

S

neg

Marques (1999)

BM MN

mouse

i.p.

3024

L,T

S

neg

Gava (2000)

BM MN

mouse

p.o.

2000

L

S

neg

Honarvar (2005)

BM MN

mouse

i.p.

600

T

S

negto

Durward (2006)
Zoriki Hosomi (2007)

BM MN

mouse

p.o.

30

N

S

negt~

BM MN

mouse

p.o.

2000

L

S

neg

Honarvar (2008)

BM MN

mouse

i.p.

62.5

N

S

neg

Costa (2008)

rat

p.o.

2000

L

S

neg

Flugge (2009b)

BM MN

Pubfished/Pubfic Studies
PB MN

mouse

diet ba

3393

L

S

neg

*Chan and Mahler
(1992)

BM MN

mouse

i.p

300

Ndb

S

neg

Chruscielska et al.
(2000)

GBF~
Reg~atory Stu~es
BM MN

mouse

i.p.

555

T

S

neg

*Kier et al. (1992d)

BM MN

mouse

i.p.

3400

T

S

neg

*Kier et al. (1992e)

BM MN

mouse

i.p.

365

T

S

neg

*Kier et al. (1992f)

BM MN

mouse

p.o.

2000

L

S

negfe

Erexson (2003a)

BM MN

mouse

p.o.

2000

L

S

neg

Erexson (2003b)

BM MN

mouse

p.o.

2000

L

S

neg

Erexson (2006)

BM MN

mouse

p.o.

2000

LT

S

negte

Xu (2008a)

BM MN

mouse

p.o.

2000

S

neg

Xu (2008b)

BM MN

mouse

p.o.

2000

S

neg

Xu (2009a)

BM MN

mouse

p.o.

2000

S

neg

Xu (2009b)

BM MN

mouse

p.o.

2000

S

neg

Xu (2009c)

BM MN

mouse

p.o.

2000

S

neg

Negro Silva (2009)

BM MN

mouse

p.o.

2000

S

neg

Flugge (2010c)

BM MN

mouse

p.o.

2000

S

neg

Flugge (2010e)

BM MN

mouse

p.o.

2000

S

neg

Negro Silva (2011 )

Pubfished/Pubfic Studies
BM MN

mouse

i.p.

90

N~c

S

neg

Chruscielska et al.
(2000)

BM MN

mouse

i.p.

200

T?dd

S

neg

*Coutinho do
Nascimento A (2000)
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BM CA

rabbit

d.w.bb

750 ppm

N

S

pos

*Helal and Moussa
(2005)

BM, SC CA

mouse

i.p., p.o.bc

50 glyca

N~e

S

inc~, pos

*Amer et al. (2006)

BM SCE

mouse

p.o.

200 glyca

N

S

pos

*Amer et al. (2006)

i.p.

1000

AMPA
Regulatory Studies

a

negtg

*Kier and Stegeman
(1993)
Endpoint: BM MN, bone marrow polychromatic erythrocyte micronucleus; BM CA, bone marrow chromosomal

BM MN

mouse

T

S

aberration; PB MN, normochromatic erythrocyte micronucleus in peripheral blood; SC CA, spermatocyte
chromosomal aberration; BM SCE, bone marrow sister chromatid exchange.
~ Rte--Route of administration: p.o. oral (gavage); i.p., intraperitoneal injection; d.w., drinking water. Except as noted
by footnote acute dosing (single or two doses 24 hours apart were used)
ba 13 week feeding study.
~ 60 days drinking water study.
~c 1, 3 and 5 days i.p.; 1, 7, 14 and 21 days p.o.
c Maximum glyphosate, GBF or AMPA treatment dose level in mg/kg body weight except for ppm which indicates
amount in drinking water.
ca dose units were reported as mg/kg body weight of glyphosate (gly)
d Observations relevant to maximum dose level tested

e

L Meets or exceeds current OECD guideline maximum recommended dose (OECD, 2014c).
T Signs of general or target organ toxicity observed at highest dose level.
da Maximum concentration close to reported LDso of 750 mg/kg
db Indicated as "maximal dose succeeded in administration"
do Indicated as 70% of the LDso
de Reduction in PCE/NCE ratio observed but not indicated as statistically significant.
de Statistically significant increases in abnormal sperm observed at p.o. doses of 100 and 200 mg/kg gly
Statistical analysis method and results indication in supplement, publication or publicly available report.

N Statistical analysis not indicated
S Statistical analysis method and results presented
f Assay result
neg--negative
pos--positive
inc--inconclusive
fa Statistically significant increase in MN erythrocytes for high dose females. Control MN frequencies were
unusually high and historical control data not presented.
fb Statistically significant increase in MN PCE frequency at 24 h only, within historical control, not judged to be
treatment-related.
fc Statistically significant increase in MN PCE frequency only for 24 h high dose, within historical control, not
idudged to be treatment-related.
Statistically significant increase for high dose MN PCE frequency, within historical control, not judged to be
treatment-related.
fe Statistically significant increase for high dose at 48 hours, within historical control, but judged to be due to a
low control group value and not treatment-related.
~ For BM CA by p.o route increases in abnormal metaphases not statistically significant excluding gaps from
aberrant cells. Authors conclude positive result based on statistically significant increases in abnormal
metaphases including gaps.
fg Statistically significant increase in MN PCE for low dose females at 72 h. Increase was within historical control
and statistically significant increases were not observed at higher dose levels, not judged to be treatment-related.
g References listed in Table 3 that are not found in Kier and Kirkland (2013) are marked with an * and listed within the
bibliography.
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Supplemental Information - Genotoxicity Expert Panel Review

Appendix B
Supplementary information for unpublished regulatory studies cited in Williams et al.
(2000)
Table 1. Bacterial Reversion and Rec Assays
Report Reference:

Shirasu et al. (1980)

Author/Study Director:

Y. Shirasu
M. Moriya
T. Ohta

Year:

1980

Title:

[AMPA]: MICROBIAL MUTAGENICITY STUDY

Assay:

Bacterial Reverse Mutation

Report Identification Number:

None

Report Guideline Statement:

None

Test Material:

Aminomethylphosphonic acid (99%)

Report Conclusion:

The microbial mutagenicity testing was performed on
AMPA. This compound was negative in ’the repair test
(rec-assay) with Bacillus subtilis H 17 (rec÷) and M45 (rec-)
and in the reverse mutation tests with or without a liver
metabolic activation system employing Escherichia coil
WP2 hcr and Salmonella typhimurium TA series (TA1535,
TA1537,TA1538, TA1OO and TA98) as tester strains.

