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and
Monica Hawkins, Ph.D., MPH
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Pesticide Re-Evaluation Division (PRD; 7505P)

Executive Summary

HED previously completed a human-health risk assessment scoping document for glyphosate to
support the Registration Review of glyphosate (Memo, J. Langsdale et al., 3-JUN-2009;
D362745). In that memo, HED evaluated the status of the human-health assessments for
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glyphosate to determine if sufficient data are available and if any updates are required to support
Registration Review. HED considered the most recent human-health risk assessment for
glyphosate (Memo, J. Tomerlin, 29-Sep-06, D321992); the most recent human-health risk.
assessment for glyphosate applied to transgenic crops (Memo, T. Bloem, 18-Mar-08, D345923);
updates to its toxicity, exposure, and usage databases; and the most updated Agency science
policy and risk assessment methodologies to determine the scope of work necessary to support
Registration Review. In addition, HED conducted an open search to look for new literature
relevant to the human-health risk assessment.

“Beyond Pesticides,” “The Center for Food Safety,” “Monsanto,” and “Gilles-Eric Séralini” have
submitted responses to the Glyphosate Docket (Docket ID: EPA-HQ-OPP-2009-0361) regarding
HED’s human-health risk assessment scoping document for glyphosate.

CONCLUSIONS/RECOMMENDATIONS

The Agency thanks “Beyond Pesticides,” “The Center for Food Safety,” “Monsanto,” and
“Gilles-Eric Séralini” for their comments regarding HED’s human-health risk assessment
scoping document for glyphosate. The Agency has considered these comments and will utilize
them, along with any newly available data, during the Registration Review of glyphosate.

DETAILED CONSIDERATIONS

Beyond Pesticides to the Office of Pesticide Programs (OPP) Regulatory Public Docket
(7502P). “Registration Review; Glyphosate Docket Opened for Review and Comment.
Docket Number: EPA-HQ-OPP-2009-0361.” 21 September 2009.

“Beyond Pesticides” Comment: Human Exposures to Glyphosate Pose Unacceptable Risks

HED'’s Response: The letter from “Beyond Pesticides™ cited additional studies in the open
literature which associate glyphosate exposure with various adverse health outcomes including
attention deficit syndrome and hyperactivity disorder (ADHD), non-Hodgkin’s lymphoma
(NHL), and hairy cell leukemia.

The Agency thanks “Beyond Pesticides” for its comments regarding human exposures to
glyphosate. The Agency is aware of the studies referenced by “Beyond Pesticides” and will
consider the importance of these results in addition to other studies identified in the open
literature during the Registration Review of glyphosate. The Agency intends to evaluate this type
of research and, when appropriate, consider the inferences drawn across studies in the risk
assessment process, including identification of health effects relevant to the human population,
and the magnitude and direction of exposure-response associations observed in observational
epidemiologic research relating to glyphosate exposure.

While preparing the scoping document, the Agency did not synthesize results from across the
open literature for use in risk assessment. The Agency did summarize results of the Agricultural
Health Study (AHS), as it is considered to be among the best epidemiologic cohorts available to
study glyphosate-health outcome associations. As additional studies evaluating glyphosate use
and incident cancer and non-cancer health effects become available in the AHS, the Agency will
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closely evaluate the results in the context of the risk assessment process. As the risk assessment
matures and specific questions are identified, the Agency will perform a targeted examination of
the open literature and provide conclusions in the final risk assessment.

“Beyond Pesticides” Comment: Roundup Formulations Are Toxic, Yet Go Unevaluated

HED's Response: The Agency thanks “Beyond Pesticides™ for its comments regarding Roundup
formulations. Between October 2009 and February 2010, EPA is issuing test orders/data call-ins
for the first group of 67 chemicals, which contains 58 pesticide active ingredients and 9 inert
ingredients, that they be screened under the Endocrine Disruptor Screening Program (EDSP).
This list of chemicals was selected based on the potential for human exposure through pathways
such as food and water, residential activity, and certain post-application agricultural scenarios.
This list should not be construed as a list of known or likely endocrine disruptors. Glyphosate is
among this group of 58 pesticide active ingredients on the initial list to be screened under EDSP
and the Agency will be issuing the Test Order in January, 2010. The Agency will review the
EDSP Tier 1 data and or “other scientifically relevant information” submitted in response to test
orders. Based on this review the Agency will determine the need for additional testing. For
further information on the status of the EDSP, the policies and procedures, the list of 67
chemicals, the test guidelines and the Tier 1 screening battery, please visit our website:
http://www.epa.gov/endo/.

“Beyond Pesticides” Comment: FQPA 10x Factor Must be Reinstated

HED's Response. The Agency thanks “Beyond Pesticides” for its comments regarding the
FQPA Safety Factor (FQPA SF). The Agency has considered the comments made by “Beyond
Pesticides,” however the Agency does not believe that the FQPA 10X SF should be reinstated for
glyphosate. In its 2006 risk assessment for glyphosate, the FQPA SF was reduced by the Agency
to 1X for several reasons. These include the absence of any increased susceptibility of the young
to the effects of glyphosate in developmental and reproductive toxicity studies in rats or rabbits;
the absence of any neurotoxic effects in submitted studies in mice, rats, rabbits, or dogs; the lack
of any scientific support for a developmental neurotoxicity study; and the conservative dietary
exposure assessment that did not underestimate the potential exposures of infants and children to
glyphosate. The Agency's decision was consistent with previous decisions that the Agency has
made for other pesticides, the results of non-GLP studies conducted with glyphosate and
published in the biomedical literature, as well as an independent safety evaluation and risk
assessment for both glyphosate and Roundup published by Williams et al, (2000) in which the
authors concluded, “under present and expected conditions of new use, there is no potential for
Roundup herbicide to pose a health risk to humans” (p. 160).

The “Beyond Pesticides” comments referenced in vitro, epidemiological, and biomonitoring
studies with glyphosate that were published in the biomedical literature. The Agency has
reviewed these studies and believes that these studies do not indicate that infants and children are
more susceptible than adults to glyphosate. The comments from “Beyond Pesticides” included
the following statement: “Richard, et al. reports that glyphosate is toxic on human placental
JEG3 cells within 18 hrs with concentrations lower than those used in agriculture.” The Agency
believes that results of in vitro studies like Richards et al. (2005) are not relevant to human
health risk assessment because the concentrations tested are very high and are therefore not
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representative of expected human exposures. The authors also acknowledged this when they
stated, “The physiologic significance of these effects can be questioned, in regard to the
concentration used” (p. 719). The Agency also believes that in vitro studies which are not
performed in a whole animal do not mimic real-life physiological processes which limit
absorption of compounds into the body, and include extensive metabolism and excretion of
absorbed compounds. The results of the whole animal studies reviewed by the Agency indicate
that there is no evidence of increased susceptibility of offspring to glyphosate.

“Beyond Pesticides” also referenced an epidemiological study that “found that preconception
exposures to glyphosate moderately increased the risk for spontaneous abortions in mothers
exposed to glyphosate products.” The Agency disagrees with this statement. The study
(Arbuckle et al. 2001) found a weak association between preconception exposure to glyphosate
and increased spontaneous abortion [odds ratio (OR)=1.4]. It also found that exposure to
glyphosate decreased (not increased) the risk of spontaneous abortion before 12 weeks in women
exposed to glyphosate after conception (OR=0.8), thereby pointing to a beneficial role for
glyphosate on the developing fetus. The Agency does not believe that this study is supportive of
a convincing association between glyphosate exposure and spontaneous abortion. Many of the
results reported in the study were not statistically significant, as acknowledged by the author, and
the study had several other limitations which limit its application to human health risk
assessment such as: “Because dose information was not available, misclassification of exposure
is likely. Many factors including the pesticide formulation, application conditions, handling
practices, and interindividual differences in absorption, distribution, metabolism, and excretion
of the products or metabolites will lead to variability in the degree of exposure. Because the
farmers used many different pesticides during the study and our sample size was limited, findings
may be unreliable, particularly for multiple pesticide interactions... Because the analyses were
designed to generate, not to test, hypotheses, and multiple comparisons were conducted, results
should be interpreted with care and tested in other studies” (p. 855).

The “Beyond Pesticides™ letter also stated that a “Farm Family exposure study found that all but
one of the 79 children evaluated had detectable concentrations of glyphoste in their urine.”
Acquavella ef al. (2004) was a biomonitoring study in which glyphosate levels were monitored in
the urine of pesticide applying farmers and their families in two U.S. states. Urinary
concentrations for farmers who applied glyphosate ranged from <1-233 ppb, and some farmers
had no detectable levels. The highest levels in urine were in farmers who did not wear protective
clothing (rubber gloves) during use or who improperly handled (i.e. spilled) glyphosate on the
day of use. Urinary levels in children were much lower and ranged from <1-29 ppb. How this
data might correlate with potential health effects associated with glyphosate exposure reported in
epidemiology studies will be considered more fully in the anticipated risk assessment.

“Beyond Pesticides” Comment: Human Incidents Are Too High

HED'’s Response: The Agency thanks “Beyond Pesticides™ for its comments regarding human
incidents. The Agency will search the National Poison Data System (NPDS), the California
Pesticide Iliness Surveillance Program, and the National Institute of Occupational Safety and

Health’s Sentinel Event Notification System for Occupational Risks (NIOSH SENSOR) for
additional glyphosate poisoning incident data in the course of registration review.
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Freese, Bill. From The Center for Food Safety to Office of Pesticide Programs OPP
Regulatory Public Docket (7502P). “Registration Review; Glyphosate Docket Opened for -
Review and Comment. Docket Number: EPA-HQ-OPP-2009-0361.” 21 September 2009.

“Center for Food Safety” Comment: IV. Assessment of Human Health Impacts of Glyphosate
and its Formulations

HED'’s Response: The Agency thanks the “Center for Food Safety” for its comments regarding
human health impacts of glyphosate. Please refer to HED’s response to the “Beyond Pesticides”
comment entitled “Human Exposures to Glyphosate Pose Unacceptable Risks” for a discussion
about additional studies in the open literature which associate glyphosate exposure with various
adverse health outcomes such as ADHD, NHL, and hairy cell leukemia.

The Agency thanks the “Center for Food Safety” for its comments regarding human incidents.
Please refer to HED’s response to the “Beyond Pesticides” comment entitled “Human Incidents
Are Too High” for a discussion about the databases the EPA will search for additional glyphosate
poisoning incident data in the course of the risk assessment process.

The Agency thanks the “Center for Food Safety” for its comments regarding the FQPA SF. The
Agency has considered the comments made by the “Center for Food Safety,” however the
Agency does not believe that the FQPA 10X SF should be reinstated for glyphosate. In its 2006
risk assessment for glyphosate, the Agency reduced the FQPA SF for glyphosate to 1X for
several reasons which are outlined above in HED’s response to the “Beyond Pesticides”
comment entitled “FQPA 10x Factor Must be Reinstated.”

The Agency thanks the “Center for Food Safety” for its comments on the tolerances presented in
Table 6 in the Human-Health Scoping Document. The tolerances will be updated to reﬂect 40
CFR §180.364 in the final risk assessment document.

Adams, Stephen from Monsanto Company to OPP Regulatory Public Docket (7502P)
“Docket ID: EPA-HQ-OPP-2009-0361; Comments on the Registration Review of
Glyphosate.” 21 September 2009.

“Monsanto” Comment: Glyphosate Incorrectly Linked to Organophosphate Insecticides and
Cholinesterase Inhibitors

HED's Response: HED recognizes that glyphosate is best described as a phosphono amino acid
herbicide.

“Monsanto” Comment. General Comments Regarding Public Health and Pesticide
Epidemiology Data and Evaluation of the OPP Incident Data System (IDS) Data

HED'’s Response: The Agency thanks “Monsanto” for its comments regarding human incidents.
The Hawkins memorandum (12-MAR-2009; Attachment 7 in Memo, J. Langsdale ef al., 3-JUN-
2009, D362745) reviewed the incident information that was retrieved from the Agency’s IDS to
determine if there is a pattern or trend that merits further consideration during the preliminary
risk assessment phase of the registration review process for glyphosate. A large majority of the
incident reports were classified as moderate cases that involved dermal effects such as blisters,
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rash, pruritus, skin irritation, hives, welts, sores, burning skin, and peeling skin and neurological
effects such as shaking, loss of coordination, tingling, neuropathy, ataxia, and numbness. A
pattern exists in that many of the dermal cases were due to accidental splashing of the product
and leakage onto the hands. The Agency will search the NPDS, the California Pesticide Illness
Surveillance Program, and NIOSH SENSOR databases for additional glyphosate poisoning
incident data in the course of the risk assessment process.

The “Monsanto” letter commented on the use of case reports to establish causal relationships
between a chemical and exposure symptoms. In terms of the focus on case reports in IDS that
may be attributable to products containing only one active ingredient, the Agency uses this search
criterion when performing the IDS data query to avoid potential synergistic effects. If an unusual
or “sentinel” event is observed during the data query, the Agency will attempt to verify the
presence of only one active ingredient in the product formulation, if the information allows.

“Monsanto” Comment: Comments Related to the Agricultural Health Study

HED'’s Response: “Monsanto” articulates two main points concerning recent publications from
the AHS in relation to potential glyphosate health effects in the human population: 1) persons
who reported ever using glyphosate were not observed to have increased risk of cancer overall or
an increased risk of most common cancer sub-types; however in comparison with those who -
have never used the chemical, ever users of glyphosate were observed to have a non-significant
2-fold increased risk of multiple myeloma [odds ratio (OR) 2.6, 95% confidence interval (95%
CI) 0.7-9.4]; and, 2) a recent AHS study reported a non-significant decreased risk of developing
monoclonal gammopathy of undetermined significance (MGUS), a condition which precedes
multiple myeloma, in association with ever-use of glyphosate.

The Agency thanks “Monsanto” for its comments regarding the AHS. The Agency is aware of
the AHS publications referenced by “Monsanto” and notes that both publications report
preliminary findings based upon a small number of glyphosate exposed multiple myeloma cases
and MGUS cases, respectively. ‘Study authors acknowledged the work must be replicated before
conclusions regarding any causal association, or lack thereof, can be determined. As research
progresses and additional study results are made available, the Agency will consider this
information in the glyphosate regulatory review and risk assessment process.

Monsanto Comment: Comments on the U.S. Tolerances Reported in the Human-Health
Assessment Scoping Document

HED's Response: The Agency thanks “Monsanto” for its comments on the tolerances presented
in Table 6 in the Human-Health Scoping Document. The tolerances will be updated to reflect 40
CFR §180.364 in the final risk assessment document. HED notes the increase in poultry, meat
from 0.10 ppm to 4 ppm in 40 CFR §180.364. The Registration Division (RD) will be notified
of this discrepancy and 40 CFR §180.364 will be corrected to reflect the appropriate tolerance of
0.10 ppm for poultry, meat.

Monsanto Comment: Clarification of the Need for a New Residential Exposure Risk Assessment
HED’s Response: The Agency thanks “Monsanto” for the clarification regarding Roundup®
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Weed & Grass Killer Super Concentrate. The Agency recognizes that Roundup® Weed & Grass
Killer Super Concentrate, EPA Reg. No. 71995-25, was not a new product registered in October
2008, but rather was a new alternative formulation under this registration. As stated in the
human-health scoping document, a new residential exposure risk assessment is required which
reflects the use rate of 10.5 1b acid equivalents per acre (ae/A) for Roundup® Weed & Grass
Killer Super Concentrate (EPA Reg. No. 71995-25). ,

Monsanto Comment: Regulation of Aminomethylphosphonic Acid (AMPA)

HED's Response: HED recognizes “Monsanto’s” comment that it does not believe it is
necessary to revisit the regulation of AMPA residues. However, the decision that AMPA need
not be regulated, regardless of levels observed in foods or feeds, may be revisited during the
registration review process.

Séralini, Gilles-Eric. Email to Carol Stangel. “Re: EPA’s Response re: Glyphosate.” 02-
OCT-09. v

Séralini Comment: “I was aware of the letter of August 12th 2009 your received from EPA
(from Dr. Debra Edwards, Director Pesticide Programs) in Washington, about my recent paper
on glyphosate based herbicides, which have been proved to be human cellular endocrine
disruptors.”

HED's Response: The Agency thanks “Gilles-Eric Séralini” for the comments regarding
glyphosate. Please refer to HED’s response to the “Beyond Pesticides” comment entitled
“Roundup Formulations Are Toxic, Yet Go Unevaluated” for a discussion about the test
orders/data call-ins EPA is issuing for pesticide active ingredients and inert ingredients that they
be screened under the EDSP.

HED General Comments about Inert Ingredients and Surfactants

Several of the responses the Agency received regarding HED’s human-health risk assessment
scoping document for glyphosate specifically addressed inert ingredients and surfactants.
Pesticide products contain both “active” and “inert” ingredients. The terms “active ingredient”
and “inert ingredient” are defined by the federal law that governs pesticides (Federal Insecticide,
Fungicide, and Rodenticide Act [FIFRA]). An active ingredient is one that prevents, destroys,
repels, or mitigates a pest, or is a plant regulator, defoliant, desiccant, or nitrogen stabilizer.

All other ingredients in a pesticide product are called “inert ingredients.” An inert ingredient
means any substance (or group of similar substances) other than an active ingredient that is
intentionally included in a pesticide product. Called “inerts” by the law, the name does not mean
non-toxic.

Pesticide products often contain more than one inert ingredient. Inert ingredients play key roles

in the effectiveness of pesticides. Examples include inerts that prevent caking or foaming,
extend product shelf-life, or solvents that allow herbicides to penetrate plants.

