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Abstract

Agricultural genetically modified organisms (GMOs) are plants obtained by gene transfer or more recently by gene-
editing. Their major common phenotypic trait for which 99% have been modified is that these are designed to be
grown with pesticides, which may bioaccumulate in the plants and/or the consumer, and/or express insecticides in
their cells. Examples of both types are Roundup-tolerant soy and corn and Bt insecticidal plants. Recently, Steinberg
et al. concluded that there were no adverse effects in rats from consumption of a GM corn tolerant to Roundup,
called NK603, and that no other long-term studies are justified. This contradicts several of our in vivo studies on the
short- and long-term toxicological effects of either the same GMO, other GMOs, or the pesticide Roundup itself. Our
results were attributed in particular to the long-term in vivo effects of Roundup residues, which also present toxic
and endocrine-disrupting effects in vitro. These effects were clearly linked to the formulants of the pesticide, such as
petroleum residues and heavy metals, and not to glyphosate alone. In fact, the treated rats in Steinberg et al's experi-
ment showed many adverse effects, some of which, including increased mortality in males fed GM corn + Roundup,
were statistically significant. Other adverse effects affected both treated and control groups. The latter trend may be
due to contamination of the feed of the control animals by many carcinogenic pollutants, including pesticides, but
also by Roundup residues and Roundup-tolerant GMOs. For instance, glyphosate contained in Roundup was found to
be 300-1400 times more elevated in their control feed than in our treated group. In conclusion, Steinberg et al’s study
is invalidated by the contaminated feed, biased interpretations, and major undeclared conflicts of interest.

Introduction

For over a decade, a scientific and public debate has con-
tinued about the assessment of the long-term health and
environmental effects of agricultural GMOs (geneti-
cally modified organisms) [1]. While this debate has
until recently focused on GMOs obtained by transgene
insertion, it is now expanding to include more recent
genetic engineering techniques, so-called gene-editing
techniques (or mutagenesis techniques). All are finally
GMOs, and 99% of those which are cultivated on a large
scale share a common phenotype: they have been modi-
fied to tolerate an herbicide, such as Roundup-tolerant
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soy, and/or to produce an insecticide, such as Bt corn.
This has not changed over the last 25 years [1]. There-
fore, a primary and important toxicity question regarding
these GMOs is quite straightforward. Do these pesticides
and their metabolites have direct or indirect effects on
health over the long term? The question of the risks of
the genetic modification per se, when not associated with
pesticides, appears theoretical, since in real farming con-
ditions these plants are designed to be grown with pesti-
cides and/or to express them in their cells. Pesticides do
include herbicides, insecticides, and fungicides.

Background

In the summer of 2019, the authorization for the con-
sumption of a genetically modified (GM) corn, NK603,
engineered for tolerance to Roundup as well as many
similar GMOs, was renewed in the European Union. The
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scientific basis for the European Food Safety Authority
(EFSA) review lies especially on a new paper by Steinberg
et al. [2], which concludes that there are no long-term
effects from consumption of this corn.

Back in 2005, we demonstrated the differential toxic-
ity between glyphosate and Roundup (the most widely
used herbicide in the world) on human cells. We found
that Roundup contained formulants that were 1000 times
more toxic than glyphosate, but these were declared as
inert and their identity was kept confidential [3]. This has
been extensively confirmed in the literature in different
models [4]. We then demonstrated that Roundup had a
far greater capacity than glyphosate to disrupt hormones
at lower non-toxic levels, in vitro [5] and then in vivo
over a short-term period in mammalian testes [6]. We
progressively characterized by mass spectrometry the
undeclared compounds present in Roundup from 2013
to 2018, that were composed of oxidized petroleum resi-
dues [7] and heavy metals such as arsenic [8]. The latter
compound was declared as pesticide in the past and was
banned for this use in the 1970s.

We logically investigated and initially published [9]
in 2012 the long-term health effects of this mixture on
mammals, using the formulated herbicide Roundup at
very low levels comparable to those found contaminat-
ing water or food and feed, in particular through the
consumption of Roundup-tolerant GMOs. This class
of GMOs represents by far most cultivated agricultural
GMOs (80%), without the GM plants being only insecti-
cidal and not herbicide-tolerant.