Control Materials:
Negative (vehicle):
Positive:

Distilled water
See summary tables

Metabolic Activation:

Aroclor-1254 induced rat liver homogenate 30% in $9 Mix
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Rec Assay
B. subtilis H17 (repair proficient) and M45 (repair deficient)
Disk Assay
Substance

Amt/Disk (IJg)

Inhibitory Zone (mm)

Difference (mm)

M45

H17

Without $9
Vehicle Cont.a
Test Material

Pos. Cont.b
a

b

0

0

0

20

0

0

0

100

0

0

0

200

0

0

0

500

0

0

0

1000

0

0

0

2000

0

0

0

Kan

6

5

1

MMC

9.5

2

7.5

Vehicle control: water
Pos. Cont.--Kan, 10 IJg/disk kanamycin; MMC, 0.1 IJg/disk mitomycin C
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Report Reference:

Kier et al. (1992a)

Author/Study Director:

L.D. Kier (study director)
S.D. Stegeman
J.G. Costello
S. Schermes

Year:

1992

Title:

Ames/Salmonella Mutagenicity Assay of ROUN DUP®
Herbicide Formulation

Assay:

Bacterial Reverse Mutation

Report Identification Number:

MSL-11729

Report Guideline Statement:

None

Test Material:

Roundup® Herbicide Formulation (31% glyphosate acid
equivalent)

Report Conclusion:

The test sample, Roundup® Herbicide Formulation, was
concluded not to be mutagenic towards any of the
Salmonella typhimurium test strains used (TA98, TAI 00,
TA1535, and TA1537) in the presence or absence of an
Aroclor 1254-induced rat liver homogenate metabolic
activation system (S-9 Mix).

Control Materials:
Negative (vehicle):
Positive:

Distilled water
See summary tables

Metabolic Activation:

Aroclor-1254 induced rat liver homogenate 10% in $9 Mix
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Summary data tables

Experiment 1
Plate Incorporation
Three replicate plates (treatment and vehicle control)
Substance

Amt/Plate (pg)

Revertants/Plate~
Mean + Std. Dev.
TA98

TA100

TA1535

TA1537

25.9 + 9.6

136.7 + 12.2

16.0 + 5.6

8.6 + 3.0

5

29.3 + 4.0

126.0 + 2.0

14.7 + 3.1

7.0 + 1.0

15

24.3 + 11.0

120.7 + 24.2

13.7 + 6.1

5.7 + 1.5

5O

26.3 + 7.2

131.7 + 17.6

13.7 + 2.1

5.7 + 2.1

Wi~outS9
Veh. Cont.a
Test Mat.

Pos. Cont.c

150

29.7 + 5.7

106.7 + 13.3

10.7 + 2.1

7.0 + 1.0

5OO

19.7 + 5.7Tb

T

T

6.0 + 2.8T

level 1

44

276

114

19

level 2

99

1190

428

181

level 3

191

1500

1940

1970

Wi~S9
Veh. Cont.a
Test Mat.

36.9 + 4.3

155.5 + 9.9

13.7 + 4.4

9.4 + 3.6

15

33.3 + 3.1

151.0 +19.3

10.3 + 1.2

8.3 + 1.5

50

28.7 + 3.2

144.7 + 24.8

10.7 + 5.1

9.7 + 3.2

150

32.0 + 9.2

142.7 + 9.3

12.3 + 1.5

9.7 + 5.7

500

28.7 + 2.3

111.3 + 11.0T

9.3 + 1.5

7.7 + 4.0T

1500

24.0 + 5.6T

T

T

T

level 1

102

202

55

24

level 2

316

1930

302

56

level 3

726

2200

1060

201

Pos. Cont.-S9c

4-NQNO (0.02,
0.1, 0.2)

4-NQNO (0.02,
0.1, 0.2)

NaNO2 (500, 2500,
5000)

9-AA (10, 50,
100)

Pos. Cont. +$9c

2-AAF (3, 15,
30)

B[a]P (0.2, 1, 2)

2-AA (1, 5, 10)

2-AA (1, 5, 10)

Pos. Cont.c

Vehicle control: water
T, toxicity
Pos. Cont.--Positive Control with positive controls and amounts per plate in IJg indicated at the
bottom of the table: 4-NQNO, 4-nitroquinoline-N-oxide; NaNO2, sodium nitrite; 9-AA, 9-aminoacridine; 2-AAF, 2acetylaminofluorene; B[a]P, benzo[a]pyrene; 2-AA, 2-aminoanthracene
*, p<0.05; **, p<0.01 Statistically significant) differences between treatment and vehicle control
group using within levels pooled variance and a one-sided t-test with Ioglo transformed revertants/plate. No
statistically significant (p<0.05) dose responses observed using regression analysis and Ioglo transformed dose
levels and revertants/plate.
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Experiment 2
Plate Incorporation
Three replicate plates (treatment and vehicle control)
Substance

Amt/Plate (pg)

Revertants/Plate~
Mean + Std. Dev.
TA98

TA100

TA1535

TA1537

18.6 + 6.0

110.9 + 21.0

12.3 + 5.0

7.0 + 1.2

5

22.0 + 2.0

115.7 + 6.8

12.0 + 4.4

7.3 + 1.2

Wi~outS9
Veh. Cont.a
Test Mat.

Pos. Cont.c

15

22.0 + 5.2

124.3 + 11.0

12.0 + 4.0

7.7 + 1.2

5O

22.0 + 4.6

115.0 + 10.5

11.3 + 4.9

7.0 + 1.7

150

22.0 + 5.0

125.3 + 15.8

11.7 + 4.9

7.3 + 0.6

5OO

20.3 + 1.5Tb

T

T

T

level 1

30

136

149

26

level 2

71

1030

536

68

level 3

272

1890

1890

321

Wi~S9
Veh. Cont.a
Test Mat.

Pos. Cont.c

27.4 + 4.9

134.6 + 16.6

12.4 + 2.8

9.2 + 2.9

15

32.0 + 4.4

123.0 + 7.0

13.3 + 4.7

6.3 + 0.6

5O

34.0 + 5.2*

134.0 + 24.2

12.7 + 3.2

5.7 + 0.6

150

32.3 + 5.9

109.3 + 22.2

9.3 + 2.5

6.0 + 2.8

5OO

35.0 + 2.0**

101.0 + 26.0T

6.7 + 1.2T

7.0 + 2.6T

1500

24.7 2.1

T

T

T

level 1

85

176

93

22

level 2

234

447

431

80

level 3

761

1470

708

T

Pos. Cont.
_$9c

4-NQNO
(0.02, 0.1, 0.2)

4-NQNO (0.02,
0.1, 0.2)

NaNO2 (500,
2500, 5000)

9-AA (10, 50,
100)

Pos. Cont. +$9c

2-AAF (3, 15,
30)

B[a]P (0.2, 1, 2)

2-AA (1, 5, 10)

2-AA (1, 5, 10)

Vehicle control: water
T, toxicity
Pos. Cont.--Positive Control with positive controls and amounts per plate indicated at the
bottom of the table: 4-NQNO, 4-nitroquinoline-N-oxide; NaNO2, sodium nitrite; 9-AA, 9-aminoacridine; 2-AAF, 2acetylaminofluorene; B[a]P, benzo[a]pyrene; 2-AA, 2-aminoanthracene
*, p<0.05; **, p<0.01 Statistically significant) differences between treatment and vehicle control
group using within levels pooled variance and a one-sided t-test with Ioglo transformed revertants/plate. No
statistically significant (p<0.05) dose responses observed using regression analysis and Ioglo transformed dose
levels and revertants/plate.
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Experiment 3
Plate Incorporation
Three replicate plates (treatment and vehicle control)
Substance

Amt/Plate (pg)

Revertants/Plate~ Mean + Std. Dev.
TA98

Wi~S9
Veh. Cont.a
Test Mat.