Page 7 of 8

MONGLY 02428294



Glyphosate Response to Previous Public Comments DP#: 36999§

Like pesticides, inert ingredients are also subjected to complete evaluation of health,
environment, and ecological effects. EPA evaluates the inerts to ensure that it will not have
unreasonable adverse effects on humans, the environment, and non-target species. Inert
ingredients are permitted in pesticide products once the safety of the inert ingredients established
by the EPA. Like pesticides, inert ingredients are also subjected to tolerance reassessment. EPA
conducted tolerance reassessments for inert ingredients in 2006. Several groups of surfactants
were reassessed in 2009. For further information about EPA’s review of inert ingredients, please

visit our website: http://www.epa.gov/opprd001/inerts/.
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REPUBLIGUY TRANSAISE

MINIETERE DE UAGRICULTURE
HTDE LA PECHE

Direction géndrals de

Fatimentation Monsanto Agricullure France SAR

& Fattention de Monsioyr Yann FIDHET
Sous-tirection de la qualité Directeur des Relations Institutionnallies ot
gt de b grotection des Industrielles
wigiaux

Europare du Chéne
1 rue Jacgues Monod

Bureasy de la régl rikation
ureau glementation £9673 Bron Cedex

of de Ia mise sur le marché
des Intrants

251, rue de Vaugivard
FETIE Farls oadex 15

Diongler sulv par Mél o
Codatte TOURNIER

o Obilet frensmission de documents
Tl (01 40 65 87 38 Parlg, fe 29 janvier 2007

Fax 431 48 55 850 49

fMonsieur,
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instruction de 1a saisine
de Ia Commission d'élude de I toxicité par la DGAL sur Particle

« Differential effects of glvphosate and Roundup on human placental volls snd arpmaiase,
Richard 5., Mosleny 5., Sipabutar H., Benachour N, Seralani G F,
Environ. Health Perspect, 2008 {s0ous presse | anline 24 February 2005}

1. Documents regus

1.1, Courrler de la S8M du 21 Nov, 2008 - normination du rapporteur de la saisineg

1.2, Courrier de la DGAL du 14 avrll 2005 {référance iisible @ 080 THELY demande 4
Monsanto Agriculture France SAS d'observations sur Tarticlke en référence pour
communication & la Commission Européenne et ay pays rapporteur {(Allemagne)

1.3, Courrier de Monsanto du 25 gl 2005 {réference ILG/YF/208)  copie & la DGAL du
dossier ernvové & la DG Sanco et & PAlleragne (courrier du 22 awil 2008 ef Dides
jointes :

= L3 Publivation de Richard § ot al, 2008

4

1.3.2. Réponse de Monsanto du 2 mars 2005 sur la pubdication de Richard 8, et af
{redacieur  Donna B Farmer, Daniel A Goldsteln, Monsanto, St Louis, Missouri)

= 133 Publication de Marn el al, « Pestivide Roundup provedkey osll division
dystunction al the lsvel of COH eyolin 8 activation », Chern, Res, Toxicol, 2002, 18,
328331

- 1340 Réponse de Monsanto dy 2 mars 2005 sur la publication de Mare J. et gl

{document confidential pour usage strivtement interne a la firme)

- 135 Abstract PubMed de Ia publication d'Amouroux I et al, « Machanisms of
cytoloxicity by cosmetic ngredients in ses urehin egus », Arch. Environ. Cortam,
Toxicol, 1858, 36 (1), 28-37.

- 138 Commentaires de Fellous ef al du 21 mars J008 sur s publication de Richard
= et al

14, Courtier de la DGAL du 20 mal 2005 {référence DB00204) : cople du dossier de
Monsanto 4 s SSM falsant étal de la saisine du président de la Com Tox en vus de

Vexamen de la publication de Richard & et gl et de la réponse de Monsanto pour Juin
2005

1o Courrter de Ja DOAL du 27 Mai 2008 {réferance 05002584) : report de Fexamen de s
saising (& insorire & Vordre du jour de décembre 20053

1.8, Courrier de la DBAL du 12 Octobre 2008 {réference 0500561) . ansmission & la
BEM de la cople slectronique de deux documents st des commentaires de PAllernagne
sur la publication de Richard 8,

170D ROM contenant la version glectronigue des documents 13, 131, 182,133,
1.3.4, 1.3.8., et de g publication compléte d'Amourows 1. et al.

2. Analyse de la publication « Differeniial sffects of glyphosate ang Foundup on Buman
placerital colls and aromatase”® {(Richard o al, Environ, Health Ferspect., 2008)

Commission Eude de la Todois - peonds-virlial o le rdunion w14 dboambre 2005 013
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2.4, Fésumeé des donndes :

2140 La towicité du Glyphosate {rigine  Sigma-Aldrich) st du Roundup  {origine
«commerciale » | 380 g/l de glyphosate), seuls ou en assoviation, est testée sur une Hgnée
de cellules placentaires humaines JEG3 en mesurant la viabilite cellulalre fest MTT), &t
Factivite aromatase i viro (dosage radio-immunologigue) avec recherche du mécanisme la
modulant {quantification des ARNm), aprés exposition pendant 1, 18, 24 ou 48h & des
concantrations dites « raprésantatives » des usages recommandas (2% de Roundup ou
conceniration équivalente de Glyphosale avec ajustement du pH} ou inférisures & celles-ci,
En complament, Pactivité aromatase de microsomes issus de placentas de femmes non
fumeuses of de lesticules de cheval @ 618 mesurée dans les mémes protocoles d'exposition,
et lactivité des enzymes purifies issus de testioule de cheval o &f délermings {Studes
spectrales, mesure de activité NADPH reductase).

212, Les résullats indiguent

2121 une diminution significative de la viabilité des celiules JEGS (peu de données
chiffrées, multiples courbes 1),

- 2 Tols plus importante pour le Roundup que pour e gliyphosate,

- dependante de la durée d'exposition objectivable pow 1h et triplant powr 18k
daxposition .
- dependante de la concentration premiar point de chute de survie {environ 20%}
pour 18h dexposition & 0.2% de Roundup et 0.8% de glyphosate, st viabilits nulle pour 18h
d'exposition & 0.4% de Roundup et 1.9% de glvphosate),

- non explicable par lacidité des solutions {pH =8 83

- augmenige pour le glyphosate en présence de 11.1% de Roundup {pour toutes les
concentrations de glyphosate).

2122, une inhibition significative de Pactivité arcmatase des cellules JEGI (peu de
donnees chiffrées, multiples courbes)

urdgquement pour e Roundugp pour 18 heures  dexposition & partic de
concentration de 0.01% (G50 = 0.04%) alors gu'une exposition d'une heure augmenis

Pactivité d'environ 40% quelle que soit la concentration {gamme testée » 0.071 4 0.2%)
- présente pour le glyphosate qu'en cas d'addiion de Roundup & 0.02% 2
concentrations testées | (.18 et 0.38% de glyphosate

- attribude & un effel sur Pexpression du gene CYPIY (chute des ARNm)

2.1.2.3. ung inhibition significative de Pactivité aromatase microsomale des celiules
humaines (placenta) ot éouines {lestiouds)
- 3 fols plus importanta pour le Roundup (1CB0 = (L6%) que powr le glyphosate
- dentique dans les 2 modéles callulaires testés

atiribuge & une interaction directe du glyphosale sur le sHe aptf {Studes
specirales)
- assotiés a une maindre diminution de Pactivité NADEH réductase (1050 = 5%

£2.1.3. Dans leurs commentaires de ces résultats, les auleurs de la publication soufignent les
soinds subvants
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2130 Leffel sur la viabilitd des cellules JEGS {10 fois plus important pour e Roundup que
pour 2 glyphosate) a pu Btre mis en dvidence du fait

- de Putilisation dun milley de culture sans serum, asswrant une meileure
piodisponibilité et optimisant de ce falt la détection de I'effet

- de longues durdes d'exposition, autorisant une « action genonigue » 8l une
bio-accumulation {avec plusieurs références a Fappul deffets toxigues ou
genctoxiques ef d'une acoumulation dy Roundup © Peluso M ef al. 1998, Ligi
ME ef al, 1898, Mitchell DG et al, 1987, Vigfusson NV ef 8/, 1980 st Yousef M
ol af, 1905}

2.1.3.2. Uinhiblion de Paromatase des celiules JEG2 est indulte par des expositions de
durée suffisante & des concentrations ron toxigues de Roundup uniquemeant (fa stimulation
chservée pour une courte durée d'exposition stant supposee due 4 une augmeniation de la
permeabilitt membranaire el une meilleurs bindisponibilité en substrat, Induites par fa
présence des adjuvants du Roundup),

2.1.3.3. Celte inhibition de Paromatase, au reléverait d'une action directe sur lenzyme, est
confirmée par les mesures sur microsomes humaing et gguing qui révélent en outre un
potentiel inhibiteur du glyphosate {4 fois inférisur & celul dy Roundup),

2134 Uaddition de faibles concentrations de Roundup au glyphosate conféreralt 8 es
dernier un polentiel oytotoxigue et inhibiteur de faromatase, a biodisponibilité stant facilitée
par les adjiuvants,

214 Leg auteurs concluent done

- quil existe un potentie! de perturhation endocrinienne inductible chez les mammiféres par
des concentrations de glyphosate 100 fols inférieures 4 celles des usages agricoles,

- que Paclion directe du glyphosate sur Paromatase powrall expliouer cerlaing effets
reprotoxiques  ohservés i vivo en sappuyant  notamment  sur plusisurs  références
bibliographiques rapportant des problemes de grossesse cher des uliisateurs dherbicides a
base de glyphosate (Savitz DA et &/, 2000}, une perturbation du cycle cellulaire dans Posuf
doursin (Marc . 2002) ou encore de Pexpression posttranscriptionnelle d'une prolgine
régulatrice de la stéroidogénése dans les cellules de Leydig tumorales de sourls (Walsh LP.
ef o, 2000}

2.2, Commentaires :

2.2 Sur le fond, cette publication, quit tente de metlre en avant une suspicin d'effels
reprotoxiques au travers d'un mécanisme potertial de perturbation endoorinienne, présents
plusieurs lacunes méthodologicues maleures -

2.2.1.1. Une grande partie des expérimentations i virn ont 8t mendes sur celiule JEGS,
fignde cellulaire humaine tumorale {potentiel démontré par greffe sur sours nude} dérivee
dun choriocarcinome  présentant  un caryolype hypertriploide (70 chromosomes en
moyenne) avec § chromosomes irés remaniés o molassables et un seuwl chromosome %
es cellules ont la capacité de ransformer les précurseurs des stéroides a1 onslrons ef an
cestradiol. Un tel profil carvotypique peut conferer une spécificité de réponse au moddle
cellulaire de sorte qu'aucune conclusion définitive ne peut étre avancée sans recoyrir & une

Comasission s Efude de ta ToRio | provis-varbal de la réusion du 14 decembee 2008 &

V)

i 02428299
Confidential - Produced Subject to Protective Order MONGLY



validation de la reproductibiiié des observalions dans dautres  lignées cellulaires,
notarmmeant non placentaires,

2212, Bien que prétenduss représentatives yoire 10 fols infériewres & celles dea USages
agricoles, les concentrations de Roundup utilisées dans les diverses axpérimentations de
celle publication dolvent en fait éire considérées comme extrémement dlavées, sagissant de
Fexposition directe de cellules ou de fractions suboelilairas,

- Daprés les diagrammes, une Paltération de o viabilité celiulaire apparalt & partir de
concentrations de Vordre de 0.2 % ef Pinhibition de Paromatase pour les concantrations
de ordre de 0.02% de Roundup, ce qui correspord respectiverment & 700 et 70 mgfl. de
glyphosate. Comple des facleurs mitants que représentent labsorption orale {30%),
Fabsorption cutanée (0.3%), I cinetique d'élimination (moins de 1% de résidus
tissulaires & 7 jours), de telles teneurs impliqueraient des expositions hurmaines
considerables, soit plusicurs dizaines de litres de Roundup difué & 2%,

dans son commentaire de la publication, ls pays rapporteur {Allemagne) souligne gue les
concentrations de Roundup déclenchant un effet sur Faromatase (0.5 - 2%) sont ay
maing 1000 fols plus efficaces que celles des inhibiteurs connus de Paromatass, tels que
s derivis aenlés.

L2138, Fall remarquable, si les effels du Roundup sur la viabilité celiaire et Finhibition de
Faromatase (mesurée sur cellles et MHOIOBOMEs) sont supdrieurs & ceux du glyphosate
{dépourvu notamment d'effel inhibiteur sur celiules), Taddition de bés faibles teneurs de
Roundup conférerait au glyphosate un effet cylotoxique significatil {an présence de 1% de
Roundup) et inhibitesr de Paromatase {er présence de 0.2% de Roundup), e phénoméne
stant attribue par les aulswrs & une facilitation des effels du glyphosate par les adjuvanis du
Roundup. Une telle interprétation apparalt contestable, dautant que les auteurs Byouen
dans la conclusion un  « effer mudtiplicateur du Roundup  sur Feffet  endoosinien it
glyphosats », sachant que

- Le protocole expérimental ne permel pas de démonirer Finfluence des adiuvanis &t 3
fortiont un effet synergique avec e glyphosate, puisque le Roundup contient lub-méme du
glyphosate (1 aurall 88 névessaire de disposer de données indépendantes sur los
adiuvants, s glyphosate st Paasociation).

- La toxicllé des adjuvants n'est pas discutés, et aucune référence n'est falts suy résuliats
publies dans ce domaine, notamment

o Les mudtiples effets non specifiques de surfaciants sur un large specire de
cibles cellulaires, comme Talieine de Vintégrite ou de la perméabilie
mambranaire consécutive & Vinduction d'un déséquilibre ionique {travaux
dAmourow ! et af sur Posuf d'oursing

o Latteinte de la membrane mitochondriale induile par divers surfactants
destinés aux usages dornestiques Farmer DR et al'y

- Aucune analyse de la cohérence des diffdrents resultals ne semble mense, en metant
par exemple en perspective las effels dy pH sur le moddle celiulaire utlliss {soulignant gu'ils
ent ajusté e pH des soltions de glyphosate 4 celul des solutions de Roundup, soit un pH de
5.8, les avtewrs indiquent que cetle acidification ne peut expliquer gu'une diminution de 23 %,
de la survie cellulaire aprés 18 heures dexposiion, sans proportion aves calle inchuite dans
tes expérimeniations | | Wen resta pas moms, qul/d de la loxicité des celiules reléve de
Vacidité un
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282 Sur fa forme, cette publication comports de multiples binls Fargumentation et
Vinterprétation des donnges

L2281 Pour élayer ke risque d'exposiion de Uhomme au glyphosate, les auteurs se referent
aux ravaux dAcquavella LF et al® rapportant des niveaux d'axposition maximums au
glyphesate de 0.004 mgkg cher des agriculteurs et leur famille, solt des valewrs sans
COMITUNG mesure aver de Nexpénimentation.

2222 Pour dlayer les affels du glyphosate sur la reproduction et e développemant, les
auteurs se référent aux ravaur de Savite DA st al”, rapportant une augmentation modérée
du risque d'accouchements prématurés cher leg gpouses Jdagriculteurs exposds, 3 mols
avant le début de la grossesse, & une grande varété de pasticides dont Patrazine, le
glyphosate, des organo-phosphiorss, le 2-4D. . Dans une publication ultérieurs (Arbuckls TE
et al’} sur la méme cohorte (« Ontario Farm Family Heallh Studies »), une augmentation, 3 la
firrite de la signification statistique, du risque de fausses couches lardives aprés exposition
pré-conceptionnelle au glvyphosate, est mise en évidence en Pabsence d'ajustement pour
d'éventuels facteurs de confusion, de sors que ce résultat esl considérd par les enquélteurs
Bu-mémes, comme exploratoire comple tenu notamment des fmitations relatives 4 la
mesure des expositions qui ont &8 dvaludes par guestionnaire. .des compléments
dinvestigation #ant envisagés pour préciser les molécules incriminges en utilisant des
marqueurs biclogigues validés d'exposition,

£.2.2.3. Pour dtayer le manque de connalssance sur le mécanisme daction du glyphosate et
la possibilité de multiples effels enzymatiques, les auteurs se réfdrent notamment & o
publication de Willams GM et al*, qui consiste e une revue des dudes réglermentaires ot
publiees sw e glyphosate st son matabalie principal {acide aminoethylphosphonique ou
AMPAL ainsl que sur les formulations de Roundup et le principal agent surfactant uillisé
dans celles-ol (« polyethosylated tallow amine oy FLOEA) Celte synthése qul examine A% 2
pas les différents volels toxicologiques, indious que « {évidence sxpenmaentale montre gue
o e glyphosate, nif TAMPA ne saccurulent dans aunun des Hesus, guaucune foxicié
significative ne se manifeste dans les dtudes algués, subaiguds ou chroniques, quit nexiste
pas de prewve convaincante de lésions directes de | ADN fn vitro ou i vive et done que fe
Houndup ot ses forrmdants ne posent pas de risgue en lerme de provuction de mutations
heéréditaires/somatiques, | que fe Giyphosate n'est pas cancérogéns, gue fo glyphosats,
TAMPA gl ls POEA ne sont pas toxigues pour Ia reprcduction ou e devedoppement. . que les
eludes standardisdes sur ces molécules ne montrent pas deffel swr ls modulation
endocrinienne... » el conclt donc que « dans les conditions aciuelles el envisageabies
dusage, e Roundup ne pose fpas de rsgue powr Thomme » | La référence & cedle
publication apparait done aberrants |

2.2.2.4. Pour élayer leur préocoupations, les auteurs se réfdrent 3 o publication de Mare J et
al”, rapportant une perturbstion du oycle cellulaire Induite par le Houndup dans osuf
d'orsin,