Since then, some internal mails from Monsanto
Company (the company responsible for testing and
first commercializing the herbicide and the GM corn
NK603, now owned by Bayer), were obtained as a
result of US cancer litigation and are included in the
so-called Monsanto Papers [10, 11]. The emails dem-
onstrated that Monsanto knew at least since 2000 that
the glyphosate-only assessment—as practised in regula-
tory evaluations worldwide—was not enough to deter-
mine possible adverse effects on the health of humans,
animals and the environment. The emails further dem-
onstrated that since 2005 Monsanto has attempted to
destroy my team’s work and reputation, in particular by
recruiting third-party, supposedly independent experts
at the highest levels to voice ghost-written and biased
arguments (Henry Miller or Wallace Hayes, for instance
[10-12]), who did not, however, publicly disclose their
links with Monsanto. This is highly linked to the dis-
covery of the formulants toxicity present in Roundup
or Roundup-tolerant GMOs. The defamation campaign
reached a peak in 2012 after we first published a study
demonstrating the long-term effects of Roundup at
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0.1 ppb and of a Roundup-tolerant GMO, NK603 corn,
both sprayed with Roundup and unsprayed, in rats. The
study found that breast tumours and disorders of the
sex hormones were related to the consumption of this
pesticide, like other important liver and kidney diseases
[9].

The paper was retracted 1 year later by the journal’s
Editor-in-Chief, Wallace Hayes, for the highly unu-
sual—indeed, unprecedented—reason of “inconclu-
siveness”. Hayes admitted that no fraud or errors were
found in the paper [13, 14]. It subsequently emerged
from the Monsanto Papers that Hayes had a contrac-
tual relationship with Monsanto, which he failed to
declare [10, 11]. Moreover, Richard Goodman who had
assessed the same GM corn for Monsanto became an
assistant of the Editor-in-Chief for that purpose [12].

Scientific arguments defending our work were sub-
sequently published in the same journal in 2013 [15].
Consequently, the study itself was republished in 2014
[16] in Environmental Sciences Europe. Moreover, the
long-term effects of Roundup identified in the origi-
nal study (administered over a 2-year period in drink-
ing water at 0.1 ppb), namely toxicity to the kidney and
liver, were more recently confirmed by transcriptomic,
proteomic, and metabolomic analyses [17, 18]. Breast
tumours and disorders of the sex hormones are related
to the consumption of this pesticide according to our
work [16]. Metabolic disruptions were evidenced in the
same GMO [19]. Despite all these new confirmations,
however, criticisms of our work continue to be organ-
ized and ghost-written by Monsanto [10, 11].

While science progresses through questioning, criti-
cism, and further experiments, the controversy that
resulted from Monsanto’s scientifically unjustified cam-
paign never was meant to contribute to the scientific
process by pushing the border of knowledge forward.
It was solely designed to confuse and mislead regula-
tors to ignore our research and to authorize this class of
GMOs for release into the food and feed supply chain.

In this context, to supposedly reassess our work, on
February 12, 2019, a paper was published [2] that con-
cluded that Monsanto’s GM corn NK603 had no harm-
ful effects on Wistar rats. Certain media outlets rushed
to affirm that our studies demonstrating the corn’s tox-
icity were thereby proven false [20].

The question of how GMOs and pesticides are
assessed for safety by regulators in countries around
the globe is still a matter of intense debate. Controversy
has also arisen over the patents attached to GM food
plants and the dependence of GM herbicide-tolerant
crops on applications of synthetic pesticides, which are
also products of the same petrochemical and biotech-
nology industry [21].
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Decryption