Pos. Cont.c

31.3 + 12.7
250

19.0 + 4.4

500

20.7 + 5.8

1000

16.3 + 9.0T

level 1

63

level 2

342

level 3

991

Pos. Cont. -$9c
Pos. Cont. +$9c

2-AAF (3, 15, 30)

Vehicle control: water
T, toxicity
Pos. Cont.--Positive Control with positive controls and amounts per plate indicated at the
bottom of the table: 4-NQNO, 4-nitroquinoline-N-oxide; NaNO2, sodium nitrite; 9-AA, 9-aminoacridine; 2-AAF, 2acetylaminofluorene; B[a]P, benzo[a]pyrene; 2-AA, 2-aminoanthracene
*Statistically significant (*, p<0.05; **, p<0.01) differences between treatment and vehicle control
group using within levels pooled variance and a one-sided t-test with Ioglo transformed revertants/plate. No
statistically significant (p<0.05) dose responses observed using regression analysis and Ioglo transformed dose
levels and revertants/plate.
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Report Reference:

Kier et al. (1992b)

Author/Study Director:

L.D. Kier (study director)
S.D. Stegeman
J.G. Costello
S. Schermes

Year:

1992

Title:

Ames/Salmonella Mutagenicity Assay of RODEO®

Assay:

Bacterial Reverse Mutation

Report Identification Number:

MSL -11730

Report Guideline Statement:

None

Test Material:

Rodeo® Herbicide Formulation) (40% glyphosate acid
equivalent)

Report Conclusion:

The test sample, RODEO, was concluded not to be
mutagenic towards any of the Salmonella typhimurium test
strains used (TA98, TA1 00, TAI 535, and TA1 537) in the
presence or absence of an Aroclor ’1254-induced rat liver
homogenate metabolic activation system (S-9 Mix).

Control Materials:
Negative (vehicle):
Positive:

Distilled water
See summary tables

Metabolic Activation:

Aroclor-1254 induced rat liver homogenate 10% in $9 Mix
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Summary data tables

Experiment 1
Plate Incorporation
Three replicate plates (treatment and vehicle control)
Substance

Amt/Plate (pg)

Revertants/Platec
Mean + Std. Dev.
TA98

TA100

TA1535

TA1537

26.9 + 9.6

138.7 + 12.2

16.8 + 5.6

8.8 + 3.8

5O

21.0+6.2

111.0+ 17.1

11.7+3.2

5.7+2.5

150

25.7 + 1.5

116.3 + 12.3

11.0 + 3.0

4.3 + 0.6

5OO

29.0 + 8.5

124.0 + 24.0

11.3 + 0.6

3.7 + 0.6

Wi~outS9
Veh. Cont.a
Test Mat.

Pos. Cont.b

1500

24.3 + 6.0

99.7 + 18.9

12.3 + 2.1

5.7 + 2.5

5000

21.7 + 3.2

73.3 + 12.3

8.0 + 2.6

3.3 + 1.2

level 1

44

276

114

19

level 2

99

1190

428

181

level 3

191

1500

1940

1970

Wi~S9
Veh. Cont.a
Test Mat.

Pos. Cont.b

36.9 + 4.3

155.8 + 9.9

13.7 + 4.4

9.4 + 3.6

50

34.3 + 5.8

150.3 + 20.8

10.3 + 4.2

8.7 + 0.6

150

40.0 + 5.6

149.0 + 3.6

11.7 + 2.5

7.3 + 4.0

500

37.3 + 9.9

144.7 + 17.8

12.7 + 2.9

7.0 + 0.0

1500

27.0 + 7.8

151.3 + 16.2

9.3 + 1.2

9.0 + 1.0

5000

21.0 + 7.9

136.7 + 14.3

7.7 + 0.6

7.0 + 1.0

level 1

102

202

55

24

level 2

316

1930

302

56

level 3

726

2200

1060

201

Pos. Cont. -S9~

4-NQNO
(0.02, 0.1, 0.2)

4-NQNO (0.02,
0.1, 0.2)

NaNO2 (500,
2500, 5000)

9-AA (10, 50,
100)

Pos. Cont. +$9~

2-AAF (3, 15,
30)

B[a]P (0.2, 1, 2)

2-AA (1, 5, 10)

2-AA (1, 5, 10)

Vehicle control: water
Pos. Cont.--Positive Control with positive controls and amounts per plate in IJg indicated at the
bottom of the table: 4-NQNO, 4-nitroquinoline-N-oxide; NaNO2, sodium nitrite; 9-AA, 9-aminoacridine; 2-AAF, 2acetylaminofluorene; B[a]P, benzo[a]pyrene; 2-AA, 2-aminoanthracene
c ,, p<0.05; **, p<0.01 Statistically significant) differences between treatment and vehicle control
group using within levels pooled variance and a one-sided t-test with Ioglo transformed revertants/plate. No
statistically significant (p<0.05) dose responses observed using regression analysis and Ioglo transformed dose
levels and revertants/plate.
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Experiment 2
Plate Incorporation
Three replicate plates (treatment and vehicle control)
Substance

Amt/Plate
(IJg)

Revertants/Platec
Mean + Std. Dev.
TA98

TA100

TA1535

TA1537

18.8 + 6.8

110.9 + 21.8

12.3 + 5.0

7.0 + 1.2

50

26.7 + 2.5*

123.0 + 9.5

14.3 + 4.0

7.3 + 0.6

Wi~outS9
Veh. Cont.a
Test Mat.

Pos. Cont.b

150

20.7 + 8.6

110.7 + 12.1

11.3 + 2.5

7.0 + 2.0

500

22.0 + 5.3

121.3 + 26.8

13.3 + 1.2

7.0 + 1.0

1500

21.0 + 2.6

112.7 + 15.6

13.7 + 7.4

6.0 + 3.0

5000

14.3 + 3.8

93.0 + 10.5

12.7 + 1.5

5.3 + 2.5

level 1

30

136

149

26

level 2

71

1030

436

68

level 3

272

1890

1010

321

Wi~S9
Veh. Cont.a
Test Mat.

Pos. Cont.b

27.7±4.9

134.6±16.6

12.4±2.8

9.2±2.9

50

28.3±3.1

147.0±18.2

12.7±1.3

7.3±2.1

150

32.7±5.8

147.7±21.5

11.7±5.5

5.3±1.5

500

30.3±7.5

137.0±20.5

11.0±2.6

7.3±2.3

1500

29.7±3.5

135.3±11.0

11.7±4.7

7.7±3.2

5000

31.0±2.0

129.0±11.4

11.7±2.5

5.3±1.5

level 1

85

176

93

22

level 2

234

447

431

80

level 3

761

1470

708

T

Pos. Cont.-$9~

4-NQNO
(0.02, 0.1, 0.2)

4-NQNO (0.02,
0.1, 0.2)

NaNO2 (500,
2500, 5000)

9-AA (10, 50,
100)

Pos. Cont. +$9~

2-AAF (3, 15, 30)

B[a]P (0.2, 1, 2)

2-AA (1, 5, 10)

2-AA (1, 5, 10)

Vehicle control: water
Pos. Cont.--Positive Control with positive controls and amounts per plate in IJg indicated at the
bottom of the table: 4-NQNO, 4-nitroquinoline-N-oxide; NaNO2, sodium nitrite; 9-AA, 9-aminoacridine; 2-AAF, 2acetylaminofluorene; B[a]P, benzo[a]pyrene; 2-AA, 2-aminoanthracene
*, p<0.05; **, p<0.01 Statistically significant) differences between treatment and vehicle control
group using within levels pooled variance and a one-sided t-test with Ioglo transformed revertants/plate. No
statistically significant (p<0.05) dose responses observed using regression analysis and Ioglo transformed dose
levels and revertants/plate.
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Report Reference:

Kier et al. (1992c)

Author/Study Director:

L.D. Kier (study director)
S.D. Stegeman
J.G. Costello
S. Schermes

Year:

1992

Title:

Ames/Salmonella Mutagenicity Assay of []
Direct® Herbicide Formation)

Assay:

Bacterial Reverse Mutation

Report Identification Number:

MSL-11731

Report Guideline Statement:

None

Test Material:

Direct® Herbicide Formulation (72% glyphosate acid
equivalent)

Report Conclusion:

The test sample, Direct® Herbicide Formulation, was
concluded not to be mutagenic towards any of the
Salmonella typhimurium test strains used (TA98, TAI 00,
TA1 535, and TA1 537) in the presence or absence of an
Aroclor 1254-induced rat liver homogenate metabolic
activation system (S-9 Mix).