- Celte élude sur le Roundup {170 g/ de glyphosate isopropylaming) et e glyphosate
{Cluzeau Info Labo, France) rapports

o Hinduction dose dépendante d'un retard de la premigre division de Pembryon d'oursin,
significative aprés exposition pendant 8 hewres & une  concentration de {1L.8% de
Roundup, aves ardt de la division pouwr une coneentration de 1% (effet uhisctivabls
pour des expositions d'au moins 1 heure dans une fendlre mwexcédant pas 1 heure
aprés la fertilisation),
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o aucun effet du glyphosate pur sur fa cinétinue de la premiare mitnse dans une gamms
de concentration de 1 & 20 mM {correspondant respectivement & la quantité de
glyphosate présente dans 0.1 ~ 2% de Roundup)

o finduction d'un retard mitotique par e glyphosate {1 -10 mM) en presence de 0.2% de
Roundup {sachant gue le seyl Roundup mentralne pas deffel sor le oycle & calte
conceniration}, ce gul cordult les auteurs & evoguer un effel synergigue

o Tabsence d'effet du Roundup sur la 1élalité oy de dormmages sur le développernent
ulterieur des ceufs (Gtudes eytologigues)

o Pabsence d'effel in wire du Roundup et du glyphosate sur dactivité du complaxe
COKY/eycling B {contrélant lentrée en phase M du cydle mais Finduction in vive d'un
retard d'activalion de ce complexe comme le démontre Ia supprassion compléle de
Factivité kinase M1 et la forte inhibition de s synthése protéigue (sans réduction de la
synthese de cycline B) en présence de 0.8% de Roundup. Cette observation conduit
les auteurs & falre Vhypothése d'une action du Roundup sur une protéine, encore
miconnue, nécessaire & activation du complene CORYoyoline B

- Les résullals condulzent les auleurs & conclure quiune altération du oyole cellulaire peut
élre indulte par des concentrations de Roundup excédant largement cefles des usages
herbicides (les conventrations en résidus dans Veau et les sols étant de Pordre de la
nanomole alors que celles induisant uns perturbation du oycle sont de Fordre de I3 mrilliminds)
Mais, .

o que cel écart de concentrations paut éire parisllement compensé par les durées
d'exposition trés différentes { 7)

o gue a clble initiale chez embryon nest pas encore identifide vl pourrall étre
affectde par des concentrations beaucoup plus basses de Roundug

o gue 0% des cellules sont alieintes dans lewr expérimentation  alors gue
cancerogenase procéds & partiy de quetgues celiudes d'ol o possibililé d'un effet de
concerdrations beaucoup plus basses

o que les surfactantz contenus dans e Roundup agissent sur e oyole cellulaire de
fagon symergigue aves le glyphosate, ce qui indigue Pexistence d'un affet i seul
glyphosats (9

~ Cette publication appelle différents types de oritigues

o seul de Roundup peut étre considéré comme perturbant ia cindétique du oydle
celiulaire et les conséquences de cet effet restent obscures puisoue les eufs ne
présement  aucune  anomalie  décsiable & fexamen microscopioue e se
dévedoppent normalermnent par la suile

o &n Pabsence d'effet du glyphosate sur le Cyole, auoune conclusion valide ne peut
&tre proposée sur Vexistence d'un éventuel effet synergique aveo les formulants dy
Roundup (seule une expérimentation comportant une elude des formulanis, du
glyphosate et du mélange formulants / glyphosate serait & méme de e dérmontrar)

o la sensibilité du modéle d'embryon doursin & différents stress m'est pas discutée,
notamment aux agents surfactants (Amouroux | et al, 1989}

o les conclusions tirées par les auteurs relévent davantage de conjecture que de faits
seientifiques avérés | auvcune place nest réservée a la mise en perapeciive des
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donness oxicologigues publides aur e glyphosate en particulier fa mutagenése ef
la cancérogendss

- kn conclusion, celte élude devrait éire urdguement considérés comma susceptible
dapporter au plus, un &clairage sur un mécaniame Jacton potential, mals dépourvy de
pouvolr predictif pour la cancérogendse (un retard de cycle pouvant de ce point de vue ébre
plutdt considéré comime béndfique dans Ia mesure ol i parms! gendralement & la callule de
mieux réparar des ésions 1), De tels résuliats ne paeuvent remetlre en cause Vensembile des
experimentations atlestant du caractdre non rutagéne e non cancérogéne du glyphosate,

2225 Pour étayer leur expérimentation sur Paromatase, les auleurs se réferent A la
publication de Walsch L.P. et al, montrant une inhivition de la stéroldogengse induite par le
Roundup (180 g/ ; origine non specifiée) dans une lignée cellulaire tumorale de cellules de
Leydig de souris,

- Cette étude rapporie

o Une diminution dose dépendante de g synihése de progestérone induite
dniguement par e Roundup (Gl = 244 + (.87 g/l sans  diminution
concomitarte de la synthése des proléines par contre, le glyphosate {origine 7) ne
perturbe ni la synthése des stéroides, ni celle des proféines, dans une gamme de
concentrations de 0 & 100 po/mil. {résulists non rapportes dans la publication), d'ot
Phypothése de oible (3) spécifique {8} au Roundup.

o Une inhibition d'activités enzymatiques de la stérofdogendse {clivage - P450 de la
chalne latérale du cholestérsl, 3 heta-hydrogystéroide deshydrogénase) aprés 2
heures dexposition & 25 ugiml de Roundup, totalemeant réversible aprds cessation
de Pesposition, mais insuffisante pour expliguer la chule de la synthése des
steroides {résultat tird d'expérimentations combinant la shimulation par une dibutyryl
CAMP, un précursewr S hydroxycholestérol < Deoplus, ol la tenewr mitachondriale
de ces enzymes, i celle des ARNm correspondants ne sont diminuges en
proportion suffisante pour expliquer Vinhibition de la stéroidogenédse,

o Par contre, le Roundup  réduit significativerment la teneur en protéine StaR®,
(mpligques dans e passage ou cholestérol au tavers de la membrane
mitochondriale), sans réduire le taux ARNM correspondant, indiguant une
perurbation de s régulation post-ranscriptionnells, en aval de lactivite Kinasigue,
le Roundup ne diminuant pas Fastivité de iz phosphokinase A (PRA),

- Bien que le mécanisme par lequsl le Roundup perturbe la régulation posi-ramnscriptionnells
de la protéine Stak reste 3 &lucider, les auteurs soulignent que ce phénomeane résulte d'un
au plusieurs formulants, pulsque le glyphosate maltére pas ba stéroidogendse,

~ Les résudials ont 81 remis en cause par ka firme (document 1.3.2.) qui fait état de travagx™
* effectuds en lalson avec lss laboratoires de recherche académigue (documants non
fournia), montrant que la diminution de la synthése de progestérone dans celle ignée MAO
de cellules de Leyvdiy reléveralt d'une alteinta de Ia membrang mitochondrizle ;| ces résullats
ont été récemment rappelés dans un abstract disponible sur intermet Fammer DR, et al,
005

3. Conclusion -

Les effets de perturbation endocrinienne dy Roundup, volre du glyphosate avancés par
Richard eof al, de méme que le potentiel de perturbation du cycle cellulaive et ses

“Beroidogenic Avute Begulatory Proteoin
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conséquences mutagéne et CANCErOgenes avanndes par Mare J. et gl rappartent pas
déléments pertinents pour démonirer une toxicits powr Vhomme, sachant gue

3.1 Les conclusions ne reposent que sur des expérmentations i wilro portant sur des
modéles cellulaires non validés, non represeniatifa  {ignées tumorales, oeuf d'oursim
exposds directement & des concentrations supra-physiclogigues des substances.

3.2, Unlarge spectre de d'éludes réglementaires de mutagenese, de cancérogendse, st de
loxicitd pour la reproduction ne permettent pas de mettre en avidence d'effel du glyphosate
aux plus fortes concentrations testées. UE. a J'ailleurs utilisé un facteur de séourité de 100
sur la base d'autres effels observés dans I'étude 3 long terme sur e rat, pour fixer la DJA dy
glyphosate {103 mofkg)

3.3, Aucune etude épidémiclogique ne permet dincriminer directement le glyphosate ou les
formulations de Roundup en matigre d'effels sur reproduction,

3.4, Fait remarquable, & Roundup apparall plus vactif » que e glyphosate sur s divers
parametres biologigues mesurés. Ce phénoméne ast dgalement observeé dans dautres
modeles callulaires ulilisés pour exariner e cycle celiulaire {ceuf doursin) ou la synthase
des hormones  stéroidiennes {cellules tumorales de Leydig), De telles observations
conduisent, & Pévidence, & meftre en cause leffol des surfactants sur les membranes
celiulaires ellou mitochondriales, dautant que plusieurs publications en démonirent ia
nocivite sur un grand nombre de parametres bivlogigues. I est done hautement probable,
cormime & suggérent certaing auleurs eux ~meémes, que exposition directe de celiules 4 ces
formulants puisse  expliguer  Tensemble  des effels  constalés  dans  foutes  ces
axperimentations in vitro,

3.8 Les aulews surinterprélent leurs résullats en matibre de consfquences sanitaires
potentiels pour Mhomime {références inadequates, extrapolation In vitro-in vivo non I

CArenroux L, Pesando 1, Nod! B, Girard 18, Mecharisms of cyivtaxicity by cosmetic ingredionts in sea
wehin eggs, Awh Environ, Contam, Toxzicel, 36, 2837, 1964

¥ Farmer LR, Levine 5.1, Hevdens WF, Gamen B Han 7
effeuts of surfavrant on MA-10 cells stercidogenesis, Abstract

Fapadopoutos V., Miuchondral mediated
Powdeologioad Letters, 1588 {2008 - 5258

i Acquavella 1P, Bruce B, Alexandsr BH . Mande! 5, Diestin O, Baker B, Chanpan B, Blseke M,
Ulyphosate biomonitoring for farmers and their fannifice: wsults fram the farm fammily exposure study, Environ,
Hoalth Perspect,, 112: 3212308, 2004

Y Savitz DAL Adbuckle T, Kaczor 1., Curtis KM, Male pesticides and PEOERANCY outceme, Am. L Bpiderdal,
146, 10251036, 2000

CArbuekle T, Lz £, Mery L., An explanatory analysis of the effect of pestivide exposure on the risk of
sprutansous abortion in an Uitadic fanm population, Buviren, Health Porapect, 109 881857, 2001

“Willians G, Kroes R, Munrs L2, Balery evaduation and iyl ssrent of the heebicide Roundup and its
active ingredicnt, glyphosate, for humans, Regul, Towicol Fharmasel, 31 1172165, 2000

* Mare I, Mudper-Lorillon O, Boolben 8., Hureau D1 A, Belle B Pesticide Rovndup provebes coll
" . o, . S (v ye . < " - g = « o ; }
diviston dysfunction at the leved of D11 fevelin B activatinn, Chem, Res, eaived, TR 3BAOR1, 3000

eais by distuptiong
Hi, 2000

¥
i

T Wakseh LE McDarmick £, Martin €0, Stoceo DML, Bounduy inhibis stersidogs
. " o -8 v e - ;’3 . N “ - o
sterprdogenic aode regulatory (SIAR) protein expression, Brvrion, Healih Perspoct,, 108 7697

“Levine S.1L., Farmer DR, Hevdens W.E, Han 2., Wall ¢ Papadopoulos V., Non-specific aliemtion of
steroidogenesis in viten by supra-physiclogical levels of suefactant, Bociety of Ernvirearmenia) Toxtcology and
chemistry, 22 annual weeting sharacts, 2003
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Enquiry into the referral
of the Committee for the Study of Toxicity by the DGAL regarding the article

“Differential effects of glyphosate and Roundup on human placental cells and aromatase.”
Richard S., Moslemi S., Sipahutar H., Benachour N., Seralani G.E.,
Environ. Health Perspect., 2005 (in the press; online 24 February 2005)

1. Documents received:
1.1. Letter from the SSM dated 21 Nov. 2005; appointment of the referral reporter

1.2.Letter from the DGAL (Directorate General for Food) dated 14 April 2005 (illegible
reference: 050 ?751): asking Monsanto Agriculture France SAS for comments on the
referenced article for sending to the European Commission and to the reporting country
(Germany)

1.3. Letter from Monsanto dated 26 April 2005 (reference ILG/YF/206): copy for the DGAL of
the dossier sent to DG Sanco and to Germany (letter dated 22 April 2005) and enclosed
documents:

1.3.1. Publication by Richard S. et al. 2005

1.3.2. Reply from Monsanto dated 2 March 2005 regarding the publication by Richard S.
et al. (written by: Donna R. Farmer, Daniel A. Goldstein, Monsanto, St. Louis, Missouri)

1.3.3. Publication by Marc J. et al., “Pesticide Roundup provokes cell division
dysfunction at the level of CDK1/cyclin B activation”, Chem. Res. Toxicol., 2002, 15, 326-
331

1.3.4. Reply from Monsanto dated 2 March 2005 regarding the publication by Marc J. et
al. (confidential document strictly for internal use in the company only)

1.3.5. PubMed abstract of the publication by Amouroux |. et al.,, "Mechanisms of
cytotoxicity by cosmetic ingredients in sea urchin eggs", Arch. Environ. Contam. Toxicol.,
1999, 36 (1), 28-37.

1.3.6. Comments by Fellous et al. dated 21 March 2005 regarding the publication by
Richard S. et al.

1.4. Letter from the DGAL dated 20 May 2005 (reference 0500204): copy of the Monsanto
dossier for the SSM mentioning the referral of the chairman of Com Tox in view of the
examination of the publication by Richard S. et al. and of the reply from Monsanto for June
2005

1.5. Letter from the DGAL dated 27 May 2005 (reference 0500254): report of the referral
examination (to be included in the agenda for December 2005)

1.6. Letter from the DGAL dated 12 October 2005 (reference 0500561): sending to the SSM
of an electronic copy of two documents and the German comments on the publication by
Richard S.

1.7.CD-ROM containing the electronic version of documents 1.3, 1.3.1., 1.3.2,, 1.3.3,, 1.3.4,,
1.3.6., and the complete version of Amouroux I. et al.

2. Analysis of the publication “Differential effects of glyphosate and Roundup on human
placental cells and aromatase” (Richard et al., Environ. Health Perspect. 2005)”
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2.1. Summary of the data:

2.1.1. The toxicity of Glyphosate (Sigma-Aldrich) and of Roundup (“‘commercial”; 360 g/l of
glyphosate), alone or combined, is tested on a line of human placental JEG3 cells by measuring
cellular viability (MTT test) and in vitro aromatase activity (radio-immunological dosage) searching
for the mechanism that modulates it (quantification of the mRNA), after exposure for 1, 18, 24 or
48 hours at concentrations that are said to be “representative” of the recommended uses (2% of
Roundup or equivalent concentration of glyphosate with pH adjustment) or lower levels. In
addition, the aromatase activity of microsomes from the placentas of non-smoker females and
from horse testicles was measured using the same exposure parameters, and the activity of
purified enzymes from horse testicles was determined (spectral studies, measurement of the
reductase NADPH activity).

2.1.2. The results show:

2.1.2.1. a considerable reduction of the viability of JEG3 cells (few data assessed, multiple
curves),

- the reduction for Roundup was twice that for glyphosate

- depending on the duration of exposure: documentable for 1 h and trebling for 18 h of
exposure ...

- depending on the concentration: first survival dropping point (around 20%) for 18 h of
exposure with 0.2% of Roundup and 0.8% of glyphosate, and zero viability for 18 h of exposure to
0.4% of Roundup and 1.9% of glyphosate),

- cannot be explained by the acidity of the solutions (pH = 5.8)

- increased for glyphosate in the presence of 0.1% of Roundup (for all concentrations of
glyphosate).

2.1.2.2. a considerable inhibition of the aromatase activity of the JEG3 cells (few data
assessed, multiple curves)

- only for Roundup for 18 hours of exposure with a concentration of more than 0.01%
(IC50 = 0.04%) while an exposure of one hour increases the activity by around 40% regardless of
the concentration (tested range: 0.01% to 0.2%)

- only present for the glyphosate when adding Roundup at 0.02% (2 concentrations tested:
0.18% and 0.38% of glyphosate)

- attributed to an effect on the expressivity of the gene CYP19 (drop of the mRNA)

2.1.2.3. a considerable inhibition of the microsomal aromatase activity of the human
(placenta) and equine (testicle) cells

- 3 times greater for Roundup (IC50 = 0.6%) than for glyphosate

- identical in the 2 cellular models tested

- attributed to direct interaction of glyphosate on the active site (spectral studies)

- associated with a smaller reduction of the reductase NADPH activity (IC50 = 5%)

2.1.3. In their comments on these results, the authors of the publication stress the following
points:
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2.1.3.1. The effect on the viability of JEG3 cells (ten times greater for Roundup than for
glyphosate) was highlighted by means of:

- using a serum-free medium, ensuring greater bioavailability and thereby optimising the
detection of the effect

- long exposure times, enabling a “genomic action” and a bioconcentration (with several
references supporting the toxic or genotoxic effects and the concentration of Roundup:
Peluso M. et al., 1998, Lioi M.B. et al., 1998, Mitchell D.G. et al., 1987, Vigfusson N.V. et
al., 1980 and Yousef M.I. et al., 1995)

2.1.3.2. The aromatase inhibition in JEG3 cells is induced by exposure with sufficient duration to
non-toxic concentrations of Roundup on its own (it being assumed that the stimulation observed
for a short exposure time is due to increased membrane permeability and improved bioavailability
in the substrate, induced by the presence of Roundup adjuvants).

2.1.3.3. This aromatase inhibition, which could result in a direct action on the enzyme, is
confirmed by measurements on human and equine microsomes which also show an inhibiting
potential of glyphosate (4 times less than that of Roundup).

