Take home messages
1. Toxic registrations not based on state of the art science. They
are based on an economic model where the question is: “Do the
economic benefits outweigh the risks?”, not is it safe?. Risks
are narrowly defined and do not consider neurological,
endocrine, Immune or epigenetic risks.

2. EPA model assumptions are deficient in DREAMS. (Bait &
Switch) Porter, et al. 1999. Toxicol. & Indust. Health. 15 (1-2):
133-150

3. Opportunity for solution =
CHANGE IN MARKET SHARE
4. Safe alternatives available for weed control, e.g. vinegar.



DREAMS for public awareness

Dosing deficient - pulse doses at low concentrations not
considered (ADHD)

Routes restricted - single exposure routes used; need oral,
cutaneous, respiratory routes

Endpoints excessive - cancer and mutations used, need immune,
endocrine, nervous systems and development

Additions absent - manufacturing contaminants, toxic waste
contaminants deliberately added (‘reworking’) and ‘inert
ingredients’ (organic soaps & surfactants) missing in ‘reagent
grade’ tests

Mixtures missing - little or no testing for commonly occurring
mixtures

Stresses squelched - nutrition, disease, climate stress not in tests



Why entry is
easy -> other
‘Inert’
Ingredients
1) non-ionic
solvents/
“organic soaps”
(= no charges)
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2) surfactants
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Pesticide structure-function
(Why unintended effects are virtually certain)
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RoundUp & defensive enzymes

Many people report experiencing severe digestive problems related to wntation of
thewr gastromtestnal tract atter owverexposure to EoundUp, hruting the foods thew
bodies will tolerate to a very tew bland foods.

Thig 15 beleved to be related to the fact that in a 19832 study by Hettanen,
Linnatmaa atd Vattno, EoundUp's main mgredient, glyphosate, was shown to
decrease the hepatic lewel lewel of cytochrom P-450, monooxyzenase actrnties,
atid the intestinal actrnty of aryl hydrocarbon hydromylase.



1993. RoundUp mix inhibits defensive enzymes

The mhibition of erythrocyte glutathione conugate transport by polyethomxylated
surfactants has also been reported i a 1993 letter to FEBS from studies done by
F. 3 Board, patrt of the Molecular Genetics Group, John Curtin School of
Medical Eesearch, Australian National Thversity, Canberra,

Clutathione 12 a tnpeptide which the body produces from the amine acids
cysteine, glutaric acid, and glycine. Glutathione 15 a powertil anticzdant
produced in the liver, where it detombies harmtul compounds so that they can be
excreted through the bie. The ghitathione released from the liver directly mnto the
bloodstreatn helps to mamtain the ntegnty of red blood cells and protect white
blood cells. Glutathione 13 also tound i the lungs. In the mtestinal tract, it 15
needed for carbohydrate metabolism, and also appears to exert anti-agmg
effects, aiding in the breakdown of omdized fats that may contribute to
atherosclerosis. Glutathione's role i carbohydrate metab olism 15 comprotmmsed

by the effect of EoundlUp's surfactant, POEA, on erythrocyte glutathion conjugate
trarsport.



1999. Roundup affects early cell division processes in embryos

Dysfunction in sea urchin early development induced by pesticide treatment.
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MARINE TECHNOLOGIES
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SUMMARY:

Dystunction m sea urchin early development mduced by pesticide treatment. Pollutants from anthropic origin are correlated with human health disorders (Taga and Brosms, 1998 In order to
tnvestigate the chronic effects of pesticides on cell dimsion and early reproduction we analyzed the effect of a commercial glyphosate-contaming pesticide during the early phases of sea urchin
development. Pollutant molecular targets were searched from comparison between pesticide-mduced phenotypes and phenotypes obtained using specific cell cycle effectors (Mige 2001).
Sea urchin gametes were ferihized m standard laboratory condions. Embryos were treated with the commercial glyphosate-contaming pesticide "Roundup”. Dysfunctions i the cell eycle and
the eatly development were monttored by fluorescence microscopy after Hoechst stammg of DA (Delalande et al, 1999). The pesticde, diuted i sea water adsted to pH 7.3 and added
to the embryos 10 minutes post-fertilization mduced a highly significant delay m the first cell division of the embryos. M-phase was observed later than i control embryos. The delay was
dependent on the pesticide concentration. At a 0.8 % diution of the commercial pesticide forrlation, cytokimesis occurred at 180 min i the treated embryos compared to 120 min i the
cottrol foster embryos Maximal delay i cytokinesis was obtaned for a 60 minutes exposure to 0.8 % diution, apphied 10 or 30 minutes post-fertilization. The effect was reversible as udged
from development recovery of the embryos after removal of the pesticide. The effect was mereased when the pesticde solubion was not neutralized. The phenotype mduced by the pesticide
was comparable to the phenotypes mduced by roscovitine, a specific CDE 1/ cyclin B mhibitor or by emetie, a protetn synthests mhibitor that impedes CDE 1 actrvation by preventmg cyclin
B synthests Experiments are currently undertaken to determme whether CDE 1/ cyclin B actiwity andfor activation 15 mwvolved m the pollutant-nduced cell cycle effect. The glyphosate-
cottaining pesticide "Roundup” affects cell cycle when present at a concentration of 1/10th of the recommended usage dose for herbicide action. The pesticide concentration that modifies the
cell cycle regulators at the molecular level remains to be determmined and compared to the residual amount of pollutant found m water. DELALANDE, C., BELLE, K., CORMIEE, P. and
MULNEE-LOEILLON, O.(1999), Transient mcrease of a protein kinase activity identified to CK2 during sea urchin development, Biochun, Biophys. Bes. Commmun,, 266, 423-431, JAGA
and BROSIUS (1999). Pesticide exposure: human cancer on the horizon, Rev. Enwiron Health, 14, 39-30. NIGG, E{ 2001). Miotic kinases as repulators of cell dmsion and s
checkpoints, MNamre rewew, 2, 21-32.



2000. Roundup & steroid hormones

changing reproductive hormones by changing regulatory protein
(gene expression)

Errrirontmental Health Perspectives Yolume 108, Mumber 8, August 2000

[ Citation i Publded ] [ Eelated Articles ]

Roundup Inhibits Steroidogenesis by Disrupting Steroidogenic Acute Regulatory (StAR) Protein
Expression

Lance P. Walsh,! Chad McCormick,! Clyde Martin? and Douglas M. Stocco!

lDepaﬂment of Cell Biclogy and Biochemistry, Texas Tech Umnrversity Health Sciences Center, Lubbock, Texas, TUSA
zDeparnnent of Mathematics, Texas Tech University, Lubbock, Texas, US4

s

]

Ahstract

Eecent reports demonstrate that many currently used pesticides have the capactty to disrupt reproductive function in anmmals. Although this reproductive dysfinction
1z typically characterized by alterations in serum steroid hormone levels, distuptions i spermatogenesis, and loss of fertility, the mechanisms mvolved
pesticide-induced mferility remain unclear. Because testicular Lewdig cells play a crucial role i male reproductive finction by producing testosterone, we used the
mouse MA-10 Leydig tumor cell bne to study the molecular events mvolved m pesticide-induced alterations i steroid hormone biosynthesis. We presviously showed
that the organochlorine insecticide indane and the organophosphate msecticide Dimethoate directly inhibit steroidogenesis in Levdig cells by disrupting expression of
the steroidogenic acute regulatory (STAR) protem. StAR protein mediates the rate-limiting and acutely regulated step in steroidogenesis, the transter of cholestersl
from the outer to the mner mitochondnal membrane where the cytochrome P450 side chain cleavage (P450scc) enzyme mitiates the synthesiz of all sterodd
hormeones. In the present study, we screened eight currently used pesticide formulations for ther abdity to mhibit steroidogenesis, concentrating on thetr effects on
StAR expression in MA-10 cells. In additon, we deterrmined the effects of these compounds on the levels and actiaties of the P450sce enzypme (which converts
cholesterol to pregnenclone) and the 33-hydromysteroid dehydrogenase (30-HSD) enzyme (which converts pregnenolone to progesterone). Of the pesticides
screened, only the pesticide Roundup mhibited dibutyryl [(Bu), Jc AMP-stimulated progesterene production m MA-10 cells without causing cellular toxietty. Roundup

nhibited steroidogenesis by distupting StAE protemn expression, firther demnonstrating the susceptibility of StAE to environmental pollutants. Key words: chetmical
mixtures, cytochrome P450 side chain cleavage, environmental endocring distuptor, 33-hydroxysteroid dehydrogenase, Levdig cells, Eoundup, steroid hormenes,