Control Materials:
Negative (vehicle):
Positive:

Distilled water
See summary tables

Metabolic Activation:

Aroclor-1254 induced rat liver homogenate 10% in $9 Mix
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Summary data tables

Experiment 1
Plate Incorporation
Three replicate plates (treatment and vehicle control)
Substance

Amt/Plate (pg)

Revertants/Plate~
Mean + Std. Dev.
TA98

TA100

TA1535

TA1537

26.9 + 9.6

138.7 + 12.2

16.8 + 5.6

8.8 + 3.8

5

21.3 + 6.0

127.3 + 21.8

11.7 + 2.5

8.0 + 1.0

15

28.3 + 3.1

120.3 + 4.9

10.7 + 3.6

4.7 + 1.2

5O

26.0 + 10.5

120.3 + 15.2

14.7 + 3.8

5.0 + 1.0

Wi~outS9
Veh. Cont.a
Test Mat.

Pos. Cont.c

150

32.3 + 10.3

90.7 + 16.0

11.7 + 3.5

7.0 + 2.6

5OO

T

T

T

6.7 + 1.5T

level 1

44

276

114

19

level 2

99

1190

428

181

level 3

191

1500

1940

1970

36.9±4.3

155.8±9.9

13.7±4.4

9.4±3.6

15

28.0±9.5

142.7±15.4

10.7±2.1

6.3±1.2

50

27.7±6.7

153.3±37.1

8.3±2.5

8.7±3.5

Wi~S9
Veh. Cont.a
Test Mat.

150

33.7±11.0

111.0±7.0

9.0±2.0

8.3±2.5

500

24.0±8.7

89.3±13.7T

7.0±1.0T

7.3±0.6T

1500

28.0±0.0T

T

T

6.3±2.5T

level 1

102

202

55

24

level 2

316

1930

302

56

level 3

726

2200

1060

201

Pos. Cont. -S9c

4-NQNO(0.02,
0.1, 0.2)

4-NQNO(0.02,
0.1, 0.2)

NaNO2(500,
2500, 5000)

9-AA(10,50,
100)

Pos. Cont. +$9c

2-AAF (3, 15,
30)

B[a]P (0.2, 1, 2)

2-AA (1, 5, 10)

2-AA (1, 5, 10)

Pos. Cont.c

Vehicle control: water
T, toxic
Pos. Cont.--Positive Control with positive controls and amounts per plate in IJg indicated at the
bottom of the table: 4-NQNO, 4-nitroquinoline-N-oxide; NaNO2, sodium nitrite; 9-AA, 9-aminoacridine; 2-AAF, 2acetylaminofluorene; B[a]P, benzo[a]pyrene; 2-AA, 2-aminoanthracene
*, p<0.05; **, p<0.01 Statistically significant) differences between treatment and vehicle control
group using within levels pooled variance and a one-sided t-test with Ioglo transformed revertants/plate. No
statistically significant (p<0.05) dose responses observed using regression analysis and Ioglo transformed dose
levels and revertants/plate.
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Experiment 2
Plate Incorporation
Three replicate plates (treatment and vehicle control)
Substance

Amt/Plate (pg)

Revertants/Plate~
Mean + Std. Dev.
TA98

TA100

TA1535

TA1537

18.8 + 6.8

110.9 + 21.8

12.3 + 5.0

7.0 + 1.2

5

26.3 + 8.5

122.7 + 10.0

7.7 + 0.6

8.3 + 2.1

Wi~outS9
Veh. Cont.a
Test Mat.

Pos. Cont.c

15

20.7 + 9.5

125.0 + 26.9

7.0 + 1.4

6.3 + 1.5

5O

21.0 + 2.6

122.3 + 9.3

10.7 + 2.5

8.0 + 2.6

150

21.7 + 4.6

91.0 + 4.4

10.3 + 1.3

6.3 + 1.5

5OO

T

T

T

6.7 + 1.5T

level 1

30

136

149

26

level 2

71

1030

436

68

level 3

272

1890

1010

321

Wi~S9
Veh. Cont.a
Test Mat.

Pos. Cont.c

27.4±4.9

134.6±16.6

12.4±2.8

9.2±2.9

15

28.7±2.3

144.3±21.5

9.3±2.5

8.7±2.1

5O

30.0±3.6

143.3±24.0

9.3±2.3

13.0±5.7

150

32.0±4.4

124.0±5.0

10.3±2.1

8.3±2.1

5OO

26.3±4.0

85.0±41.9T

10.0±2.8T

7.7±0.6T

1500

24.0±8.5T

T

T

T

level 1

85

176

93

22

level 2

234

447

431

80

level 3

761

1470

708

T

Pos. Cont.-S9c

4-NQNO
(0.02, 0.1, 0.2)

4-NQNO (0.02,
0.1, 0.2)

NaNO2 (500,
2500, 5000)

9-AA (10, 50,
100)

Pos. Cont. +$9c

2-AAF (3, 15,
30)

B[a]P (0.2, 1, 2)

2-AA (1, 5, 10)

2-AA (1, 5, 10)

Vehicle control: water
T, toxic
Pos. Cont.--Positive Control with positive controls and amounts per plate in IJg indicated at the
bottom of the table: 4-NQNO, 4-nitroquinoline-N-oxide; NaNO2, sodium nitrite; 9-AA, 9-aminoacridine; 2-AAF, 2acetylaminofluorene; B[a]P, benzo[a]pyrene; 2-AA, 2-aminoanthracene
*, p<0.05; **, p<0.01 Statistically significant) differences between treatment and vehicle control
group using within levels pooled variance and a one-sided t-test with Ioglo transformed revertants/plate. No
statistically significant (p<0.05) dose responses observed using regression analysis and Ioglo transformed dose
levels and revertants/plate.
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Table 2. In Vitro Mammalian Cell Assays
Report Reference:

van de Waart (1995)

Author/Study Director:

E.J. van de Waart

Year:

1995

Title:

Evaluation of the Ability of Glyfosaat to Induce
Chromosomal Aberrations in Cultured Peripheral Human
Lymphocytes

Assay:

In Vitro Mammalian Cell Chromosome Aberration Assay

Report Identification Number:

Project 141918

Report Guideline Statement:

OECD 473 adopted May 26, 1983

Test Material:

GLYFOSAAT (Glyphosate) (96%)

Report Conclusion:

It is concluded that GLYFOSAAT is not clastogenic in
human lymphocytes under the experimental conditions
described in this report.