2.1.3.4. The addition of low concentrations of Roundup to the glyphosate would grant the latter a
cytotoxic and aromatase-inhibiting potential, bioavailability being enhanced by the adjuvants.

2.1.4. The authors therefore conclude that:

- there exists a potential for endocrine disorders inducible in mammals by glyphosate
concentrations 100 times lower than those used for farming purposes.

- the direct action of glyphosate on the aromatase can explain certain reprotoxic effects observed
in vivo, supported mainly by several bibliographical references that report pregnancy problems
among users of glyphosate-based herbicides (Savitz D.A. et al. 2000), a disruption of the cell
cycle in sea urchin eggs (Marc J. 2002) or even post-transcriptional expression of a protein
regulating steroidogenesis in mouse tumoural Leydig cells (Walsch L.P. et al., 2000)

2.2. Comments:

2.2.1. In terms of its contents, this publication, which aims to put forward a suspicion of reprotoxic
effects by means of a potential endocrine disorder mechanism, has several major
methodological gaps:

2.2.1.1. A considerable number of the in vitro experiments were conducted on JEG3 cells, a
tumoural human cell line (potential proven by grafting onto nude mouse) derived from a
choriocarcinoma having a hypertriploid karyotype (70 chromosomes on average) with 5
chromosomes which are highly altered and cannot be classified and a single X chromosome.
These cells are capable of transforming the steroid precursors into oestrone and into oestradiol.
Such a karyotypical profile can grant the cellular model a response specificity that ensures no
final conclusions can be obtained without validating the reproducibility of the observations in
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other, mainly non-placental, cell lines.

2.2.1.2. Although claimed to be representative of or even 10 times lower than those used for
farming applications, the concentrations of Roundup used in the various experiments of this
publication must, in fact, be considered to be extremely high, since we are dealing with direct
exposure of cells or sub-cellular fractions.

- From the diagrams, an alteration of cellular viability appears with concentrations of more than
0.2% and aromatase inhibition with concentrations of around 0.02% of Roundup, which
respectively corresponds to 700 and 70 mg/l of glyphosate. Taking into account the limiting
factors represented by oral absorption (30%), skin absorption (0.3%) and elimination kinetics
(less than 1% of tissue waste after 7 days), such levels would involve considerable human
exposure, or several dozen litres of Roundup diluted at 2%.

- In its comments on the publication, the reporting country (Germany) stresses that the
concentrations of Roundup that trigger an effect on aromatase (0.5% - 2%) are at least 1000
times more effective than those of known aromatase inhibitors, such as azole derivatives.

2.2.1.3. A noteworthy fact, if the effects of Roundup on cellular viability and aromatase inhibition
(measured in cells and microsomes) are greater than those of glyphosate (having no noticeable
inhibiting effect on the cells), is that the addition of very low levels of Roundup would grant the
glyphosate a considerable cytotoxic effect (in the presence of 1% of Roundup) and aromatase
inhibition (in the presence of 2% of Roundup), the phenomenon being attributed by the authors to
an enhancement of the effects of the glyphosate by the Roundup adjuvants. Such an
interpretation seems contestable, all the more so since the authors mention a “multiplying effect
of Roundup on the endocrine effect of the glyphosate” in their conclusion, knowing that:

- The experimental protocol does not make it possible to show the influence of the adjuvants or,
a fortiori, a synergic effect with the glyphosate, since Roundup also contains glyphosate (it
would be necessary to obtain independent data regarding the adjuvants, glyphosate and the
connection between the two)

- The toxicity of the adjuvants is not argued, and no reference is made to the results published
in this field, notably:

o The multiple non-specific effects of surfactant agents on a broad range of cellular
targets, such as attacks on membrane permeability or integrity following the
induction of an ionic unbalance (work by Amouroux | et al.' regarding sea urchin

eggs)

o Attacks on the mitochondrial membrane induced by various surfactant agents
intended for household use (Farmer D.R. et al.ii)

- No analysis of the consistency of the various results seems to have been carried out, for
example placing the effects of pH on the cellular model used in perspective (stressing that
they adjusted the pH of the glyphosate solutions to that of the Roundup solutions, which is a
pH of 5.8, the authors specify that this acidification can only explain a 23% reduction in cell
survival after 18 hours of exposure, which is out of proportion to that induced in the
experiments; the fact remains that % of cell toxicity results from acidity!!!).
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2.2.2. In terms of its form, this publication comprises multiple instances of bias in its
arquments and its interpretation of the data:

2.2.2.1. To support the risk of human exposure to glyphosate, the authors refer to the works of
Acquavella J.F. et al.ii, reporting maximum levels of exposure to glyphosate of 0.004 mg/kg
among farmers and their families, values with no common measurement through experimentation.

2.2.2.2. To support the effects of glyphosate on reproduction and growth, the authors refer to the
works of Savitz D.A. et al.v, which report a moderate increase in the risk of premature births
among the wives of farmers who were exposed, three months before the pregnancy began, to a
large variety of pesticides including atrazine, glyphosate, organophosphates, 2-4D, etc. In a later
publication (Arbuckle T.E. et al.V) on the same issue (“Ontario Farm Family Health Studies”), an
increase on the limit of statistical significance in the risk of late miscarriages after pre-conception
exposure to glyphosate is apparent in the absence of an adjustment for possible confusion
factors, so that the interviewers themselves consider this result to be exploratory, mainly bearing
in mind the limitations relating to the measurement of exposures, which were assessed using
questionnaires, investigation complements being provided for specifying the molecules
incriminated using validated biological markers of exposure.

2.2.2.3. To support their lack of knowledge regarding the glyphosate action mechanism and the
possibility of multiple enzymatic effects, the authors refer mainly to the publication by Williams
G.M. et al.Vi, which consists of a review of the regulatory studies published on glyphosate and its
main metabolite (aminoethylphosphonic acid or AMPA) as well as on the formulations of
Roundup and the main surfactant agent used in it ("polyethoxylated tallow amine or POEA"). This
summary, which examines the various toxicological constituents step by step, states that "the
experimental evidence shows that neither glyphosate nor AMPA tend to concentrate in any of the
tissues, that no considerable toxicity is observed in the critical, sub-critical or chronic studies, that
there is no convincing proof of direct lesions of in vitro or in vivo DNA, and Roundup and its
formulants do not therefore pose any risks as regards the production of hereditary/somatic
mutations, ...that glyphosate is not carcinogenic, that glyphosate, AMPA and POEA are not toxic
for reproduction or growth... that the standardised studies of these molecules show no effect on
endocrine modulation...” and therefore concludes that “in current and foreseeable conditions of
use, Roundup does not pose any risk to humans” ...The reference to this publication therefore
appears to be absurd.

2.2.2.4. In order to support their concerns, the authors refer to the publication by Marc J. et al."i,
which reports a disruption of the cell cycle induced by Roundup in sea urchin eggs.

- This study of Roundup (170 g/l of glyphosate isopropylamine) and glyphosate (Cluzeau Info
Labo, France) reports:

- the dose-dependent induction of a delay in the first division of the sea urchin embryo,
considerable after six hours of exposure to a concentration of 0.8% of Roundup, with the
division stopping with concentrations of 1% (documentable effect for exposures of less
than 1 hour in a window not exceeding 1 hour after fertilisation).
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no effects of pure glyphosate on the kinetics of the first mitosis in a range of
concentration from 1 to 20 mM (respectively corresponding to the amount of glyphosate
present in 0.1% to 2% of Roundup)

the induction of a mitotic delay by the glyphosate (1-10 mM) in the presence of 0% - 2%
of Roundup (knowing that Roundup alone has no effect on the cycle at this
concentration), which leads the authors to imply a synergic effect

the absence of any effect from Roundup on egg lethality or damage to its subsequent
growth (cytological studies)

the absence of any in vitro effects of Roundup and glyphosate on the activities of the
CDK1/cyclin B complex (controlling the entry into phase M of the cycle) but the in vivo
induction of a delay in the activation of this complex as shown by the complete
suppression of H1 kinase activity and the considerable inhibition of protein synthesis
(with no reduction of cyclin B synthesis) in the presence of 0.8% of Roundup. This
observation leads the authors to establish the hypothesis that Roundup acts on a protein,
unknown to date, which is required for activating the CDK1/cyclin B complex!

- These results lead the authors to conclude that an alteration of the cellular cycle can be induced
by concentrations of Roundup that greatly exceed those of herbicidal uses (the residual
concentrations in water and soil being of around one nanomole, while those causing a disruption
of the cycle are of around one millimole), but...:

that this difference of concentrations can be partially compensated by very different
exposure times (?)

that the initial target in the embryo is not yet identified and may be affected by much
lower concentrations of Roundup

that 100% of cells are attacked during the experiment, while carcinogenesis comes from
several cells, resulting in the possibility of an effect with much smaller concentrations

that the surfactant agents contained in Roundup act on the cellular cycle in synergy with
glyphosate, which shows the existence of a single glyphosate (?)

- This publication attracts various types of criticism:

only Roundup can be considered as disrupting the kinetics of the cell cycle and the
consequences of this effect remain obscure since the eggs present no anomalies that
can be detected under microscopic examination and then develop normally

in the absence of any effect of glyphosate on the cycle, no valid conclusions can be
proposed regarding the existence of a possible synergetic effect with the Roundup
formulants (only an experiment comprising a study of the formulants, glyphosate and the
mix of formulants/glyphosate would be able to prove it)

the sensitivity of the sea urchin embryo model to different types of stress, mainly to
surfactant agents, is not questioned (Amouroux | et al., 1999)

the conclusions drawn by the authors are based more on speculation than on hard
scientific facts; no place is reserved for placing the toxicological data published regarding
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glyphosate in perspective, in particular mutagenesis and carcinogenesis

- In conclusion, this study should only be considered to be capable, at most, of shedding some
light on a potential action mechanism, but to be devoid of any power to predict carcinogenesis (a
delay in the cycle can, according to this point of view, be considered to be more beneficial insofar
as it generally allows the cell to repair lesions better). Such results cannot be used to question all
the experiments that prove the non-mutagenic and non-carcinogenic nature of glyphosate.

2.2.2.5. To support their experiments on aromatase, the authors refer to the publication by Walsch
L.P. et al.Vii, showing an inhibition of steroidogenesis induced by Roundup (180 g/I; source not
specified) in a tumoural cell line of mouse Leydig cells.

- This study reports:

- A dose reduction depending on the synthesis of progesterone induced only by Roundup
(Clso = 24.4 £ 0.67 pug/ml) with no concomitant reduction of protein synthesis; on the other
hand, glyphosate (source ?) does not disrupt neither the synthesis of steroids nor that of
proteins, in a range of concentrations from 0 to 100 pg/ml (results not reported in the
publication), which results in the hypothesis of target/s that is/are specific to Roundup.

- An inhibition of the enzymatic activities of steroidogenesis (segmentation — P450 of the
lateral cholesterol chain, 3 beta-hydroxysterioid dehydrogenase) after 2 hours of
exposure to 25 ug/ml of Roundup, is fully reversible after the end of the exposure time,
but not enough to explain the drop in steroid synthesis (result taken from experiments
combining stimulation by a cAMP dibutyryl, a precursor of hydroxycholesterol ...). In
addition, neither the mitochondrial level of these enzymes nor of the corresponding
mRNA are reduced far enough to explain the inhibition of steroidogenesis.

- On the other hand, Roundup considerably reduces the level of the StAR protein?
(involved in cholesterol passing through the mitochondrial membrane) without reducing
the corresponding mRNA rate, indicating a disruption of post-transcriptional regulation,
before kinasic activity, since Roundup does not reduce phosphokinase A (PKA) activity.

- Although the mechanism used by Roundup to disrupt post-transcriptional regulation of the StAR
protein remains unknown, the authors stress that this phenomenon is produced by one or several
formulants, since glyphosate does not alter steroidogenesis.

- These results have been questioned by the firm (document 1.3.2.) which reports on workix x
performed in cooperation with academic research laboratories (documents not supplied), showing
that the reduction of progesterone synthesis in this MA-10 line of Leydig cells would show an
attack on the mitochondrial membrane; these results were recently recalled in an abstract
available on the internet (Farmer D.R. et al., 2005).

3. Conclusion:

The endocrine disorder effects of Roundup or even of glyphosate put forward by Richard et al., as
well as their potential for disrupting the cellular cycle and its mutagenic and carcinogenic

2 Steroidogenic Acute Regulatory Protein
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consequences put forward by Marc J. et al. do not provide any elements that are relevant for
proving toxicity in humans, knowing that:

3.1. The conclusions are only based on in vitro experiments relating to non-validated, non-
representative cellular models (tumoural lines, sea urchin eggs) which were directly exposed to
supra-physiological concentrations of the substances.

3.2. A broad spectrum of regulatory studies of mutagenesis, carcinogenesis and toxicity for
reproduction does not provide evidence of the effect of glyphosate with the highest
concentrations tested. The EU has furthermore used a safety factor of 100 on the basis of other
effects observed in the long-term study on rats, for fixing the ADA of glyphosate (0.3 mg/kg).

3.3. No epidemiological studies allow direct incrimination of glyphosate or the formulations of
Roundup as regards their effects on reproduction.

3.4. Remarkably, Roundup appears to be more “active” than glyphosate in the various biological
parameters measured. This phenomenon is also observed in other cellular models used to
examine the cellular cycle (sea urchin eggs) or the synthesis of steroidal hormones (Leydig
tumoural cells). Such observations lead, evidently, to questioning the effect of surfactant agents
on cellular and/or mitochondrial membranes, while several publications prove their toxicity across
a very large number of biological parameters. It is therefore highly possible, as certain authors
suggest, that direct exposure of cells to these formulants can explain all the effects found in all
these in vitro experiments.

3.5. The authors over-interpret their results in the area of potential health consequences for
humans (unsuitable references, non-sustained in vitro-in vivo extrapolation, etc.).

i Amoroux I, Pesando D., Noel H., Girard J-P. Mechanisms of cytotoxicity by cosmetic ingredients in sea urchin eggs,
Arch. Environ. Contam. Toxicol., 36, 28-37, 1999

i Farmer D.R., Levine S.L., Heydens W.F., Garnett, R., Han Z. Papadopoulos V., Mitochondrial mediated effects of
surfactant on MA-10 cells steroidogenesis, Abstracts/Toxicological Letters, 158S (2005) — S258

it Acquavella J.F., Bruce H., Alexander B.H., Mandel J.S., Gustin C., Baker B., Chapman P., Blecke M., Glyphosate
biomonitoring for farmers and their families: results from the farm family exposure study. Environ. Health Perspect.,
112: 321-326, 2004

¥ Savitz D.A., Arbuckle T., Kaczor D., Curtis K.M., Male pesticides and pregnancy outcome, Am. J. Epidemiol., 146,
1025-1036, 2000.

vV Arbuckle T., Linz M., Mery L., An explanatory analysis of the effect of pesticide exposure on the risk of spontaneous
abortion in an Ontario farm population, Environ. Health Perspect., 109: 851-857, 2001

Vi Williams G.M., Kroes R., Munro I.C., Safety evaluation and risk assessment of the herbicide Roundup and its active
ingredient, glyphosate for humans, Regul. Toxicol. Pharmacol., 31: 117-165, 2000

Vi Marc J., Mulner-Lorillon O., Boulben S., Hureau D., Durand G., Bellé R., Pesticide Roundup provokes cell division
dysfunction at the level of CDK1/cyclin B activation, Chem. Res. Toxicol., 15: 326-331. 2002

viil Walesh L.P., McCormick C., Martin C., Stocco D.M., Roundup inhibits steroidogenesis by disrupting steroidogenic
acute regulatory (StAR) protein expression, Environ. Health Perspect., 108: 769-776, 2000

X Levine S.L., Farmer D.R., Heydens W.F., Han Z., Wall C., Papadopoulos V., Non-specific alteration of

steroidogenesis in vitro by supra-physiological levels of surfactant, Society of Environmental Toxicology and
Chemistry, 22nd annual meeting abstracts, 2003
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* Heydens W.F., Levine S.L., Farmer D.R., Han Z., Wall C., Papadopoulos V., Non-specific alteration of
steroidogenesis in Ma-10 Leydig cells by supra-physiological concentrations of the surfactant in Roundup herbicide,
Toxicologist, 131, 2003
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Afssa — saisine n°2008-SA-0034 - Glyphosate

Maisons-Alfort, le 26 mars 2009

AGENCE FRANGAISE
0F SECURITE SANITAIRE
DES ALIMENTS

AVIS

de "'Agence francaise de sécurité sanitaire des alimenis
LA DIRECTRICE GENERALE relatif au glyphosate ot aux préparations phytopharmaceutigues
a base de cette substance active

L'Agence francgaise de sécurité sanitaire des aliments (Afssa) a été saisie le 28 janvier 2009 par
la Direction générale de la santé et la Direction générale de l'alimentation d'une demande d'avis
relatif au glyphosate et aux préparations phytopharmaceutiques a base de cette substance active
suite & la publication dans la revue scientifique "Chemical Research in Toxicology" d'un article
intitulé "Glyphosate formulations induce apoptosis and necrosis in human umbilical, embryonic
and placental cells" de Nora Benachour et Gilles-Eric Séralini, article paru le 23 décembre 2008
sur internet.

Il est demandé a I'Afssa d'analyser ces travaux afin de déterminer s'ils sont de nature a remettre
en cause les autorisations accordées pour toutes les spécialités phytopharmaceutiques a base
de glyphosate ou de modifier leurs conditions d'utilisation.

Aprés consultation du Comité d'experts spécialisé "Produits phytosanitaires : substances et
préparations chimiques”, réuni les 24 et 25 mars 2009, I'Agence francaise de sécurité sanitaire
des aliments émet l'avis suivant.