Almost 7 years after our research showed Roundup and
Roundup-tolerant GM corn to be toxic, we welcomed the
intention of a detailed study inspired by half of our work,
which is quoted in the first few words of the summary of
Steinberg et al. [2]. “Half of our work’, because the test-
ing of long-term effects of Roundup alone at environ-
mental levels (0.1 ppb) on a diet without pesticides was
not accomplished nor tested in Steinberg et al’s work, in
contrast with ours, as indicated by these authors. GMOs
treated with Roundup were tested as feed in compari-
son to controls, which we also did, but with the opposite
results. The goal of this discussion is to analyse the rea-
sons for the discrepancies in results, especially because
these are the only two long-term feeding studies on this
matter. Steinberg et al. used a different rat strain called
Wistar Han RCC versus Sprague-Dawley used by Seralini
et al. [16] and, notably, by Monsanto in their 90-day rat
feeding study which first allowed the authorization of
consumption in the world [22]. The Wistar Han rat is
considered less sensitive than the Sprague-Dawley strain,
without real proof. Steinberg et al. [2] also used a larger
number of animals, as is suited for a carcinogenicity
study. In contrast, we followed a long-term toxicity pro-
tocol. Our retracted and republished rat study [9, 16]
was originally not even meant to be a cancer study; this
was indicated in the paper. Therefore, the experimen-
tal design and number of rats was consistent to OECD
452 when it began in 2008; at this time the 1981 norms
were routinely used; although there was no guidelines for
GMOs, we had to adapt and improve these [15]. How-
ever, as tumours were developing at higher rates in the
treatment groups, we were required to report this as an
indicator for other serious effects that must be followed
up. Steinberg et al. [2] also benefited from far more fund-
ing than our pioneering study.

The serious deficiencies of Steinberg’s protocol:
glyphosate-based residues at high levels everywhere, even
in controls when studying a glyphosate-tolerant GMO
With regard to GM maize, there was a control group with
supposedly no GM feed in the Steinberg study, another
group fed GMO corn unsprayed with Roundup, and
a group fed GMO corn sprayed with Roundup, but the
feed made from these plants, as well as the control group
feed, were all contaminated with 30—140 ppb of this pes-
ticide (i.e. pg/kg, corresponding to 300—-1400 times more
of glyphosate and thus the other Roundup residues than
the levels we found to be toxic in our study [16]. This is
explained in Steinberg et al’s paper (in [2] discussion, 1st
column, 2nd paragraph), as well as in another publication
from the same group, specifically on the contamination
of their feed [23, 24]. This increases the background level

Page 3 of 7

of serious diseases in the controls, preventing any specific
observable effect of the GMO treatment on animals.
Given such neglect of the contamination issue, we
would have stopped there instead of drawing scientifi-
cally inadequate conclusions. The glyphosate contamina-
tion was due probably to a mix with another transgenic
plant tolerant to Roundup, such as soybean or rapeseed.
But Steinberg et al. [2] continued with their long-term
toxicity study with that contaminated diet. They con-
sider that the glyphosate detected “has no harmful effect”
(discussion, 1st column, 2nd paragraph) since “It shows
no genotoxic or carcinogenic potential in mice and rats’,
according to EFSA. This could be considered as biased
and selective citing of non-experimental opinions from
EFSA. However, this agency of the European Union was
compromised on this issue, according to several inves-
tigations that led to resignations [25]. The debate is still
ongoing between supporters of the World Health Organ-
ization’s International Agency for Research on Cancer
(IARC), which declared glyphosate a possible carcinogen
[26], and supporters of other regulatory agencies, includ-
ing EFSA and the European Chemicals Agency (ECHA),
which stated that it does not pose a carcinogenic risk.

A second serious mistake: many other carcinogenic
compounds in controls masking any long-term observable
effect of the treatment

In addition, the oxidized petroleum residues [7] and arse-
nic and other heavy metals formulants found in Roundup
[8] must be taken into consideration, because these are
by themselves carcinogenic and endocrine disruptors.
This is a serious and inexcusable gap in the scientific
assessment, which gives rise to a major methodological
and interpretive bias.

Steinberg et al. [2] also confuse the terms glyphosate
and Roundup, while we have identified from 2013 to 2018
the presence of toxic residues alongside glyphosate [7,
8]. Moreover, the rat feed in Steinberg et al’s experiment
contained 70-290 ppb arsenic/fresh weight arsenic [23,
24], suggesting that all animal groups were subjected to
its chronic toxicity. This by itself may mask the possible
effects of the studied GMO over the long term.