Control Materials
Negative (vehicle):
Positive :

dimethyl sulfoxide
mitomycin C and cyclophosphamide

Test system:

Blood samples were taken from healthy adult male
volunteers by venapuncture. Donor ages and average
generation times were 38 (15.0 hours), 28 (15.0 hours)
and 28 (14.9 hours) for the pilot study and experiments 1
and 2, respectively. Blood samples were stored between
4°and 25°C. Within 4 hours after withdrawal lymphocyte

Treatment/Harvest:

Lymphocyte cultures were established by addition of 0.4
mL of blood to 5 mL of F10 culture medium and 0.1 mL of
9 mg/mL of phytohemagglutinin. After culture for 48 hours
test substances were administered to duplicate cultures.
Cultures treated in the presence of $9 Mix were treated for
3 hours and then treatment medium was replaced with
fresh medium and incubation continued for 20-22 hours or
44-46 hours. Cultures treated in the absence of $9 Mix
were treated for 24 or 48 hours. During the last 3 hours of
culture cell division was arrested with 0.5 pg/mL colchicine.

Metabolic Activation:

$9 was prepared from male Wistar rats treated by i.p.
injection with 500 mg/kg Aroclor 1254. Animals were
sacrificed 5 days after treatment and a 9000xg ($9)
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supernatant was prepared from livers. $9 Mix contained
50% $9 and 0.2 mL of $9 Mix was added to 5.3 mL of
culture medium for metabolic activation treatment.
Main Study Toxicity Results:

Significant decreases in mitotic index were observed at
maximum dose levels tested except for 48 hours with $9.
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Summary data tables:
Expt 1. Summary table for 24 hour sampling time without $9 mix
Treatment

Treatment Level

Number of Cells with Aberrations (-gaps)a
Culture A

Culture B

Total

% Control
Metaphases/100
Cells

Solvent Control DMS0

0.9%

2

1

3

100

Glyphosate

33 IJg/mL

1

1

2

96

Glyphosate

100 IJg/mL

1

0

1

78

Glyphosate

237 IJg/mL

2

1

3

47

0.2 IJg/mL
Mitomycin C
27
23
50***
44
a Results are for number of aberrant cells per 100 cells scored for each duplicate culture excluding gaps.
*** Statistically different from control, p <0.001 by chi-square test
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Expt 1. Summary table for 48 hour sampling time without $9 mix
Treatment

Treatment Level

Number of Cells with Aberrations (-gaps)a
Culture A

Solvent Control DMS0

0.9%

Glyphosate

237 pg/mL

Culture B

Total

% Control
Metaphases/100
Cells
100

0

0

0

65

Mitomycin C
0.2 pg/mL
32
35
67***
83
a Results are for number of aberrant cells per 100 cells scored for each duplicate culture excluding gaps.
*** Statistically different from control, p <0.001 by chi-square test
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Expt 1. Summary table for 24 hour sampling time with $9 mix
Treatment

Treatment Level

Number of Cells with Aberrations (-gaps)a
Culture A

Culture B

Total

% Control
Metaphases/100
Cells

Solvent Control DMS0

0.9%

Glyphosate

237 IJg/mL

0

100
0

0

101

Glyphosate

333 IJg/mL

1

1

2

89

Glyphosate

562 IJg/mLb

1

3

4

55

15 IJg/mL
Cyclophosphamide
37
16
53***
33
a Results are for number of aberrant cells per 100 cells scored for each duplicate culture excluding gaps.
b Precipitate observed
*** Statistically different from control, p <0.001 by chi-square test
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Expt 1. Summary table for 48 hour sampling time with $9 mix
Treatment

Solvent Control DMS0

Treatment Level

0.9%

Number of Cells with Aberrations (-gaps)a
Culture A

Culture B

Total

1

0

1

% Control
Metaphases/100
Cells
100

562 IJg/mLb
Glyphosate
0
0
0
121
a Results are for number of aberrant cells per 100 cells scored for each duplicate culture excluding gaps.
*** Statistically different from control, p <0.001 by chi-square test
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Expt 2. Summary table for 24 hour sampling time without $9 mix
Treatment

Treatment Level

Number of Cells with Aberrations (-gaps)a
Culture A

Culture B

Total

% Control
Metaphases/lO0
Cells

Solvent Control DMS0

0.9%

0

0

0

Glyphosate

33 IJg/mL

100

0

0

0

84

Glyphosate

237 IJg/mL

3

0

3

61

Glyphosate

333 IJg/mL

1

1

2

34

0.2 IJg/mL
Mitomycin C
25
26
51"**
43
a Results are for number of aberrant cells per 100 cells scored for each duplicate culture excluding gaps.
*** Statistically different from control, p <0.001 by chi-square test
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Expt 2. Summary table for 24 hour sampling time with $9 mix
Treatment

Treatment Level

Number of Cells with Aberrations (-gaps)a
Culture A

Culture B

Total

% Control
Metaphases/100
Cells

Solvent Control DMS0

0.9%

Glyphosate

333 IJg/mL

2

100
3

5

93

Glyphosate

422 IJg/mL

2

0

2

78

Glyphosate

562 IJg/mLb

0

1

1

85

0.2 IJg/mL
Mitomycin C
26
27
53***
36
a Results are for number of aberrant cells per 100 cells scored for each duplicate culture excluding gaps.
b Precipitate observed
*** Statistically different from control, p <0.001 by chi-square test
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Report Reference:

Bakke (1991)

Author/Study Director:

J. P. Bakke

Year:

1991

Title:

Evaluation of the Potential of AMPA to Induce
Unscheduled DNA Synthesis in the In Vitro Hepatocyte
DNA Repair Assay Using the Male F-344 Rat

Assay:

In Vitro Primary Hepatocyte UDS

Report Identification Number:

2495-V01-91

Report Guideline Statement:

U.S. EPA FIFRA Guidelines, Subdivision F
OECD Guideline 473, adopted 26 may 1983

Test Material:

AMPA (94.38%)

Report Conclusion:

UDS levels did not increase above those of the negative
and solvent controls in either experiment after treatment of
the hepatocytes with AMPA. Therefore, on the basis of
our criteria for a positive response, AMPA is negative in
the in vitro rat hepatocyte DNA repair assay.

Control Materials
Negative (vehicle):
Positive :

culture medium
2-acetylaminofluorene

Test System:

Primary hepatocytes isolated from male Fischer-344 rats

Treatment:

Approximately 19 hours

Metabolic Activation:

No exogenous metabolic activation system

Main Study Toxicity Results:

Cytotoxicity was determined by microscopic observation
and was used to determine scoring at treatments just
below those exhibiting toxicity.

23
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Summary data table:
Experiments 1 and 2
Treatment

Experiment 1

Experiment 2

Net Grainsa
Mean + SE

% Cells
in Repair

Net Grainsa
Mean + SE

% Cells
in Repair

-15.3 + 2.7

3

-12.6 + 2.5

2

5

-17.3±1.4

0

-11.1±0.9

1

control medium
AMPA (pg/mL

10

-14.1±2.5

6

-12.7±2.2

2

5O

-13.9±3.1

1

-13.0±1.9

1

100

-17.8±3.1

2

-12.3±1.5

1

25O

nottested

-11.5±1.3

2

5OO

-18.6±2.7

0

-11.8±1.1

2

1000

-13.1±2.2

0

-11.6±1.2

2

2500

-12.9±1.8

1

-8.8±1.5

1

3800

nottested

toxic

5000

toxic

toxic

2-AAF (3 (pg/mL)
a Net grains in nucleus.