CONTEXTE

Cet article fait suite a deux autres articles parus précédemment provenant de la méme équipe“ 2
qui étudient in vitro les effets cytotoxiques du glyphosate et de préparations a base de cette
substance active. Dans I'ensemble des articles, cette équipe traite des cellules en culture avec le
glyphosate seul, son métabolite majeur FAMPA® et/ou I'une ou plusieurs de ses préparations.

Méthodologie

La toxicité du Glyphosate (G) (origine Sigma-Aldrich), du métabolite AMPA (origine Sigma-
Aldrich), du formulant tensicactif POEA (amine de suif poly-éthoxylée“, fourni par le
CNRS/Roscoff) et de 4 formulations de Roundup (origine Monsanto) achetées sur le marché
(Roundup Express ou R7.5, Roundup Bioforce ou R360, Grands Travaux ou R400° et Grands
Travaux plus ou R450, contenant respectivement 7,2 g/L, 360 g/L, 400 g/L et 450 g/L de
glyphosate), seuls ou en association, est testée sur 3 modéles cellulaires humains (lignée de
cellules tumorales placentaires JEG3, lignée de cellules rénales embryonnaires 293 et cultures
primaires de cellules endothéliales de la veine ombilicale HUVEC). Les paramétres mesurés sont
la viabilité cellulaire (activité mitochondriale par le dosage de [activité de la succinate
déshydrogénase (SD) a l'aide du test MTT, atteinte membranaire par le dosage de l'adénylate
kinase (AK) et apoptose par le dosage des caspases 3 et 7). Ces mesures sont complétées par
un examen microscopique pour une analyse morphologique de 'apoptose (marquage DAPI).

Richard, S., Moslemi, S., Sipahutar, H., Benachour, N., and Séralini, G. E. (2005) Differential effects of glyphosate
and roundup on human placental cells and aromatase. EnViron. Health Perspect. 113, 716- 720.

2 Benachour, N., Sipahutar, H., Moslemi, S., Gasnier, C., Travert, C., and Séralini, G. E. (2007) Time and dose-
dependent effects of roundup on human embryonic and placental cells and aromatase inhibition. Arch. EnViron.
Contam. Toxicol. 53, 126-133.

AMPA : acide aminométhylphosphonique, métabolite trouvé dans les études de métabolisme dans le sol, I'eau, les
végeétaux et les animaux.

Polyethoxylated tallowamine.

Préparation ne disposant plus actuellement d'autorisation de mise sur le marché.
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Afssa — saisine n°2008-SA-0034 - Glyphosate

Les produits testés sont mis en solution dans le milieu de culture sans sérum a la concentration
de 1 ou 2 % qui sont, d’aprés les auteurs, les concentrations recommandées par le fabriquant
pour préparer les bouillies herbicides a appliquer. Le pH de la solution de glyphosate a été ajusté
dans le milieu de culture & 5,8, équivalent a celui de la préparation Roundup Bioforce (360 g/L).
Les cellules sont mises en contact pendant 24 heures en continu dans le milieu de culture sans
sérum a diverses dilutions des solutions initiales.

Résultats

Selon les auteurs, les résultats montrent que :

e le glyphosate et les 4 formulations de Roundup induisent une mortalité cellulaire dans les
3 types cellulaires étudiés, avec "une ftoxicité comparable pour chacun, mais a des
concentrations différentes” ;

¢ un effet du métabolite AMPA et du tensioactif POEA sur la mortalité cellulaire, via 'atteinte
mitochondriale (SD) et membranaire (AK) ;

o un effet combiné du glyphosate, du métabolite AMPA ou du tensioactif POEA sur l'intégrité
membranaire (combinaisons des composés 2 a 2 en retenant pour chacun la concentration
maximale sans effet sur I'activité mitochondriale) ;

e linduction par le glyphosate et le Roundup Bioforce (R360) d’'une mortalité au moins en
partie liée a une apoptose médiée par la voie des caspases.

Rappelant les résultats de leurs études antérieures sur le Roundup (effets sur la viabilité
cellulaire et la synthése des stéroides hormonaux, potentiel de bioaccumulation), les auteurs en
concluent que :
"fe niveau seuil d’action de I'herbicide doit prendre en compfe la période et la durée
d’exposition, la présence d’adjuvants, notamment le POEA, le métabolisme et la
bioaccumulation ou les effets retardés dans le temps”;

- "les effets ci-dessus sont démontrés en dessous des dilutions de I'herbicide recommandées
en agriculture [...] les mélanges disponibles sur le marché peuvent endommager les cellules
voire la mort cellulaire aux niveaux résiduels attendus, en particulier dans les denrées
alimentaires”.

AVIS DE L'AFSSA
Cette publication appelle plusieurs commentaires d'une part, d'ordre méthodologique et d'autre
part, en termes d'interprétation des résultats.

Commentaires d'ordre méthodologique

Les lignées cellulaires employées présentent des caractéristiques qui peuvent étre a l'origine d'un

biais important dans l'interprétation des résultats :

- lalignée humaine JEG3 est une cellule cancéreuse provenant d’'un choriocarcinome humain.
Cette lignée est hypertriploide et présente majoritairement 71 chromosomes (au lieu de 486
dans les cellules humaines). Outre les anomalies génomiques, cette lignée présente de
nombreuses anomalies du génome telles que translocations, inversions et délétions :
t(4;11)(p15;913), i(13q), t(10p15q), del(18)(g21) ;

- la lignée de cellules humaines de rein 293 qui est une lignée transformée par un adénovirus
5. Il s’agit d’'une cellule cancéreuse, elle est hypotriploide et présente majoritairement 64
chromosomes (au lieu de 46 dans les cellules humaines), 4.2 % des cellules présentent une
ploidie supérieure. Outre les anomalies génomiques, cette lignée présente de nombreuses
anomalies du génome : der(1)t(1;15) (q42;q13), der(19t(3;19) (g12;913), der(12){(8;12)
(922;p13) ;

- la lignée appelée HUVEC (pour Human Umbilical Vein Endothelial Cells) n’est pas
référencée a I'ATCC, elle est commercialisée par une société appelée LONZA. |l s’agit de
cellules endothéliales provenant de veines ombilicales humaines. On ne dispose pas
d’information sur ces cellules. Les cellules sont utilisées a un passage précoce (5 ou 6).

Pendant la phase d’exposition aux différents produits, les cellules sont maintenues en culture
dans un milieu sans sérum ce qui peut conduire a perturber I'état physiologique des cellules. Une
telle méthodologie pourrait étre acceptable pour des traitements courts (3-4 heures) mais en
aucun cas pour des traitements longs de 24 heures. De plus, le glyphosate utilisé dans I'étude
est du glyphosate acide alors que dans les préparations testées il est sous forme de sel
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d'isopropylamine. Le pH de la solution a la plus forte concentration a été ajusté dans le milieu de
culture a 5,8. Pour les dilutions de la solution de glyphosate et des autres préparations testées,
aucune précision n'est donnée sur le pH.

L.a publication ne mentionne aucun témoin positif notamment pour le test d'apoptose.

Commentaires sur les résultats

1 La cytotoxicité du glyphosate apparait aux concentrations supérieures ou égales a 1 %, soit
3,6 g/L. tandis que 'AMPA n’est que trés Iégérement plus toxique sur les 3 types cellulaires,
en prenant comme marqueur l'activité succinate deshydrogénase mitochondriale.

A ces niveaux de doses, on peut s'interroger sur l'impact du pH et des variations de pression
osmotique sur la survie cellulaire.

2 Le glyphosate induit a forte dose de I'apoptose déterminée par I'activité caspase 3/7.

Ces résultats pourraient n'étre pas spécifiques de l'effet du glyphosate mais dus a l'effet du
pH et/ou a 'osmolalité qui induisent de I'apoptose comme cela a pu étre montré dans une
étude sur des cellules en culture (Meintiéres et Marzin, 20046).

3 L’apoptose apparait plus marquée sur les cellules HUVEC.
Les auteurs ne formulent aucune hypothése pour expliquer cette observation.

4 Les préparations sont plus toxiques que le glyphosate administré a des doses équivalentes,
mais cette augmentation de toxicité peut s’expliquer par I'effet du tensioactif POAE.

En raison des propriétés du tensioactif et de 'augmentation de l'osmolalité du milieu de
culture, il est possible que les membranes cellulaires et celles des organites soient
désorganisées. De plus, le tensioactif posséde une toxicité propre par une action sur les
membranes et favorise 'augmentation de la pénétration cellulaire par les constituants du
mélange. De trés nombreux agents tensioactifs présentent in vitro des effets cytotoxiques et
inducteurs d’apoptose. C’est par exemple ce qu’a démontré Debbasch ef al. (20()1)7 avec le
chlorure de benzalkonium, par ailleurs largement utilisé en usage local, cutané et oculaire
pour la désinfection, sans que cela ne conduise a des effets toxiques inacceptables.

Enfin, concernant les associations AMPA+glyphosate+POEA, les résultats différent d’une lignée
a l'autre sans que I'on puisse en tirer des conclusions claires.

Conclusions

1 Les conclusions ne reposent que sur des expérimentations in vifro portant sur des modéles
cellulaires non validés, non représentatifs (en particulier des lignées tumorales ou
transformées) exposés directement a des concentrations de produits extrémement élevées
dans des conditions de culture ne respectant pas les conditions physiologiques cellulaires
normales. Ces travaux ne mettent en lumiére aucun nouveau mécanisme d'action du
glyphosate et des préparations contenant du glyphosate.

2 Un large spectre d’études réglementaires de mutagenése, de cancérogenése, et de toxicité
pour la reproduction visant & évaluer les effets du glyphosate a permis de définir une dose
journaliére admissible® (DJA). Cette valeur de référence, fixée a 0,3 mg/kg de poids corporel

Apoptosis may contribute to false-positive results in the in vitro micronucleus test performed in extreme osmolality,
ionic strength and pH conditions. Meintieres S. et Marzin D.. Mutation research. 2004 ; 560(2) : 101-18.

Quaternary ammoniums and other preservatives' contribution in oxidative stress and apoptosis on Chang
conjunctival cells. Debbasch C, Brignole F, Pisella PJ, Warnet JM, Rat P, Baudouin C Invest Ophthalmol Vis Sci.
2001 Mar;42(3):642-52.

DJA : La dose journaliére admissible (DJA) d'un produit chimique est une estimation de la quantité de substance
active présente dans les aliments ou I'eau de boisson qui peut étre ingérée tous les jours pendant la vie entiére,
sans risque appréciable pour la santé du consommateur, compte tenu de tous les facteurs connus au moment de
I'évaluation. Elle est exprimée en milligrammes de substance chimique par kilogramme de poids corporel (OMS,
1997).
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et par jour lors de I'évaluation européenne, est fondée sur une dose sans effet observé
déduite d'une étude a long terme 2 ans par voie orale chez le rat a laquelle un facteur de
sécurité de 100 a été appliqué pour prendre en compte I'extrapolation de I'animal a 'homme.

Dans le cadre des demandes de mise sur le marché, les préparations font également 'objet
d’études spécifiques réglementaires qui permettent d’évaluer la toxicité des formulants et les
effets cumulatifs potentiels de ces derniers avec la substance active.

L’évaluation prend en compte les effets des formulants, sur la base d’une évaluation des
dangers et des risques en utilisant des doses de référence comme la DJA pour le
consommateur et 'AOEL® pour l'opérateur et 'exposition qui est estimée en se basant sur
des modeles ou des données expérimentales.

3 Les formulations de Roundup apparaissent plus "actives" que le glyphosate sur les divers
parameétres biologiques mais ce phénoméne est également observé dans d’autres modéles
cellulaires utilisés pour examiner le cycle cellulaire (ceuf d’oursin) ou la synthése des
hormones stéroidiennes (cellules tumorales de Leydig). De telles observations conduisent, a
'évidence, a mettre en cause l'effet des tensioactifs sur les membranes cellulaires et/ou
mitochondriales, d’autant que plusieurs publications en démontrent les effets sur un grand
nombre de parameétres biologiques. Il est donc hautement probable que I'exposition directe
de cellules a ces formulants puisse expliquer I'ensemble des effets constatés dans toutes ces
expérimentations in vitro.

4 Les auteurs sur-interprétent leurs résultats en matiére de conséguences sanitaires
potentielles pour 'homme, notamment fondées sur une extrapolation in vifro-in vivo non
étayée. Compte tenu des facteurs limitants que représentent I'absorption orale (environ de
30 %), 'absorption cutanée (environ de 3 %), la cinétique d’élimination (présence de moins
de 1% de résidus tissulaires a 7 jours) mesurées dans les études de métabolisme du
glyphosate, les teneurs mises en jeu dans ces expérimentations impliqueraient des
expositions humaines au glyphosate considérables pour obtenir de tels effets cytotoxiques
chez 'homme.

Au regard de ces éléments, 'Agence francaise de sécurité sanitaire des aliments estime que les
effets cytotoxiques du glyphosate, de son métabolite AMPA, du tensioactif POAE et des
préparations & base de glyphosate avancés dans cette publication n’apportent pas de nouveaux
éléments pertinents qui scient de nature a remettre en cause les conclusions de I'évaluation
européenne du glyphosate ni celles de I'évaluation nationale des préparations.

Pascale BRIAND

Mots-clés : glyphosate

o AOEL : (Acceptable Operator Exposure Level ou niveaux acceptables d'exposition pour I'opérateur) est la quantité

maximum de substance active & laquelle l'opérateur peut étre exposé quotidiennement, sans effet dangereux pour
sa santé.
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afssa
Maisons-Alfort, 26 March 2009

NOTICE

from the French Agency for Food Safety
regarding glyphosate and phytopharmaceutical preparations
based on this active substance

A request was made to the French Agency for Food Safety (Afssa) on 28 January 2009 by the
Directorate-General for Health and the Directorate-General for Foods for advice regarding
glyphosate and phytopharmaceutical preparations based on this active substance following
publication in the scientific journal “Chemical Research in Toxology” of an article entitled
“Glyphosate formulations induce apoptosis and necrosis in human umbilical, embryonic and
placental cells” by Nora Benachour and Gilles-Eric Séralini, an article published on the internet on
23 December 2008.

Afssa was requested to analyse these works in order to determine whether they were of a nature to
call into question the permits granted for all phytopharmaceutical speciality products based on
glyphosate or to alter their conditions of use.

Following consultation with the committee of experts specialising in “Phytosanitary products:
chemical substances and preparations”, which met on 24 and 25 March 2009, the French Agency
for Food Safety issued the following notice.

CONTEXT

This article followed two other articles published previously which originated from the same team'-2
who are studying in vitro the cytotoxic effects of glyphosate and preparations based on this active
substance. In all of the articles, this team examined cells in culture with glyphosate alone, with its
main metabolite AMPA? and/or with one or more of its preparations.

Methodology

The toxicity of Glyphosate (G) (obtained from Sigma-Aldrich), the metabolite AMPA (obtained from
Sigma-Aldrich), the tensioactive co-formulant POEA#* (supplied by CNRS, Roscoff) and four
formulations of Roundup (obtained from Monsanto) purchased on the market (Roundup Express or
R7.5, Roundup Bioforce or R360, Grands Travaux or R400% and Grands Travaux plus or R450,
containing respectively 7.2 g/L, 360 g/L, 400 g/L and 450 g/L glyphosate), alone or in combination,
was tested on three human cell models (placental tumour cell line JEG3, embryonic renal cell line
292 and primary cultures of endothelial cells from the umbilical vein HUVEC). The parameters
measured were cell viability (mitochondrial activity by dosage of the succinate dehydrogenase (SD)
activity by means of the MTT test, membrane attack by dosage of adenylate kinase (AK) and
apoptosis by dosage of caspases 3 and 7). These measures are complemented by a microscopic
examination for morphological analysis of the apoptosis (DAPI marking).

" Richard, S., Moslemi, S., Sipahutar, H., Benachour, N. and Séralini, G.E. (2005) Differential effects of
glyphosate and roundup on human placental cells and aromatase. EnViron. Health Perspect. 113, 716-720.

2 Banachour, N., Sipahutar, H., Moslemi, S., Gasnier, C., Travert, C., and Séralini, G.E. (2007) Time and dose-
dependent effects of roundup on human embryonic and placental cells and aromatase inhibition. Arch.
EnViron. Contam. Toxicol. 53, 126-133.

3 AMPA: aminomethyl phosphonic acid, a metabolite found in metabolic studies on soil, water, vegetables and
animals.

4 Polyethoxylated tallow amine.

5 A preparation currently no longer licensed for marketing.
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The products tested were put in solution in the culture medium without serum in concentrations of 1
or 2% which are, according to the authors, the concentrations recommended by the manufacturer to
prepare the herbicidal compositions for application. The pH of the glyphosate solution was adjusted
in the culture medium to 5.8, equivalent to that of the preparation Roundup Bioforce (360 g/L). The
cells were brought into contact for 24 hours continuously in the culture medium without serum in
various dilutions of the initial solutions.

Results

According to the authors, the results show:

e That the glyphosate and the four formulations of Roundup induce cell mortality in the three cell
types studied, “each with comparable toxicity, but at different concentrations”,

e An effect of the metabolite AMPA and the tensioactive POEA on cell mortality, through
mitochondrial (SD) and membrane (AK) attack;

e A combined effect of glyphosate, the metabolite AMPA or the tensioactive POEA on membrane
integrity (combinations of two compounds, using the maximum concentration for each with no
effect on mitochondrial activity);

e Induction by the glyphosate and the Roundup Bioforce (R360) of mortality at least partly
connected with apoptosis mediated through the caspases.