Steinberg et al’s control diets, as well as the treat-
ment diets, were contaminated with many other pol-
lutants (results, end of 1st column [2]): dioxins and
furans, PCBs, PAHs, mycotoxins and nitrosamines in
“low and similar” amounts [23]. All diets also contain
pesticides: 2-phenylphenol, cypermethrin, deltame-
thrin, tetramethrin, ethoxyquin, piperonyl butoxide,
pirimiphosmethyl, N-desethyl-pirimiphos-methyl and
propiconazole, and glyphosate, as well as the glypho-
sate metabolite AMPA. As they are supposed to be
below the regulatory limits (which we have repeatedly
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indicated to be inadequate [4] since these were never
tested in long-term studies with the toxic formulations
of pesticides), “they could not affect the health of rats
in any way’; according to the authors (results, 2nd col-
umn, 1st paragraph [2]). But this assertion can be ruled
out by experts on this domain since combined effects of
mixtures, as well as endocrine and carcinogenic effects,
are all possible from these contaminants [27], which are
effectively observed in their controls.

This contamination and the justification given in the
paper [2] are therefore, scientifically not acceptable. In
order to avoid such problems, in our study, we fed the
control animals with plants specially grown without
pesticides, using organic farming methods. This is the
correct way to study and compare the effect of a pesti-
cide or a GMO that contains a pesticide in the diet of
the treated group. These organic methods have been
proven to yield crops that test negative for pesticides
in comparison to pesticide-treated neighbouring ones
[28].

In 2015, we published a study [29] showing the heavy
contamination of commercial laboratory animal feeds
with pesticides and many other pollutants even in regu-
latory experiments. We concluded that tumours that
arise in animals fed such diets cannot be assumed to be
“spontaneous” or naturally occurring. We had 5-8 times
fewer tumours and diseases in our pesticide-free control
rats than did Steinberg et al. [2]. This key finding could
be explained by the lack of contaminants in our diets,
which were therefore able to highlight any effects from
the GMO and/or the Roundup. It is also important to use
a rat strain susceptible to tumours because Homo sapiens
is also highly susceptible to cancer. However, the differ-
ential sensitivity between the different rat strains is not so
obvious if all the chemical contaminants are not carefully
measured in their environment and diets.

A third serious mistake: many other glyphosate-tolerant
GMOs and others in controls
The contamination of the foods of Steinberg’s control
diets does not stop there. They contain GM corn NK603,
albeit in “non-quantifiable” traces (Results [2], “Feed
composition analysis”), which are supposed to “not influ-
ence the feeding trials in any way”. However, no evidence
is presented to support this assumption. Steinberg et al’s
diets also contain many other types of GMO, as they
admit in their raw data (various GMOs and their associ-
ated pesticides contaminate commercial laboratory ani-
mal feeds, as explained above).

This highlights the negligence in the production
of the diets. The presence in the diets of numerous
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contaminants biases the experiment towards finding “no
effect” from the test substances.

The results from Steinberg et al.: major biases

and subjective interpretations

In fact, many rats, including in the control and treated
groups in Steinberg et al’s experiment had tumours and
cancers in various organs after 2 years. According to the
authors, they arose spontaneously, and comparably in all
groups, but for us they could be explained by the contam-
ination of their feed. Their very high level may mask any
treatment-related effect.

No research was done on the chronology of the appear-
ance of the tumours or their size compared with controls,
contrary to our experiment. The chronology of mortal-
ity was not studied. Steinberg et al. studied two differ-
ent doses of the GMO, whereas we studied three. When
only two doses are studied, no dose-related effect can be
investigated.

The authors considered a priori that all the feed con-
taminations would have no effect. This is only their sub-
jective opinion, and many indications that we have cited
can prove the contrary.

High mortality rates in males fed GM NK603 corn

In spite of the many weaknesses of the study design,
Steinberg et al. [2] still found significant differences, most
notably in male mortality, which was higher in the ani-
mals fed the GM corn sprayed with Roundup for 2 years
(Table 12).

In addition, increased incidence of pituitary neoplasia,
and disorders of the sex hormones estradiol and thyroid
in females were also noticed by them (discussion [2]). We
also showed such differences many years ago in Seralini
et al. [12, 16]. Steinberg et al. dismissed these effects
as “not... adverse” due to the lack of histopathological
alterations in the estrogen-sensitive tissues and organs.
However, lesions can be missed in the histopathological
sectioning, and/or some functional alterations that have
biological effects on the organism may not result in histo-
pathological changes. It is not the place of Steinberg et al.
to dismiss such changes based on assumptions, like EFSA
or industry conclude, particularly in a research study
conducted with the aim of revealing any health risk to
humans. Moreover, the histopathological sections are not
shown even in supplementary data [24], and thus cannot
be analysed by others to confirm or refute the interpreta-
tion of Steinberg et al.