9.4 ±3.7

63

19.73.0

85
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Table 3. In Vivo Mammalian Assays
Report Reference:

Kier et al. (1992d)

Author/Study Director:

L. D. Kier (study director)
L. J. Flowers
M.B. Huffman

Year:

1992

Title:

Mouse Micronucleus Study of
Roundup® Herbicide Formation

Assay:

Mouse Bone Marrow Erythrocyte Micronucleus

Report Identification Number:

MSL-11771

Report Guideline Statement:

None

Test Material:

Roundup® Herbicide Formulation (31% glyphosate, acid
equivalent)

Report Conclusion Statement:

Based on the observations and findings of this study, it is
concluded that Roundup® herbicide formulation is not
genotoxic in vivo in mouse bone marrow cells under the
experimental conditions of the study.

Control Materials:
Negative (vehicle):
Positive:
Test System:

0.9% saline
cyclophosphamide
8 to 12 week old male and female CD-I mice

Exposure route:

i.p. injection (10 mL/kg body weight)

Animals per Treatment Group:

5 males and 5 females treated and scored for all groups
except 18 males and 22 females treated for high dose
group and 5 males and 5 females were scored for each
time point for high dose group.

Treatment/Harvest:

Single dose
Cells were harvested at 24, 48, and 72 hours post dosing
for test material and vehicle control treated animals and at
24 hours post dosing for positive control treated animals

Main Study Toxicity Results:

Dose levels for the main study were selected based on
toxicity range finding study data. The maximum dose
selected for testing in the micronucleus experiment was
555 mg/kg body weight (a dose greater than 80% of the
combined calculated LDs0 of 643 mg/kg). Other doses
selected were approximately 1/2 (280 mg/kg body
weight) and 1/4 (140 mg/kg body weight) of the maximum
dose.
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In the main micronucleus experiment, ROUNDUP
herbicide formulation was toxic to the male and female
mice dosed at the 555 mg/kg treatment level as evidenced
by clinical signs and death. Three deaths were observed
in the high dose level group (2/18 males and 1/22
females). No deaths were observed in other treatment or
control groups. Clinical signs of toxicity (listlessness and/or
unresponsiveness) were observed in high dose males and
females up to 48 hours after dosing. At the 72 hour time
point all remaining high dose level male and female mice
appeared normal. All animals in the mid and low dose
groups appeared normal throughout the experiment. All
positive and vehicle control animals also appeared normal
throughout the experiment.
Statistically significant decreases in mean body weight
were observed for the high dose male group animals
sacrificed at the 48, and 72 hour time points. A statistically
significant decrease in mean body weight was observed for
the male mid (dose group sacrificed at the 72 hour time
point.
A statistically significant decrease in the PCE/total
erythrocyte ratio was observed for the high dose male
group sacrificed at the 48 hour time point.
Cells Scored:

1000 polychromatic erythrocytes/animal for micronucleated
PCE’s (500 each for two scorers)
1000 erythrocytes/animal for PCE/erythrocytes (500 each
for two scorers)
Slides of bone marrow cells were coded prior to distribution
and slides were scored without knowledge of the treatment
or control group to which the slides belonged.
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Summary Data Table
Mouse Micronucleus Study - Mean Data
Treatment Group

Dose
Amount/kg

Harvest
Timec

Sex

Micronucleated
PCE’s
per 1000 PCE
Mean + Std. Dev.

PCE’s/Total
Erythrocyte Ratio
Mean + Std. Dev.d

24 Hours

Female

0.8 + 1.1

0.48 + 0.05

Male

1.4 + 0.5

0.43 + 0.04

Female

1.0 + 1.4

0.52 + 0.08

Male

0.8 + 0.8

0.49 + 0.03

Female

0.2 + 0.4

0.52 + 0.06

Male

2.2 + 0.8

0.50 + 0.04

Female

1.4 + 0.9

0.51 + 0.05

Male

1.8 + 3.0

0.40 + 0.05

Female

25.6 + 7.8**

0.51 + 0.04

Male

29.2 + 8.4**

0.49 + 0.06

Female

0.8 + 0.8

0.53 + 0.07

Male

1.2 + 2.2

0.49 + 0.04

Female

1.0 + 1.2

0.49 + 0.03

Male

1.6 + 2.5

0.50 + 0.05

Female

0.6 + 0.9

0.56 + 0.03

Male

1.0 + 1.2

0.48 + 0.06

Female

0.8 + 1.3

0.49 + 0.08

Male

1.6 +1.5

0.37 + 0.02**

Female

1.8 + 1.3

0.52 + 0.10

Male

2.4 + 1.1

0.54 + 0.09

Female

1.6 +0.5

0.59 + 0.07

Male

0.8+ 0.4

0.61 + 0.11

Female

1.0 + 1.0

0.61 + 0.10

Male

1.4+ 1.7

0.59+ 0.11

Female

0.2 + 0.4

0,56 + 0.17

Male

2.0 + 0.7

0.56 + 0.07

bwb

Negative Control

10 mL

(Vehicle)a
Roundup® Formulation

140 mg

24 Hours

Roundup® Formulation

280 mg

24 Hours

Roundup® Formulation

555 mg

24 Hours

Cyclophosphamide

Negative Control

40 mg

24 Hours

10 mL

48 Hours

Roundup® Formulation

140 mg

48 Hours

Roundup® Formulation

280 mg

(Vehicle)a

48 Hours

Roundup® Formulation

555 mg

48 Hours

Negative Control

10 mL

72 Hours

(Vehicle)a
Roundup® Formulation

140 mg

72 Hours

Roundup® Formulation

280 mg

72 Hours

Roundup® Formulation

555 mg

72 Hours

a

0.9%

saline

Single dose administered by i.p. injection
Hours after dose administration
Note that common negative and positive controls were used for Kier et al. 1992d, 1992e and 1992f.
p < 0.05; **p < 0.01 by one-sided Dunnett’s test. Square root transformed data used for statistical analysis of
micronucleated PCE
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Report Reference:

Kier et al. (1992e)

Author/Study Director:

L. D. Kier (study director)
L. J. Flowers
M.B. Huffman

Year:

1992

Title:

Mouse Micronucleus Study of
Rodeo® Herbicide Formation

Assay:

Mouse Bone Marrow Erythrocyte Micronucleus

Report Identification Number:

MSL-11772

Report Guideline Statement:

None

Test Material:

Rodeo® Herbicide Formulation (40% glyphosate, acid
equivalent)

Report Conclusion Statement:

Based on the observations and findings of this study, it is
concluded that Rodeo® herbicide formulation is not
genotoxic in vivo in mouse bone marrow cells under the
experimental conditions of the study.

Control Materials:
Negative (vehicle):
Positive:

0.9% saline
cyclophosphamide

Test System:

eight to twelve week old male and female CD-I mice

Exposure route:

i.p. injection (10 mL/kg body weight)

Animals per Treatment Group:

5 males and 5 females treated and scored for all groups
except 18 males and 18 females treated for high dose
group and 5 males and 5 females were scored for each
time point for high dose group.