Recalling the results of their earlier studies on Roundup (effects on cell viability and hormonal

steroid synthesis, bioaccumulation potential), the authors conclude from these that:

- “the action threshold for the herbicide must take into account the period and the duration of
exposure, the presence of adjuvants, in particular POEA, metabolism and bioaccumulation or
delayed effects over time”,

- ‘the above effects are demonstrated below the dilutions of the herbicide recommended in
agriculture [...] the mixes available on the market may damage cells or even (cause) cell death
at the residual levels expected, in particular in foodstuffs”.

AFSSA’s advice
This publication raises several comments, on the one hand, of a methodological nature, and on the
other hand, in terms of interpretation of the results.

Comments of a methodological nature

The cell lines used present characteristics which may be at the source of a significant biais in the

interpretation of the results:

- The human line JEG3 is a cancerous cell originating from a human choriocarcinoma. This line
is hypertriploid and in the majority of cases presents 71 chromosomes (rather than the 46 in
human cells). Apart from the genomic anomalies, this line presents numerous anomalies of the
genome such as translocations, inversions and deletions: t(4;11)(p15;q13), i(13q), t{(10p15q),
del(18)(g21);

- The line of human kidney cells 293 which is a line transformed by an adenovirus type 5. This is
a cancerous cell; it is hypotriploid and in the majority of cases presents 64 chromosomes
(rather than the 46 in human cells); 4.2% of the cells present higher ploidy. Apart from the
genomic anomalies, this line presents numerous anomalies of the genome: der(1)t(1;15)
(942;913), der(19)t(3;19) (912;q13), der(12)t(8;12) (922;p13);

- The line called HUVEC (human umbilical vein endothelial cells) is not referenced in ATCC; it is
marketed by a company called LONZA. These cells are endothelial cells from human umbilical
veins. No information on these cells is available. The cells are used in early passage (5 or 6).

During the stage of exposure to the various products, the cells are kept in culture in a medium
without serum, which could lead to disturbance of the physiological state of the cells. A methodology
such as this might be acceptable for short treatments (3-4 hours) but in no circumstances for long
treatments of 24 hours. Moreover, the glyphosate used in the study is glyphosate acid, whereas in
the preparations tested it is in the form of an isopropylamine salt. The pH of the strongest
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concentration of the solution was adjusted in the culture medium to 5.8. For the dilutions of the
glyphosate solution and the other preparations tested, no precise information is given about the pH.

The publication does not mention any positive evidence for the apoptosis test.

Comments on the results

1. The cytotoxicity of glyphosate appeared at concentrations equal to or higher than 1%, or 3.6g/L,
while AMPA is only very slightly more toxic on the three cell types, taking the mitochondrial
succinate dehydrogenase activity as a marker.

At these dosage levels, the effect of the pH and the variations in osmotic pressure on cell
survival may be questioned.

2. The glyphosate in strong doses induces apoptosis determined by the caspase 3/7 activity.

These results may not be specific to the effect of the glyphosate but due to the effect of the pH
and/or osmolality which induce apoptosis, as has been shown in a study on cells in culture
(Meintieres and Marzin, 200456).

3. Apoptosis appears more marked in the HUVEC cells.
The authors do not formulate any hypothesis to explain this observation.

4. The preparations are more toxic than glyphosate administered in equivalent doses, but this
increase in toxicity can be explained by the effect of the tensioactive POAE.

Owing to the properties of the tensioactive and the increase in the osmolality of the culture
medium, it is possible that the cell membranes and those of the organelles are disorganised.
Moreover, the tensioactive has its own toxicity through an action on the membranes and
promotes an increase in cell penetration by the constituents of the mixture. A great many
tensioactive agents present in vitro cytotoxic effects and induce apoptosis. This has been
demonstrated for example by Debbasch et al (2001)7 with benzalkonium chloride, which is
moreover widely used locally, cutaneously and ocularly for disinfection, without this causing
unacceptable toxic effects.

Finally, with regard to the combinations AMPA + glyphosate + POEA, the results differ from one line
to the next without it being possible to draw clear conclusions from this.

Conclusions

1. The conclusions rest only on experiments in vitro concerning unvalidated, non-representative
cell models (in particular tumour or transformed cell lines) directly exposed to extremely high
product concentrations in culture conditions which do not observe normal cell physiological
conditions. These works do not bring to light any new action mechanism of glyphosate and
preparations containing glyphosate.

2. A wide spectrum of statutory studies on mutagenesis, carcinogenesis and reproduction toxicity
aimed at assessing the effects of glyphosate have made it possible to define an admissible daily
intake (ADI)8. This reference value, set at 0.3 mg per kg of body weight per day at the time of
the European assessment, is based on a dose with no observed effect deduced from a two-year

6 Apoptosis may contribute to false-positive results in the in vitro micronucleus test performed in extreme
osmolality, ionic strength and pH conditions. Meintiéres S. and Marzin D.. Mutation research. 2004; 560(2):
101-18.

7 Quaternary ammoniums and other preservatives’ contribution in oxidative stress and apoptosis on Chang
conjunctival cells. Debbasch C, Brignole F, Pisella PJ, Warnet JM, Rat P, Baudouin C. Invest Ophthalmol Vis.
Sci. 2001 Mar; 42(3): 642-52.

8 ADI: the admissible daily intake (ADI) of a chemical product is an estimate of the quantity of the active
substance present in foods or drinking water which can be ingested every day throughout the consumer’s
lifetime without appreciable risk to the health of the consumer, taking account of all factors known at the time of
the assessment. It is expressed in milligrams of chemical substance per kilogram of body weight (WHO, 1997).
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long-term study with oral administration in rats to which a safety factor of 100 has been applied
to take account of the extrapolation from animal to human.

In the processing of requests to market a product, preparations are also subjected to specific
statutory studies allowing the assessment of the toxicity of the co-formulants and the potential
cumulative effects of the latter with the active substance.

The assessment takes account of the effect of the co-formulants, based on an assessment of
the dangers and risks using reference doses such as the ADI for consumers and the AOEL? for
operators and the exposure which is estimated based on models or experimental data.

3. The formulations of Roundup appear more “active” than glyphosate on various biological
parameters but this phenomenon is also observed in other cell models used to examine the cell
cycle (sea urchin ovum) or the synthesis of steroidal hormones (Leydig tumour cells). Such
observations evidently call into question the effect of the tensioactives on the cell membranes
and/or mitochondrial membranes, particularly since several publications demonstrate their
effects on a large number of biological parameters. It is therefore highly probable that direct
exposure of cells to these co-formulants can explain all the effects noted in all of these in vitro
experiments.

4. The authors over-interpret their results with regard to potential health consequences for
humans, based in particular on an unsupported in vitro—in vivo extrapolation. Taking account of
the limiting factors represented by oral absorption (around 30%), cutaneous absorption (around
3%), elimination kinetics (presence of less than 1% of tissue residues at 7 days) measured in
studies on the metabolism of glyphosate, the contents brought into play in these experiments
would entail considerable human exposure to glyphosate to obtain such cytotoxic effects in
humans.

Taking these factors into consideration, the French Agency for Food Safety judges that the cytotoxic
effects of glyphosate, its metabolite AMPA, the tensioactive POAE and other glyphosate-based
preparations put forward in this publication do not bring out any pertinent new facts of a nature to
call into question the conclusions of the European assessment of glyphosate or those of the national
assessment of the preparations.

Pascale BRIAND

Keywords: glyphosate

® AOEL: (Acceptable Operator Exposure Level) is the maximum quantity of active substance to which
the operator may be exposed daily without danger to his health.
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Abstract It is well established that surfactants can
elicit cytotoxic effects at threshold concentrations by
changing the permeability and solubilizing compo-
nents of cell membranes. The purpose of this study
was to characterize the relationship between pertur-
bation of the mitochondrial membrane resulting from
treatment with representative cationic, nonionic, and
anionic surfactants and the extent to which this
perturbation affects steroid formation and StAR
protein expression and activity in MA-10 Leydig
cells. The StAR protein is synthesized as an active
37 kDa extramitochondrial form, which is processed
into a 30 kDa intramitochondrial form after choles-
terol transfer and mitochondrial import and process-
ing. It has been shown in several in vifro studies that
the mitochondrial electrochemical gradient is required
for the StAR protein to transfer cholesterol to the
inner mitochondrial membrane. Each substance that
was tested produced a concentration-dependent de-
crease in steroid formation in hCG-stimulated MA-10
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cells. Decreases i progesterone production were
accompanied by loss of mitochondrial membrane
potential and by a decrease in the levels of the
30 kDa form of the StAR protein. However, levels of
the 37 kDa form of the StAR protein did not decrease,
indicating no effect on StAR protein expression.
These results demonstrate how perturbation of the
mitochondrial membrane by surfactants inhibits im-
port, processing, and cholesterol transfer activity and
underscore the importance of including sensitive
assays that evaluate mitochondrial function when
screening for potential effects on steroidogenesis with
in vitro test systems.

Keywords Surfactant - Steroidogenesis -
Steroidogenic acute regulatory protein - Mitochondria -
Leydig cells - Testis

Abbreviations

33-HSD  3f3-hydroxysteroid dehydrogenase

DMEM  Dulbecco’s modified Eagle’s medium
G3PDH  glyceraldehyde—3—phosphate dehydrogenase
hCG human chorionic gonadotropin

HPLC high-performance liguid chromatography
1Csg median inhibitory concentration

LDH factate dehydrogenase

MITT 3—{4,5~dimethylthiazol-2-y1)-2,
S—diphenyltetrazolium bromide

P450scc  cytochrome P450 side-chain cleavage
PBS phosphate buffered saline
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POEA polyoxyethylencalkylamine
RIA radioimmunoassay

StAR steroidogenic acute regulatory
Introduction

1t 1s well established in the scientific literature that
surfactants can clicit cytotoxic effects at threshold
concentrations. The disturbance of normal cellular
function results from changes in the permeability of
cell membranes, solubilizing components of cell
membranes, and possibly via fusion of cell mem-
branes (Lucy 1970; Dimitrijevic et al. 2000). Disrup-
tion of membrane integrity is at the center of many of
the observed biological effects of surfactants. Conse-
quently, effects observed when surfactants are applied
directly to cells in culture, without considering
barriers such as cell membranes and metabolism that
may prevent the surfactant from reaching the site of
action in the whole animal, must be interpreted with
extreme caution. Therefore, when cxamining the
potential for toxicity of surfactants on specific cellular
functions cytotoxicity measurements must be includ-
ed in parallel assays and evaluated carefully.

The primary objective of this study was to under-
stand the relationship between disruption of mito-
chondrial membrane function caused by commonly
used cationic, anionic, and nonionic surfactants and
its subsequent effect on steroidogenesis in an in vifro
test system following acute exposure. For this
purpose, cultured MA-10 Leydig cells were chosen
because they are frequently used as a model system to
understand biochemical regulation of steroidogenesis,
usually with an endpoint of progesterone production.
The biosynthesis of all steroid hormones begins with
the transfer of cholesterol across the inner mitochon-
drial space from the outer mitochondrial membrane to
the inner mitochondrial membrane, a process that
depends on the action of the StAR (steroidogenic
acute regulatory ) protein (Christenson et al. 2001;
Stocco 2001). The conversion of cholesterol to preg-
nenolone is catalyzed by the P450sce (cytochrome
P450 side-chain cleavage) component of the choles-
terol side-chain cleavage enzyme system located on
the matrix side of the inner mitochondrial membrane
(Simpson and Boyd 1966). Pregnenolone is then
converted to progesterone by the 33-hydroxysteroid
dehydrogenase (33-HSD) enzyme system in the

& Springer

cytosol. The biologically active form of the StAR
protein is synthesized as a 37 kDa extramitochondrial
protein, which is then inactivated after cholesterol
transfer by processing into the 30 kDa intramitochon-
drial form (Artemenko et al. 2001; Bose et al. 2002).
It has been shown in several in vitro studies, including
MA-10 Leydig cells, that the mitochondrial electro-
chemical gradient is required for the StAR protein to
tacilitate cholesterol transfer to the inner membrane of
mitochondria (King and Stocco 1996; King et al.
1999, 2000, Diemer et al. 2003; Granot et al. 2003,
Hales et al. 2003). Additionally, dissipation of the
mitochondrial electrochemical gradient has been
shown to block import of the StAR protein into the
mitochondria (King et al. 2000; Diemer et al. 2003;
Granot et al. 2003; Hales et al. 2005).

The secondary objective of this study was to
broaden an earlier investigation of the effect of direct
exposure to a concentrated Lawn and Garden Round-
up branded formulation on cAMP-induced progester-
one production in MA-10 Leydig cells (Walsh et al.
2000). Walsh et al. (2000) demonstrated that inhibi-
tion of progesterone production and decreased intra-
mitochondrial levels of the StAR protein in MA-10
Leydig cells was not caused by the active ingredient
{glyphosate) in the Roundup branded product, but by
an unknown component in the formulation. This
unknown component is, in fact, identified by Mon-
santo code as MON 0818, a surfactant blend
predominantly comprised of nonionic POEA (poly-
oxyethylenealkylamine ) surfactant. Nonionic surfac-
tants are amphipathic molecules consisting of a
hydrophobic fatty acid-derived alkyl chain and a
hydrophilic ethylene oxide chain made of polymer-
ized ethylene oxide, and are an integral part of many
pesticide formulations (Seaman 1990). Surfactants
increase the leaf retention of spray solutions (De
Ruiter et al. 1990) and generally improve the
effectiveness of active ingredients by increasing their
availability at the target site (Nalewaja et al. 1990,
1991). A swrfactant is added to Roundup branded
herbicides for this purpose, and results in greater
penetration of glyphosate into the plant (Sherrick
et al. 1986; Kirkwood 1993; Stock and Holloway
1993). In addition to testing the concentrated Lawn
and Garden Roundup branded formulation, we also
tested a formulation blank that contained the identical
concentration of MON 0818 but not the active
ingredient. The formulation blank was ncluded to

MONGLY02428324
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characterize the effect of only the surfactant system
on progesterone production in MA-10 cells and to
characterize the mechanism by which direct exposure
to the surfactant system in the formulation can inhibit
progesterone production in MA-10 cells.

Materials and methods
Materials

MA-10 mouse Leydig tumor cells were a gift from
Dr. Mario Ascoli (Department of Pharmacology,
Umniversity of lowa, lowa City, 1A, USA). Purified
human chorionic gonadotropin (hCG) (batch CR-125
of biological potency 11 900 1U/mg) was a gift from
NIDDK, NIH. [1,2,6,7—N—3H]pr0gesterone (specific
activity 94.1 Ci/mmol) was obtained from DuPont-
New England Nuclear (Wilmington, DE, USA).
Progesterone and Waymouth’s medium were pur-
chased from Gibco (Grand Island, NY, USA), horse
serum from Biofluids Inc. (Rockville, MA, USA), and
cell culture plastic ware from Corning (Coming, NY,
USA). Antibodies to progesterone were from ICN
(Costa Mesa, CA, USA). Electrophoresis reagents and
materials were supplied from Bio-Rad (Richmond,
CA, USA). All other chemicals used were of analytical
grade and were obtained from commercial sources.

Test substances

Lawryl sulfate sodiom salt (sodium dodecyl sulfate,
anionic, 99.5% purity) and benzalkonium chloride
(cationic, 99.5% purity) were purchased from Sigma
(St. Louis, MO, USA). Bio-soft N25-9, an alcohol
ethoxylate that is based on a synthetic C1,~Cy5 alcohol
base with an average number of 9 moles of ethox-
ylation (nenionic, 99.9% purity), and Bio-soft 1>-40, a
linear alkylbenzenesulfonate (anioinic, purity 38.8%
with the remainder as water) were purchased from
Stepan (Northfield, 1L, USA). Since the lincar alkyl-
benzenesulfonate had a composition of 38.8% active
ingredient, test concentrations were purity-corrected.
The Roundup branded formulation used in this study
and by Walsh ¢t al. (2000), nominally contains 16.5%
glyphosate-isopropylamine salt (which corresponds to
approximately 12.2% glyphosate acid) and 6.1% MON
0818. The formulation blank nominally contained the
same concentration of MON 0818 as the Roundup

formulation that was tested. Both the Roundup
formulation and formulation blank were supplied by
the Monsanto Company (St. Louis, MO, USA).

The concentration of glyphosate-isopropylamine in
the Roundup branded formmulation was determined m
advance of the study by HPLC using refractive mdex
detection (Varian series RI-3; Varian; Palo Alto, CA,
USA). A 50 wl sample was injected onto a pre-
equilibrated MAX-1 SAX column (250 mmx4.6 mum,
5 um particle size, 60 A pore; Whatman, Anaheim,
CA, USA) and eluted isocratically with a mobile phase
of 12% methanol and 88% water containing 18 mmol/L
potassium phosphate monobasic that had been adjusted
to pH 2.1 with phosphoric acid. The colomn was eluted
over 6 min at ambient temperature with a flow rate of
1.5 ml/min. Data were collected and analyzed on a
LabSystems Atlas microcomputer-based chromatogra-
phy station (Thermo Fisher Scientific, Inc.; Waltham,
MA, USA). Glyphosate was identified and concen-
trations were calculated by comparison with retention
times and responses of external glyphosate analytical
standards. The level of glyphosate-isopropylamine was
determined to be 96% of the nominal level.

The concentration of MON 0818 in the Roundup
branded formulation and the formulation blank was
determined in advance of the study by normal-phase
HPLC using refractive index detection (Varian series
RI-3). A 20 pl sample was injected onto a pre-
equilibrated Chromegabond Diamine column
(250 mm~»4.6 mm, 5 um particle size, 60 A pore;
ES industrics, West Berlin, NJ, USA) and eluted
isocratically with a mobile phase containing 99.8%
cthyl acetate, 0.15% glycerin, and 0.05% triethanol-
amine. The column was eluted over 20 min at
ambient temperature with a flow rate of 1.5 ml/min.
Data were collected and analyzed on a LabSystems
Atlas microcomputer-based chromatography station
(Thermo Fisher Scientific). The components of MON
0818 were identified and concentrations were calcu-
lated by comparison with retention times and
responses of external standards. The MON 0818 level
was determined to be 99.9% of the nominal level.