Steinberg et al. dismiss some statistically significant
differences in treatment groups as not biologically rel-
evant since they are “small” or “not dose-related’, the lat-
ter meaning there should be an effect proportional to
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the dose of the GMO. However, such assertions are not
scientifically justifiable [29]. A dose-related observation
begins with three doses and not two according to OECD.
Moreover, an effect that is statistically significant should
not be dismissed as “small” and the effects of hormone
disruptors are often not proportional to the dose.

In order to dismiss the differences, the authors compare
the effects observed in this experiment with the “historical
control data” obtained from the previous feeding trials
conducted under the related GRACE program or oth-
ers. This use of unrelated historical control data violates
the Test Guidelines of the Organisation for Economic
Cooperation and Development (OECD) on the conduct
and design of chronic toxicity and carcinogenicity stud-
ies [30]—guidelines that Steinberg et al. cite in their
paper. The OECD states, “the concurrent control group is
always the most important consideration” when consid-
ering the effects of the treatment under test.

We also oppose such lax approaches, which can only
lead to the underestimation of potential toxicological
effects. All differences must be carefully considered, and
a precautionary approach taken, which favours the inves-
tigation rather than neglect of risks, since this is the last
stage of biosafety research before mass consumption by
animal and human populations. No clinical trials are
made for food.

Surprisingly, the authors finally conclude from all this
that we should no longer bother to conduct long-term
studies on agricultural GMOs in general, which is con-
trary to the spirit of scientific inquiry and (more impor-
tantly) is not supported by the concerning results that
were found in spite of the methodological weakness of
the study. We strongly disagree, even if it is the same
reasoning for Monsanto, industry and EFSA that has
allowed commercial release on this basis.

Serious undeclared conflicts of interests at many levels
Pablo Steinberg declares that he has no conflict of inter-
ests in the article he publishes on these results and their
interpretations, which we have revealed as very lax, in
accordance with Monsanto’s practices that we had coun-
ter-appraised and published [31].

However, his published paper mentions that he sub-
contracted some of the analyses to the Covance Labora-
tory in Madison, Wisconsin, USA, in which Monsanto
has invested and performed many studies with the same
GMO and others. These studies [22] had previously
shown bias, which we previously documented in detail
[32-35].

In addition, Steinberg noted that he was an expert
for the International Life Science Institute (ILSI) in his
declaration of interest on another public document for
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G-TwYST, the acronym for this experiment [2]. ILSI was
chaired by Monsanto and it is well known as an industry-
funded lobbying organization [36] which has worked to
weaken regulation and testing, including of GMOs and
pesticides, and is supportive of their use [37].

Pablo Steinberg also sat on the BfR Committee; i.e.
the German risk assessment agency responsible for the
evaluation of glyphosate. This agency copy-pasted whole
passages of the evaluation written by Monsanto and has
come under severe scrutiny because of this practice [38].

We also note that Pablo Steinberg has been (and is still)
an adviser, since 2005, to the Danone Institute. The group
of the same name is a member of ILSI. The publication
of our 2012 study motivated Steinberg’s work because
we found many risks for this GMO and Roundup. But
is now proven, thanks to the Monsanto Papers, that as
soon as our study was published, a senior member of
the Danone group coordinated the contacts between
Monsanto and the French government [39] that led the
latter not to take our research into account at the regula-
tory level. If our research had been considered, it would
have provoked a ban on GM NK603 corn and Roundup.
Danone has molecular biology laboratories that pro-
duce genetically modified microorganisms for yogurts
and other products. Monsanto has subsequently carried
out an until then unprecedented defamation campaign
against us, through a “scientific community” constructed
by and consisting of ILSI members and other long-time
industry-aligned scientists or influenced by these ones.
These facts were revealed in the seven libel suits that we
brought and won against these lobbies from 2011 to 2017
[40].

For all these reasons, the findings and conclusions of
Steinberg et al’s study [2] are unreliable, and the paper
should be retracted, and the results deleted from regula-
tory appraisals and risk assessments.
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