Treatment/Harvest:

Single dose
Cells were harvested at 24, 48, and 72 hours post dosing
for test material and vehicle control treated animals and at
24 hours post dosing for positive control treated animals

Main Study Toxicity Results:

Dose levels for the main study were selected based on
toxicity rangefinding study data. The maximum dose
selected for testing in the micronucleus experiment was
3400 mg/kg body weight (approximately 80% of the
combined calculated LD50 of 4239 mg/kg as determined by
the Probit method) and other doses selected were
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approximately 1/2 (1700 mg/kg body weight) and 1/4 (850
mg/kg body weight) of the maximum dose.
The high dose level was an acceptable maximum dose
level as judged by several measures. This dose level was
approximately 80% of the LD50 determined in toxicity
rangefinder experiments and induced a ’low incidence of
death in high dose level group females (1/18 treated).
Clinical signs of toxicity were observed in male and female
mice of both the high and mid dose levels and body weight
effects were observed in high dose level males at 72 hours
after dosing. Additionally, a reduction in the
PCE/erythrocyte ratio compared to control values was
observed in the high dose level female group sacrificed at
48 hours after dosing suggesting effects on the bone
marrow.
Cells Scored:

1000 polychromatic erythrocytes/animal for micronucleated
PCE’s (500 each for two scorers)
1000 erythrocytes/animal for PCE/erythrocytes (500 each
for two scorers)
Slides of bone marrow cells were coded prior to distribution
and slides were scored without knowledge of the treatment
or control group to which the slides belonged.
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Summary Data Table
Mouse Micronucleus Study - Mean Data
Treatment Group

Dose
Amount/kg

Harvest
Timec

Sex

Micronucleated
PCE’s
per 1000 PCE
Mean±Std. Dev.

PCE’s/Total
Erythrocyte Ratio
Mean + Std. Dev.

24 Hours

Female

0.8±1.1

0.48±0.05

Male

1.6±0.9

0.43±0.04

Female

1.4±1.7

0.52±0.03

Male

0.6±0.5

0.49±0.04

Female

1.6±1.7

0.50±0.03

Male

1.2±1.3

0.51±0.03

Female

2.0±1.6

0.49±0.03

Male

1.6±1.1

0.48±0.08

Female

25.6±7.8**

0.51±0.04

Male

29.2±8.4**

0.49±0.06

Female

0.8±0.8

0.53±0.07

Male

1.2±2.2

0.49±0.04

Female

2.0±1.0

0.52±0.11

Male

0.8±1.3

0.49±0.01

Female

0.8±0.4

0.54±0.04

Male

1.4±0.9

0.49±0.02

Female

0.6±0.9

0.40±0.05*

Male

1.4±1.1

0.44±0.05

Female

1.8±1.3

0.52±0.10

Male

2.4±1.1

0.54±0.09

Female

1.4±0.5

0.65±0.06

Male

2.6±1.5

0.65±0.13

Female

0.6±0.5

0.59±0.09

Male

1.4±1.7

0.64±0.15

Female

1.6±2.1

0.66±0.06

Male

1.4±1.1

0.57±0.03

bwb

Negative Control
(Vehicle)a

10 mL

Roundup® Formulation

850 mg

24 Hours

Roundup® Formulation

1700 mg

24 Hours

Roundup® Formulation

3400 mg

24 Hours

Cyclophosphamide

40 mg

24 Hours

Negative Control
(Vehicle)a

10 mL

48 Hours

Roundup® Formulation

850 mg

48 Hours

Roundup® Formulation

1700 mg

48 Hours

Roundup® Formulation

3400 mg

48 Hours

Negative Control
(Vehicle)a

10 mL

72 Hours

Roundup® Formulation

850 mg

72 Hours

Roundup® Formulation

1700 mg

72 Hours

Roundup® Formulation

3400 mg

72 Hours

a

0.9%

saline

Single dose administered by i.p. injection
Hours after dose administration
< 0.05; **p < 0.01 by one-sided Dunnett’s test. Square root transformed data used for statistical analysis of
micronucleated PCE
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Report Reference:

Kier et al. (1992f)

Author/Study Director:

L. D. Kier (study director)
L. J. Flowers
M.B. Huffman

Year:

1992

Title:

Mouse Micronucleus Study of Direct® Herbicide
Formulation

Assay:

Mouse Bone Marrow Erythrocyte Micronucleus

Report Identification Number:

MSL-11773

Report Guideline Statement:

None

Test Material:

DIRECT® Herbicide Formulation (72% glyphosate acid
equivalent)

Report Conclusion Statement:

Based on the observations and findings of this study, it is
concluded that DIRECT herbicide formulation is not
genotoxic in vivo in mouse bone marrow cells under the
experimental conditions of the study.

Control Materials:
Negative (vehicle):
Positive:

0.9% saline
cyclophosphamide

Test System:

eight to twelve week old male and female CD-I mice

Exposure route:
Animals per Treatment Group:

i.p. injection (10 mL/kg body weight)
5 males and 5 female treated and scored for all groups
except 18 males and 18 females treated and 5 males and
5 females were scored for each time point for high dose
group.

Treatment/Harvest:

Single dose
Cells were harvested at 24, 48, and 72 hours post dosing
for test material and vehicle control treated animals and at
24 hours post dosing for positive control treated animals

Main Study Toxicity Results:

Dose levels for the main study were selected based on
toxicity range finding study data. The maximum dose
selected for testing in the micronucleus experiment was
365 mg/kg body weight (a dose greater than 80% of the
combined calculated LDs0 1 of 436 mg/kg). Other doses
selected were approximately 1/2 (183 mg/kg body
weight) and 1/4 (91 mg/kg body weight) of the maximum
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dose.
In the micronucleus experiment DIRECT herbicide
formulation was toxic to male and female mice in the mid
and high dose levels. One death was observed in the high
dose level female group (1/18 treated). No deaths were
observed in any other treatment or control groups. Clinical
signs of listlessness were observed in high dose level male
and female mice immediately and 3-5 hours after dosing.
Listlessness was also observed in two mid dose level
female mice immediately after dosing and in four male
mice at 24 hours after dosing.
Cells Scored:

1000 polychromatic erythrocytes/animal for micronucleated
PCE’s (500 each for two scorers)
1000 erythrocytes/animal for PCE/erythrocytes (500 each
for two scorers)
Slides of bone marrow cells were coded prior to distribution
and slides were scored without knowledge of the treatment
or control group to which the slides belonged.
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Summary Data Table
Mouse Micronucleus Study - Mean Data
Treatment Group

Dose
Amount/kg

Harvest
Timec

Sex

Micronucleated
PCE’s
per 1000 PCE
Mean±Std. Dev.

PCE’s/Total
Erythrocyte Ratio
Mean + Std. Dev.