MA-10 cell culture for concentration
response experiments

MA-10 cells were grown in modified Waymouth’s

MB 752/1 medium containing 20 mmol/L Hepes,
1.2 g/L NaHCO; supplemented with 15% horse

& Springer

MONGLY 02428325



388

Cell Biol Toxicol (2007) 23:385-400

serum and gentamicin as previously described (Ascoli
1981; Papadopoulos et al. 1990). Cells with a starting
density of 500 cells per well were plated onto 96-well
plates and grown to 80-90% confluence over a period
of approximately 24 h. The media was aspirated and
the cells were exposed in serum-free media in the
presence or absence of 1 nmol/L hCG and increasing
concentrations of one of the test substances for 2 h.
After the 2 h incubation time, media were collected
for progesterone measurement and cells were saved
for protein determination.

Progesterone radicimmunoassays

Progesterone production, used as the steroidogenic
index of MA-10 Leydig cells, was measuwred by
radioimimunoassay (RIA) as previously described
(Papadopoulos et al. 1990). The limit of detection
for this method is 10 picograms of progesterone per
ml of culture medium.

Assessment of cell toxicity

Cell toxicity was evaluated using the 3—(4,5-dime-
thylthiazol-2—yl)-2,5—diphenyltetrazolim bromide
(MTT) assay developed by Mosmamn (1983). This
assay measures the reduction of MTT (a yellow
tetrazolium salt) to blue formazan in living cells. For
the MTT assay, cells were treated as described in
“MA-10 cell culture for concentration response experi-
ments” in the presence and absence of hCG stimula-
tion. MTT assays were performed using the TACS
MTT proliferation assay (Trevigen, Inc., Gaithersburg,
MD, USA) and read using the Victor quantitative
detection fluorometer (EGG-Wallac, Gaithersburg,
MD, USA). Cell toxicity was also determined by
measuring the amount of LDH released into the culture
medium using the in virro toxicology assay kit from
Sigma, based on the enzymatic assay described by
Legrand et al. (1992) and read wsing the Victor
quantitative detection fluorometer (EGG-Wallac).

Determination of cellular ATP levels

Cellular ATP concentrations were measured using the
ATPLite-M luminescence assay (Packard BioSciences
Co., Meriden, CT, USA). For this assay, cells were
cultured on black 96-well ViewPlate and the ATP
concentrations were measured on a TopCount NXT
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counter (Packard BioSciences) following the recom-
mendations of the manufacturer.

Assessment of mitochondrial membrane
potential (AW )

The lipophilic cationic JC-1 dye (5,5,6,6'-tetrachloro—-
1,1",3,3'~tetracthylbenzimidazolyl carbocyanine
iodide) was used as a sensitive and specific marker
of mitochondrial activity (Smiley et al. 1991). JC-1
dye has the property of aggregating in mitochondria
upon membrane polarization, forming an orange-red
fluorescent compound. If the mitochondrial membrane
potential is disturbed, the dye cannot accumulate in
the transmembrane and there is loss of red emission.
Assessment of the effect of test substances on
mitochondrial membrane potential in MA-10 cells
was visualized using the DePsipher assay (Trevigen)
optimized for cell culture conditions. MA-10 cells
were maintained in DMEM/F12 with 5% FBS, 2.5%
horse serum and 1% penicillin/streptomycin at 37°C
and 3.8% CO,. When the cells reached 80% conflu-
ence, they were plated onto plastic chamber slides at
low density. After a 48 h incubation, MA-10 cells
were treated with cach test substance over a range of
concentrations for 2 h and then incubated for 30 min
with the JC-1 dye, washed twice with culture medium,
moumted with anti-fade medivm, and observed under
the microscope at %400 magnification. Fluorescent
images were obtained at 500 ms exposure time, using
an Olympus inverted microscope equipped for fluo-
rescent microscopy and with a PM20 camera system
(Olympus Corp., Melville, NY, USA).

MA-10 cell culture and treatments for measuring
StAR protein expression

For the evaluation of StAR protein expression, MA-
10 cells were grown in 6-well plates for approx-
imately 48 h until reaching 80-90% confluence in
DMEM/F12 medium (Cellgro, Kansas City, MO,
USA) with 5% FBS and 2.5% horse scrum and 1%
penicillin/streptomycin at 37°C and 3.8% CO,. The
medium was aspirated and the cells were washed with
serum-free medium and then treated for 2 h in serum-
free medium containing 50 ng/ml hCG at levels of
5 pg/ml and 2 pg/ml for the formulation blank and
alcohol ethoxylate, respectively. Cells were then washed
twice with PBS and harvested in 1x cell lysis buffer
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following the manufacturer’s instructions (Cell
Signaling, Danver, MA, USA). Cell lysates were
centrifuged at 14000 g for 10 min in a cold
microfuge to remove cell debris and lysates were
used for western blot analysis as described below.

Western blot analysis

Lysates were loaded onto 4-20% Tris-glycine gels
(Invitogen, Carlsbad, CA, USA) and run at 110 V.
The proteins were then transferred to pure nitrocellu-
lose membrane (Biorad, Hercules, CA, USA). The
membranes was blocked with 5% fat-free milk and
then incubated with rabbit anti-StAR (1:2000) over-
night at 4°C in TBS-0.2% Tween 20 buffer. After
there washes x5 min, the membrane was then blotted
with goat anti-rabbit IgG-HRP (1:5000, Transduction
Laboratories, Lexington, KY, USA) for 1 h and
detected with ECL (Amersham Biosciences, Piscat-
away, NJ, USA). The membrane was stripped with
stripping buffer (100 mmol/L. 2-mercaptoethanol, 2%
SDS, 62.5 mmol/L. Tris-HCL pH 6.7) at 30°C for
30 min and blotted with rabbit anti-G3PDH. Images
were analyzed by scanning densitometry with a
Kodak image station 2000MM (Kodak, Rochester,
NY, USA).

Protein measurement

Cells were solubilized in 0.1 mol/L. NaOH and protein
levels were determined according to the method of
Bradford (197¢), using bovine serum albumin as a
standard.

Statistical analysis

1Cyq and IC54 values along with their 95% confidence
intervals were calculated using a 3-parameter logistic
model described by Van Ewijk and Hoekstra (1993)
and the PROC NLIN procedure in SAS version 9.1
(SAS Institute Inc., Cary, NC). The 1Cyq and 1Cs, are
defined as the concentrations that result i 20% and
50% inhibition relative to the control, respectively.
The IC,q value was calculated as a surrogate for a no-
observed-cffect-concentration. If hormesis was ob-
served, the logistic model described by Van Ewijk and
Hockstra (1993) was used to determine 1C,, and ICsg
values along with their 95% confidence intervals.

Concentration—response curves were compared
using the procedure described by De Lean et al.
(1978) at the 95% confidence level using the PROC
NLIN procedure in SAS. Comparisons of StAR
protein levels on immunoblots were conducted with
Tukey’s multiple comparisons test at the 95% confi-
dence level using the PROC GLM procedure in SAS.

Results

Effect of surfactants on hCG-stimulated progesterone
production in MA-10 cells

Stimulation of MA-10 Leydig cells with hCG for 2 h
resulted in a significant increase in progesterone
production, typically a 200-fold increase, when
compared to the basal production rate in unstimulated
cells (Fig. 1). Each test substance produced a
concentration-dependent decrease in progesterone
production in hCG-stimulated MA-10 cells (Fig. 1)
and the mhibition rate for progesterone production
(slope) for all of the concentration-response curves
for hCG-stimulated progesterone production were
comparable, with the exception of a lower rate for
linear alkylbenzenesulfonate (Table 1). Indistinguish-
able concenfration—response curves for progesterone
production were observed for the Roundup branded
formulation and the formulation blank (p>0.05),
indicating that the surfactant in the formulation was
responsible for the concentration-dependent decrease
in progesterone production. The mean IC,y and 1Csq
values for the Roundup branded formulation and the
formulation blank were 3.4 and 5.0 ug/ml, respec-
tively (Table 1). The tested Roundup branded formu-
lation and the formulation blank both contained 6.1%
MON 0818, which corresponds to mean 1C,, and
1C5¢ values based on MON 0818 content for the
commercial formulation and the formulation blank of
0.20 and 0.31 pg MON 0818/ml cell culture medium,
respectively (Table 1). The mean IC,q and 1Csq values
for the formulation and the formulation blank, based
on MON 0818 content, were comparable with the
1Cyg and ICsq value for the structurally similar alcohol
cthoxylate that was tested.

In contrast to the other test substances, the lowest
lauryl sulfate treatment level of 1 pg/ml cell culture
media resulted in a statistically significant 4-fold
mcrease { p<0.05) in progesterone production in the
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Fig. 1 Concentration-dependent reduction in hCG-stimulated
progesterone production in MA-10 Leydig cells treated with
surfactants. MA-10 cells were treated for 2 h in serum-free
media in the presence or absence of hCG and a range of
increasing concenfrations of (a) benzalkonium chloride, (b)
lawryl sulfate, (¢) linear alkylbenzenesulfonate, (d) alcohol

absence of hCG stimulation (Fig. 1b). Concentrations
above 1 ug/ml had similar progesterone production
values to the controls that did not have hCG
stimulation.
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ethoxylate, (¢) Roundup branded formulation, and (f) formula-
tion blank containing an equivalent amount of surfactant as the
Roundup branded formulation. Progesterone levels were nor-
malized to protein concentration and are represented as mean
percentage of hCG-stimulated control=standard error (n=4).
Basal values for progesterone were 1.5 ng/mg protein

Effect of surfactants on cytotoxicity

Evaluation of cytotoxicity using the MTT assay is
based on the ability of living cells to reduce a yellow
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Table 1 IC,, and ICs; values, inhibition rates for progesterone production (slopes) in hCG-stimulated MA-10 Leydig cells after 2 h

of treatment, and 95% confidence intervals (CI)

Test substance 1Cy 95% CI 1Cso 95% C1 Slope of concentration— 95% C1
{(ng/ml) (png/mb) (ng/ml) (ng/ml) TESponse Curve
Benzalkonium chloride 1.9 1.2-2.6 3.0 0.90-5.1 30 0.38-5.6
Alcohol ethoxylate 0.59 0.58-0.60 0.93 0.92-0.94 33 3.4-3.6
Linear alkylbenzenesulfonate 0.49 0.15-0.83 1.2 0.1-23 14 0.17-2.6
Lauryl sulfate 2.8 2.1-35 4.1 1.1-7.1 36 1.0-6.2
Roundup branded formulation® 2.9 2.7-3.1 4.3¢ 3.5-5.1 33 1.7-5.0
Formulation blank 3.8" 2.8-4.8 5.7° 3.6-7.8 35 0.72-6.3

“The formulation tested was a concentrated Lawn and Garden Roundup branded formulation.

® The mean ICsq value for the Roundup branded formulation and for the formulation blank based on MON 0818 content was derived
as follows: nominally 6.1% MON 0818 content in the formulation and the blank * (2.9 pg/ml+3.8 pg/m1)/2=0.20 pg MON 0818/ml.

“ The mean ICs, value for the Roundup branded formulation and for the formulation blank based on MON 0818 content was derived
as follows: nominally 6.1% MON 0818 content in the formulation and the blank * (4.3 pg/ml+5.7 pg/m1)/2=0.31 pg MON 0818/ml.

tetrazolium salt to blue formazan crystals. Cytotox-
icity is measured as a decrease in the amount of
formazan produced by treated cells compared to
control cells. Each test substance in the presence and
absence of hCG stimulation produced nearly identical
concentration-dependent decreases in MTT activity in
MA-10 cells (Fig. 2). A statistical comparison of the
concentration—response curves within a test substance
showed no difference in the concentration—response
profiles with or without hCG-stimulation ( p>0.05).
Lack of a difference in concentration—response curves
with or without hCG stimulation indicated no mter-
action between hCG and the ability of MA-10 cells to
reduce the yellow tetrazolium salt. 1Csq values for the
MTT assay ranged from approximately 5 to 50 pg/ml
cell culture medium, with the lowest values measured
for benzalkonium chloride (Table 2). Nearly identical
concentration—response profiles for the MTT assay
were measured with the Roundup branded formula-
tion and the formulation blank, which indicates that
the surfactant component in the formulation was
responsible for the observed cytotoxicity and the
effect on mitochondrial function. For all test sub-
stances, the concentration—response curves for the
MTT assay were far to the right of the concentration—
response curves for inhibition of progesterone syn-
thesis, with the exception of benzalkonium chloride
(Fig. 2). Additionally, a comparison of the concentra-
tion responses for the progesterone and the MTT
assays can be made by comparing 1C; and ICs
values (Tables 1 and 2). With the exception of
benzalkonium chloride, 1C,q levels from the MTT
assay corresponded with concentrations that resulted

in high levels of inhibition of progesterone synthesis
(>>1C5o values). This indicates the relatively low
sensitivity of the MTT assay as a robust biomarker for
effects on progesterone synthesis following only 2 h
treatments (Fig. 2).

In contrast to the other test substances, concen-
trations of lauryl sulfate between 5 and 40 pg/ml
produced a concenfration-dependent increase in the
ability of MA-10 cells to reduce the yellow tetrazo-
lium salt (Fig. 2b). However, concentrations of lauryl
sulfate that exceeded 40 ng/ml resulted in a rapid
concentration-dependent decrease in the ability of
MA-10 cells to reduce the yellow tetrazolium salt.

In addition to the MTT assay, two other cytotoxicity
endpoints were evaluated m the initial phase of this
study with the nonionic surfactants: measurement of
cellular ATP levels and lactate dehydrogenase (LDH)
levels in media collected from treated cells. Concen-
tration—response data from these assays were compa-
rable to those from the MTT assay (data not shown).

Effect of surfactants on mitochondrial membrane
potential (AW )

To further assess the effects of the test substances on
mitochondrial function, changes in mitochondrial
membrane potential were evaluated with JC-1 dye.
The level of JC-1 dye accumulation in the mitochon-
drial matrix is driven by the mitochondrial membrane
potential, and the level of accumulation is a functional
measure of the electrochemical gradient. To assess
mitochondrial membrane potential, MA-10 cells were
grown on cover slips and incubated over a concen-
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Fig. 2 Concentration-related cytotoxic effects of surfactants in
MA-10 Leydig cells. Cytoxicity was assessed with the MTT
assay in MA-10 cells immediately after a 2 h exposure in
serum-free medium in the presence or absence of hCG and a
range of increasing concentrations of (a) benzalkonium chloride,
(b) laury] sulfate, (e) linear alkylbenzenesulfonate, (d) alcohol
ethoxylate, (¢) a concentrated Lawn and Garden Roundup
branded formulation, and f formulation blank containing an

tration range with the different test substances for 2 h.

The results from concentration—response assays with
each test substance demonstrated a concentration-
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equivalent amount of surfactant as the concentrated Lawn and
Garden Roundup branded formulation. In order to compare the
concentration responses for the MTT assay and inhibition of
progesterone production, the concentration-response curve for
inhibition of progesterone production has been included as a
dashed line. Optical densities were normalized to protein
concentration and are represented as mean percentage of
controlxstandard error (n=4)

dependent loss of the accumulation of JC-1 dye and

the disappearance of dense aggregation of the JC-1
dyes in the transmembrane space of the mitochondria.
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Table 2 IC,y and 1Cs, values and 95% confidence intervals (CI) for the MTT assay in MA-10 Leydig cells after 2 h of treatment

Test substance —hCG

+hCG

1Cop (pg/ml)

Benzalkonium chloride 2.3
Alcohol ethoxylate 30
Linear alkylbenzenesulfonate 5.2
Lauryl sulfate 48
Roundup branded formulation® 23
Formulation blank 23

ic 50 (pg/ml)

Benzalkonium chloride 5.2
Alecohol ethoxylate 41
Linear alkylbenzenesulfonate 12
Lawryl sulfate 51
Roundup branded formulation® 35
Formulation blank 39

95% CI {(png/ml)

1C,0 (pg/ml)

95% CI (pg/ml)

1.8-3.1 32 29-35
27-32 27 24-30
4.6-5.8 5.1 4.5-5.6
47-49 46 43-49
21-26 23 21-26
18-28 26 23-29

95% CI (ng/ml)

ICs0 (pg/ml)

95% CI (pg/ml)

4.7-5.7 42 3.5-5.0
39-42 38 35-41
11-13 12 11-13
50-52 49 48-50
32-38 34 30-38
32-45 40 36-44

*The formulation tested was a concentrated Lawn and Garden Roundup branded formulation.

Representative images for the JC-1 assay using
benzalkonium chloride, an alcohol ethoxylate, and
the concentrated Lawn and Garden Roundup branded
formulation are shown in Fig. 3a—c. Control cells
show clear aggregation of the dye in MA-10 cells,
which is illustrated by the vivid orange-red bright
aggregates throughout the cells. With each test
substance there was a significant disappearance of
the distinct orange-red bright spots and a loss of red
fluorescence for test concentrations approximately at
and below the IC5q value for progesterone production.
Results with the formulation blank were comparable
to the results obtained with the Roundup branded
formulation (data not shown).

Effect of surfactant exposure on StAR protein levels

To investigate the effect of direct exposure to
surfactants on StAR protein expression in MA-10
cells, changes in StAR protein levels were analyzed.
Stimulation with hCG for 2 h resulted in a significant
increase in measured levels of the 30 kDa mature
form of the StAR protein compared to the unstimu-
lated cells (Fig. 4a and b). Stimulation with hCG and
co-treatment with either the formulation blank or the
alcohol ethoxylate for 2 h, at approximately the 1Csg
value for the formulation blank and approximately
twice the 1Csy value for the alcohol ethoxylate,
significantly decreased levels of the 30 kDa form of

the protein when compared to the untreated hCG cells
(Fig. 4a and b). Although treatment with both
nonionic surfactants caused a significant decrease in
levels of the 30 kDa StAR protein in hCG-stimulated
cells, levels of the 37 kDa StAR protein were not
significantly different in treated and untreated hCG-
stimulated cells (Fig. 4c and d).

Discussion

In this study, we examined the effect of represen-
tative cationic, nonionic, and anionic surfactants on
steroidogenesis in MA-10 Leydig cells. Each test
substance produced a concentration-dependent
decrease in steroid formation in hCG-stimulated
MA-10 cells and the rates for inhibition of progester-
one production were comparable, with the exception
of a lower inhibition rate with linear alkylbenzenesul-
fonate. Comparable rates for inhibition of progester-
one production are consistent with these substances
having the same mode of action (Eaton and Klaasen
1996). An evaluation of mitochondrial function with
the JC-1 assay showed that decreased progesterone
production in MA-10 cells is accompanied by loss of
mitochondrial membrane potential. Additional assays
were performed with two nonionic surfactants using
the same exposure regime to assess the effect of
surfactant exposure on StAR protein expression in
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Fig. 3 Exposure to surfactants causes dissipation of mitochon-
drial membrane potential. MA-10 Leydig cells were treated for
2 h before vital staining of the cells with JC-1 was performed.
Note that the control cells have intact mitochondrial membrane
potential as indicated by the orange-red aggregates. (a) Cells
were trealed with concentrations of 0 (control), 1, and 2.5 pg
benzalkonium chloride/m! medium. For the control treatment
and the low dose level, a cell has been enlarged to highlight the

hCG-stimulated MA-10 cells. In these assays, treat-
ment did not affect levels of the active 37 kDa form of
the StAR protein but did result in decreased levels of
the 30 kDa form. Collectively, these results are
consistent with previous studies that demonstrated that
StAR protein function and steroidogenesis requires an
intact mitochondrial membrane potential (King and
Stocco 1996; King et al. 1999, 2000; Diemer ot al.
2003; Granot et al. 2003; Hales et al. 20035).

In addition to using the JC-1 assay to evaluate the
effect of each test substance on mitochondrial
function, the widely used MTT assay was included
to evaluate cytotoxicity and effects on mitochondrial
function in MA-10 cells. The MTT assay evaluates
the ability of viable cells to reduce a yellow
tetrazolium salt to blue formazan crystals. Cytotox-
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treatment effect on mitochondrial JC-1 aggregation. (b) Cells
were treated with concentrations of 0 (control), 0.1, and 1 nug
alcohol ethoxylate/m! medium. (¢) Cells were treated with
concentrations of O (control), 1, and 5 pg of the Roundup
branded formulation/ml media. Treatment caused a concentra-
tion-dependent loss of the mitochondrial aggregation and
fluorescence. Pictures shown are representative of at least four
independent experiments

icity was indexed as a decrease in the amount of
formazan produced in freated cells compared to
control cells. In most cases, the MTT assay showed
relatively low sensitivity for detecting mitochondrial
effects compared to the JC-1 assay. The concentra-
tion—response curves for the MTT assay were far to
the right of the curves for inhibition of progesterone
synthesis and the effect levels observed with JC-1
dye, with the exception of the MTT concentration—
response curves for benzalkonium chloride. The
similarity of concentration—response profiles for pro-
gesterone production and for the MTT assay is
apparently related to benzalkonium chloride being
a cationic surfactant. The positive charge of
benzalkonium chloride likely allowed it to accumulate
in the mitochondria by membrane-driven potential, in
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Fig. 4 Quantitation of StAR protein levels in MA-10 Leydig
cells treated either with the formulation blank at a concentration
of 5 pg/ml (graphs a and ¢} or with an alechol ethoxylate at a
concentration of 2 pg/ml (graphs b and d). MA-10 cells were
treated for 2 h in serum-free medium and cell lysates were

the same manner by which the cationic JC-1 dye
accumulated in mitochondria. In fact, the cationic
surfactants cetyltrimethylammonium bromide (CTAB)
and nonyltrimethylammoniwm bromide (NTAB) have
been shown to accumulate in the mitochondrial matrix
by a membrane-driven uptake mechanism (Bragadin
and Dell’Antone 1996). The accumulation of CTAB
and NTAB by mitochondria disrupted the mitochon-
drial membrane potential, which was concluded to
result from enhanced mitochondrial membrane per-
meability caused by membrane solubilization.
Previously, the performance of the MTT assay as
an indicator of cytotoxicity during short-term expo-
sures with Leydig cells was rigorously assessed in an
evaluation of the effect of cthane dimethylsulfonate
on Leydig cell function (Kelce 1994). This study
demonstrated that the MTT assay is not a sensitive
indicator of early events of cytotoxicity for cthane
dimethylsulfonate. Although ethane dimethylsulfo-
nate produced a concentration-dependent decrease in
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evaluated by western blot analysis as described in the Materials

and Methods section. Optical densities for the 30 and 37 kDa

proteins were normalized to G3PDH optical densities and are

represented as mean percentage of control+standard error of the
mean {(n=4)

luteinizing hormone-stimulated testosterone produc-
tion after 3 h of exposure, Leydig cell death did not
become apparent for another 18-24 h when co-
evaluated with the MTT assay. Based on the results
from the Kelce study, the MTT assay is not
recommended as a sensitive indicator of cytotoxicity
and mitochondrial function unless the duration of
exposure is at least 18-24 h.

As noted in the results section, cellular ATP levels
and LDH release were evaloated in the initial phase of
this study with the nonionic surfactants. The results
from these cytotoxicity assays were comparable to the
results for the MTT assays. Similarly, no significant
cffect on either total cellular ATP levels or the integrity
of the plasma membrane was observed in assays with
MA-10 Leydig cells that were exposed for 3 h to
levels of hydrogen peroxide that significantly de-
creased progesterone production (Diemer et al. 2003).

In contrast to the general lack of response of un-
stimulated MA-10 cells treated with a test substance,
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the lowest tested concentration of lauryl sulfate
increased progesterone production. Similarly, the
lower concentration levels of lauryl sulfate also
stimulated activity in the MTT assay. The hormetic
pattern observed with lauryl sulfate in MA-10 cells is
likely related to a change in the arrangement of
lipoprotein complexes in the membrane. An exact
interpretation of the mechanism resulting in the
hormetic response is complicated by the complex
environment and the multistep nature of the process.
Activation of enzyme activity following treatment
with surfactants has been reported previously, partic-
vlarly with microsomal proteins. For example, mam-
malian liver UDP-glucuronyl transferase is firmly
bound to microsomal membranes and its activity has
been shown to be strongly dependent on the presence
of compounds that pertarb membranes (Chan 1967,
Graham and Wood 1973).

Further to testing the four representative surfac-
tants, two additional test substances were investigat-
ed: a branded Roundup formulation and a formulation
blank that was identical in composition but did not
include the active ingredient. Both of these substances
produced nearly identical concentration-dependent
responses for inhibition of progesterone production,
indicating that decreased progesterone production is
directly related to the surfactant used in the Roundup
branded formulation. In a previous study, probably
using the same Roundup branded formulation as the
present study, the same treatment regime produced a
similar concentration-dependent decrease in
(Bu),cAMP stimulated progesterone production in
MA-10 Leydig cells (Walsh et al. 2000). The 2 h ICs,
value of the commercial herbicide formulation from
the Walsh et al. (2000) study was 22 pg/ml cell
culture medium, compared to a 2 h 1Csq value of
4.3 pg/ml cell culture medium in the current study.
While the 1Cso value in the present study is lower, it is
considered to be within an acceptable range of
interlaboratory variability taking into account the
differences in cell culture media, the substance chosen
to stimulate the MA-10 cells, MA-10 cell passage
number, and RIA methodology. Walsh et al. (2000)
also demonstrated that a 2 h treatment with 25 ug/ml
of the Roundup branded formulation did not decrease
de novo rates of StAR mRNA synthesis or have a
significant impact on P450scc and 33-HSD mRNA

catalytic activity was observed. However, there was a
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modest reduction in P450scc catalytic activity. The
effect on P450sce catalytic activity could have
resulted from damage to the intramitochondrial
membrane where the P450scc protein is found;
however, an assessment of mitochondrial integrity
and function was not performed. The lack of an
observed effect on P450scc protein levels after a 2 h
treatment is not surprising because the reported half-
life for P450sce is considerably greater than 2 h and
has been estimated to be greater than 24 h in pulse-
chase studies (Boggaram et al. 1984).

In addition to inhibition of progesterone produc-
tion, there was an indication of overt toxicity to the
MA-10 cells from treatment with the Roundup
branded formulation in the former study (Walsh et
al. 2000). In some assays, a 39% decrease in [°S]
methionine incorporation was observed after 2 h of
exposure to the concentrated Lawn and Garden
Roundup branded formulation at the ICsq level for
progesterone production. At the ICsq treatment level,
these investigators also observed a 90% decrease in
levels of the 30 kDa mature form of the StAR protein
in mitochondrial extract. However, the level of the
biologically active 37 kDa form of StAR pre-protein
m whole cell or cytosolic extracts was not evaluated.
Therefore, it was not possible to conclude that
exposure to the Roundup branded formulation at the
tested concentration resulted in decreased StAR
protein expression. In the present study, treatment
with the formulation blank for the same period of time
did not reduce the levels of the active 37 kDa form of
the StAR protein. In the Walsh et al. (2000) study,
separate experiments performed with glyphosate acid
demonstrated no effect on progesterone production at
the highest tested concentration of 100 ng/ml, which
greatly exceeds the ICs, value for the tested Roundup
branded formulation. In an additional experiment,
these investigators demonstrated that inhibition of
MA-10 cell steroidogenesis after 2 h of treatment with
the Roundup branded formulation at the 1Csq level for
progesterone production was transient. Full recovery
of progesterone production was observed after a
period of 24 h in untreated media. Similarly, full
recovery has been observed in in vifro studies that
examined the effect of polymeric surfactants on
mitochondrial electron transport in HL-60 cells in
culture (Rapoport et al. 2000).

Diemer et al. (2003) evaluated the effect of reactive
oxygen (H,O,) on StAR protein levels in MA-10
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Leydig cells and reported similar findings to those
reported in this study. These investigators demonstrat-
ed that treating cAMP-stimulated MA-10 cells with
H,0, for 3 h produced a concentration-dependent
decrease in progesterone production. A concentration
of 250 pmol/L H,0, disrupted the mitochondrial
electrochemical gradient along with >50% decrease in
progesterone production and levels of the 30 kDa
form of the StAR protein in whole-cell extracts.
However, after treatment with 250 pmol/L H,0,,
levels of the 37 kDa StAR form of the protein in
whole-cell extracts did not decrease. Additionally, no
change was detected in StAR mRNA levels, P450sce
protein levels, cellular ATP levels, and cell viability
with the trypan blue dye exclusion assay. Diemer et al.
(2003) also demonstrated that decreases in levels of
the 30 kDa StAR protein after treatment were rapidly
reversible, indicating rapid repair of the mitochondrial
membrane and recovery of the ability of the mito-
chondria to import and process the StAR protein.
Several studies have evaluated the effect of direct
treatment of herbicide formulations on mitochondrial
function (Oakes and Pollack 1999, 2000). Oakes and
Pollak (1999) investigated the effect of another
commercially available herbicide formulation on
mitochondrial function using submitochondrial par-
ticles. The herbicide formulation Tordon 75D was
found to inhibit clectron transport with an 1Csq value
in the low micromolar range. By testing individual
components of the herbicide formulation, it was
shown that the proprietary surfactant polyglycol 26—
2, when tested alone, uncoupled mitochondrial respi-
ration to an equal level as the commercial formulation.
None of the other components of the herbicide
formulation had an mhibitory effect. This is consistent
with the findings in the present study which showed
that the Roundup branded formulation and the
formulation blank containing the surfactant produced
an equivalent effect on mitochondrial function.
Perturbation of the mitochondrial membrane fol-
lowing surfactant exposure has also been observed in
whole-animal studies. A study characterizing the
effects on Xenopus embryos and tadpoles, following
waterborne exposure to an alcohol ethoxylate, showed
that mortality occurred after mitochondrial damage
(Cardellini and Ometto 2061). The authors concluded
that death was caused by disruption of the mitochon-
drial respiratory chain, which was preceded by
extensive injury to the lipid and protein composition

of exposed membranes. However, recovery of mito-
chondrial effects was rapidly observed after the
treatment ended. Comparable observations of effects
on mitochondrial membranes and function have been
made with freshwater mollusks treated with linear
alkylbenzenesulfonate (Ceron 1993). Following wa-
terborne exposure to linear alkylbenzenesulfonate,
mitochondria were observed to have gross malforma-
tions, no cristae, reduced ATP synthesis, and reduced
NADH oxidase activity in tissues with direct contact
with the environment.

To adequately evaluate the significance of in vitro
studies that assess the potential for surfactant toxicity
to humans following oral and dermal exposure,
realistic exposure estimates are required. To date,
few studies have estimated systemic surfactant expo-
sure in humans because the study of the absorption,
distribution, and metabolism of surfactant molecules
is not well developed. However, this information is
essential to develop a further understanding of the
magnitude and duration of exposure and the likeli-
hood of toxic effects occuiring at cellular and
molecular levels. Estimates of human systemic expo-
sure for some common surfactants from direct and
mdirect skin contact as well as from the oral route via
dishware residues have been comprehensively evalu-
ated. Aggregate exposures for commonly used alco-
hol cthoxysulfates and linear alkylbenzenesulfonates
have been estimated to be 29 ug/kg bw per day and
4 ug/kg bw per day, respectively (HERA 2003,
2604). These aggregate exposure estimates are con-
sistent with carlier estimates for human systemic
exposure from residues on dishes and utensils, which
ranged from 0.3 to | mg swrfactant/day (Swisher
1968). Additionally, oral intake of 100 mg on an
annual basis has been reported (Moncrieff 1969) and
this estimate was confirmed by studies using radio-
labeled surfactants (Schmitz 1973). It has been shown
in safety assessments with a variety of surfactants that
exposure levels are far below levels that represent a
hazard to humans with regard to their use in consumer
products (Charlesworth 1976; Black and Howes
1979; HERA 2003, 2004).

In vivo, Leydig cells can only be exposed to
xenobiotics via the blood. Therefore, it is most
appropriate to compare treatment responses measured
with MA-10 cells with estimated systemic doses. A
recently published biomonitoring study, with farmers
and their families, reported measured systemic doses
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for glyphosate (Acquavella et al. 2004). In that study,
40% of the farmers did not have detectable levels in
their urine samples despite some having made
applications to over 40 ha. Additionally, 90% of the
applicators had systemic exposures below 0.001 mg/keg,
which corresponds approximately to a 90th centile of
0.07 mg of glyphosate excreted over the period after
application for a 70 kg farmer-applicator. When a
body fluid volume of 45.5 L. is considered for a 70 kg
farmer-applicator (0.65 L body fluid/kg=70 kg),
wherein glyphosate is equally distributed, the body
fluid concentration of glyphosate is estimated to be
1.5 ug/L. To derive an exposure estimate for the
surfactant in the tested Lawn and Garden Roundup
branded formulation, it is reasonable to make the
assumption that the surfactant is absorbed through the
skin to the same extent as glyphosate because skin
penetration for structurally related alcohol ethoxylates
through human skin has been shown to be very low
(Black and Howes 1979). Consistent with this
finding, when predicted systemic levels from dermal
exposure to alcohol ethoxylates are compared with
no-cffect levels from 90-day rat feeding studies with
alcohol ethoxylates, the likelihood of systemic toxic
effects has been shown to be extremely low (Black
and Howes 1979). For the glyphosate formulation
tested in the current study, the ratio of glyphosate acid
to surfactant is approximately 2:1. Therefore, the
systemic concentration of the surfactant from this
formulation can be estimated to be about 50% of the
systemic concentration of the glyphosate (i.e., 0.50~
1.5 pg/L=0.75 pg/L. body fluid). Consequently, the
estimated systemic concentration for the surfactant is
more than 250 times less than the mean 1C,¢ value for
progesterone production with the tested Roundup
formulation and the formulation blank when adjusted
for the level of surfactant in the formulation (mean
1Cyq of 200 ug surfactant system/L cell culture media/
0.75 pg surfactant system/L body fluid=267). Simi-
larly, the estimated systemic concentration for the sur-
factant is approximately 400 times less than the mean
1Csq value for progesterone production with the tested
Roundup formulation and the formulation blank when
adjusted for the level of surfactant in the formulation
(mean 1Csq of 310 ng surfactant system/L cell culture
mediom/0.75 ng swurfactant system/L body fluid=
413). Although several assumptions were made fo
generate this exposure estimate, based on the large
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safety factor between exposure and the 1C,, and ICsq
values observed in MA-10 cells, it is apparent that the
POEA used in Roundup branded formulations will not
disrupt steroid production in Leydig cells in vivo.

Conclusions

The results of this study demonstrate the nonspecific
action of a variety of surfactants on celiular function
in an in vitro test system and demonstrate how this
activity can confound the conclusions regarding out-
comes that are dependent upon intact cellular ener-
getic mechanisms, such as progesterone production,
when surface-active agents are tested in cultured cell
systems. Additionally, the results of this study
vnderscore the importance of including a rigorous
assessment of mitochondrial function and cytotoxicity
when evaluating potential effects on steroidogenesis
i an in vitro test system. When using cellular in vitro
systems, it is essential to consider whether the
observed responses occur at levels that the cellular
systems may encounter when exposure occurs to the
mtact animal.
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