24 Hours

Female

0.8±1.1

0.48±0.05

Male

1.6±0.9

0.43±0.04

Female

0.6±0.9

0.57±0.05

Male

0.6±0.5

0.49±0.04

Female

1.4±2.1

0.51±0.05

Male

2.0±1.6

0.49±0.05

Female

1.2±0.8

0.45±0.09

Male

1.0±1.0

0.49±0.06

Female

25.6±7.8**

0.51±0.04

Male

29.2±8.4"*

0.49±0.06

Female

0.8±0.8

0.53±0.07

Male

1.2±2.2

0.49±0.04

Female

1.0±1.4

0.48±0.08

Male

1.2±1.8

0.47±0.06

Female

1.8±3.0

0.53±0.04

Male

1.0±0.7

0.51±0.07

Female

0.6±0.5

0.49±0.08

Male

1.2±0.8

0.50±0.08

Female

1.8±1.3

0.52±0.10

Male

2.4±1.1

0.54±0.09

Female

1.4±1.1

0.56±0.06

Male

2.6±1.7

0.60±0.04

Female

1.2±1.3

0.63±0.06

Male

2.0±1.6

0.59±0.07

Female

1.8±0.8

0.60±0.04

Male

0.8±0.4

0.65±0.03

bwb

Negative Control
(Vehicle)a

10 mL

Direct® Formulation

91 mg

24 Hours

Direct® Formulation

183 mg

24 Hours

Direct® Formulation

365 mg

24 Hours

Cyclophosphamide

Negative Control

40 mg

24 Hours

10 mL

48 Hours

Direct® Formulation

91 mg

48 Hours

Direct® Formulation

183 mg

(Vehicle)a

48 Hours

Direct® Formulation

365 mg

48 Hours

Negative Control

10 mL

72 Hours

(Vehicle)a
Direct® Formulation

91 mg

72 Hours

Direct® Formulation

183 mg

72 Hours

Direct® Formulation

365 mg

72 Hours

a

0.9%

saline

Single dose administered by i.p. injection
Hours after dose administration
*p < 0.05; **p < 0.01 by one-sided Dunnett’s test. Square root transformed data used for statistical analysis of
micronucleated PCE
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Report Reference:

Kier and Stegeman (1993)

Author/Study Director:

L. D. Kier (study director)
S.D. Stegeman

Year:

1993

Title:

Mouse Micronucleus Study of AMPA

Assay:

Mouse Bone Marrow Erythrocyte Micronucleus

Report Identification Number:

MSL-13243

Report Guideline Statement:

None

Test Material:
Report Conclusion Statement:

aminomethylphosphonic acid (AMPA) (94.38%)
The observations and findings of this study indicate that
AMPA does not induce micronuclei in vivo in mouse bone
marrow cells under the experimental conditions of the
study.

Control Materials:
Negative (vehicle):
Positive:

corn oil
cyclophosphamide

Test System:

seven to ten week old male and female CD-1 mice

Exposure route:

i.p. injection (10 mL/kg body weight)

Animals per Treatment Group:

5 males and 5 females per group and time point

Treatment/Harvest:

Single dose
Cells were harvested at 24, 48, and 72 hours post dosing
for test material and vehicle control treated animals and at
24 hours post dosing for positive control treated animals

Main Study Toxicity Results:

The selection of the maximum dose for the micronucleus
experiment was based on the calculated combined LD50
value of 1357.7 mg/kg and on the observed signs of
toxicity in the treated males and females. The maximum
dose level, 1000 mg/kg, was approximately 74% of the
combined LDs0 value and was selected as a single dose
that might insure a reasonable chance to achieve
observable signs of toxicity but allow survival of the treated
animals through the 72 hour time point. Two additional
lower doses (100 and 500 mg/kg body weight) were also
selected for testing.
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In the main micronucleus experiment, toxicity was
observed in the mid and high dose level male and female
groups. Statistically significant decreases in mean body
weight change were observed for the mid (500 mg/kg) and
high (1000 mg/kg) dose level male groups sacrificed 48
hours after dosing, and for the mid dose level female group
sacrificed 24 and 72 hours after dosing. The mean body
weight changes observed for the treated males sampled at
48 hours exhibited a dose-response pattern. An increase
in mean weight loss was observed as the treatment level
increased with the highest two doses (3-4 fold over
concurrent control values) giving statistically significant
decreases when compared to vehicle controls. Clinical
signs of listlessness were observed at 500 and 1000 mg/kg
treatment levels for both sexes; however, the male treated
groups had significantly more observations than the female
treated groups. No deaths or clinical signs were observed
in any of the other AMPA treated groups or control groups
(vehicle and positive control). No statistically significant
decreases in mean PCE/total erythrocyte ratio were
observed for any of the AMPA treated groups or control
groups.
Cells Scored:

1000 polychromatic erythrocytes/animal for micronucleated
PCE’s (500 each for two scorers)
1000 erythrocytes/animal for PCE/erythrocytes (500 each
for two scorers)
Slides of bone marrow cells were coded prior to distribution
and slides were scored without knowledge of the treatment
or control group to which the slides belonged.
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Summary Data Table
Mouse Micronucleus Study - Mean Data
Treatment Group

Dose
Amount/kg

Harvest
Timec

Sex

Micronucleated
PCE’s
per 1000 PCE
Mean + Std. Dev.

PCE’s/Total
Erythrocyte Ratio
Mean + Std. Dev.

24 Hours

Female

1.0 + 1.4

0.40 + 0.10

Male

0.2 + 0.4

0.40 + 0.05

Female

0.8 + 0.8

0.48 + 0.06

Male

0.2 + 0.4

0.42 + 0.07

Female

2.0 + 2.9

0.38 + 0.12

Male

0.1 + 0.3

0.43 + 0.05

Female

0.8 + 0.8

0.41 + 0.06

Male

0.8 + 1.3

0.42 + 0.09

Female

12.0 + 12.3"

0.48 + 0.05

Male

18.3 + 10.9"*

0.43 + 0.06

Female

0.4 + 0.9

0.50 + 0.07

Male

0.6 + 1.3

0.48 + 0.05

Female

0.2 + 0.4

0.42 + 0.08

Male

0.0 + 0.0

0.44 + 0.07

Female

0.2 + 0.4

0.49 + 0.02

Male

0.6 + 0.9

0.54 + 0.09

Female

0.0 + 0.0

0.45 + 0.08

Male

0.2 + 0.4

0.46 + 0.07

Female

0.0 + 0.0

0.52 + 0.04

Male

0.2 + 0.4

0.56+ 0.02

Female

1.6 + 1.1"

0.63 + 0.09

Male

0.0 + 0.0

0.51 + 0.02

Female

0.8 + 0.8

0.62 + 0.04

Male

0.0 + 0.0

0.50 + 0.07

Female

0.4 + 0.9

0.58 + 0.06

Male

0.0 + 0.0

0.51 + 0.03

bwb

Negative Control
(Vehicle)a

10 mL

AMPA

100 mg

24 Hours

AMPA

500 mg

24 Hours

AM PA

1000 mg

24 Hours

Cyclophosphamide

40 mg

24 Hours

Negative Control
(Vehicle)a

10 mL

48 Hours

AMPA

100 mg

48 Hours

AMPA

500 mg

48 Hours

AM PA

1000 mg

48 Hours

Negative Control
(Vehicle)a

10 mL

72 Hours

AMPA

100 mg

72 Hours

AMPA

500 mg

72 Hours

AMPA

1000 mg

72 Hours

a corn oil
b Single dose administered by i.p. injection
c Hours after dose administration
*p < 0.05; **p < 0.01 by one-sided Dunnett’s test. Square root transformed data used for statistical analysis of
micronucleated PCE.
Historical control data for 72 h time point females: number 45 (9 studies); mean + s.d.: 1.356 + 1.569; range: 0.00 2.40
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