Glyphosate can suppress energy production enzymes
2001
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Effect of the Herbicide Glyphosate on Enzymatic Activity in Pregnant Rats and Their Fetuses—
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Abstract

To prevent health risk from environmental chemicals, particulatty for progeny, we have studied the
effects of the herbicide glyphosate on several enzymes of pregnant rats. Glyphosate is an
organo-phosphorated nonselective agrochemical widely used in many countries including Argentina
and acts after the sprout in a systemic way. We have studied three cytosolic enzymes: isocitrate
dehvdrogenase-WADP dependent, glucose-6-phosphate dehvdrogenase, and malic dehvdrogenase
in liver, heart, and brain of pregnant Wistar rats. The treatment was administered during the 21 days
of pregnancy, with 1 week as an acclimation period. The results suggest that maternal exposure to
agrochemicals during pregnancy induces a variety of functional abnormalities in the specific activity
of the enzymes in the studied organs of the pregnant rats and their fetuses.

Author Kevwords: ghyphosate; dehvdrogenases; pregnancy; fetuses.



2005. Roundup’s ‘other’ ingredients double toxic effects
at environmentally relevant low doses.

Differential Effects of Glyphosate and Roundup on Human Placental Cells

and Aromatase

Sophie Richard, Safa Moslemi, Herbert Sipahutar, Nora Benachour, and Gilles-Eric Seralini

Laboratoire de Biochimie et Biologie Moleculaire, USC-INCRA, Université de Caen, Caen, France

Roundup is a glyphosate-based herbicide used worldwide, including on most genetically modified
plants that have been designed to tolerate it. Its residues may thus enter the food chain, and
glyphosate is found as a contaminant in rivers. Some agricultural workers using glyphosate have
pregnancy problems, but its mechanism of action in mammals is questioned. Here we show that
glyphosate is toxic to human placental JEG3 cells within 18 hr with concentrations lower than
those found with agricultural use, and this effect increases with concentration and time or in the
presence of Roundup adjuvants. Surprisingly, Roundup is always more toxic than its active ingre-
dient. We tested the effects of glyphosate and Roundup at lower nontoxic concentrations on aro-
matase, the enzyme responsible for estrogen synthesis. The glyphosate-based herbicide disrupts
aromatase activity and mRNA levels and interacts with the active site of the purified enzyme, but
the effects of glyphosate are facilitated by the Roundup formulation in microsomes or in cell cul-
ture. We conclude that endocrine and toxic effects of Roundup, not just glyphosate, can be
observed in mammals. We suggest that the presence of Roundup adjuvants enhances glyphosate
bioavailability and/or bioaccumulation. Key words: adjuvants, aromatase, endocrine disruption,
glyphosate, herbicide, human JEG3 cells, placenta, reductase, Roundup, xenobiotic. Environ
Health Perspect 113:716-720 (2005). doi:10.1289/ehp.7728 available via http:/ldx.doi.org/
[Online 25 February 2005]

(Saint Quentin Fallavier, France), and the
pesticide Roundup (containing 360 g/L acid
glyphosate; Monsanto, gnvers, Belgium) was
from a commercial source. A 2% solution of
Roundup and an equivalent solution of gly-
phosate were prepared in Eagle’s modified
minimum essential medium (EMEM; Abcys,
Paris, France), and the pH of glyphosate
solution was adjusted to the pH of the 2%
Roundup solution (- pH 5.8). Successive dilu-
tions were then obtained with serum-free
EMEM. 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) was
obtained from Sigma-Aldrich. It was prepared
as a 5-mg/mL stock solution in phosphate-
buffered saline, filtered through a 0.22-pm

filter before use, and diluted to 1 mg/mL in
serum-free EMEM. The polyclonal rabbit



‘In EFA tests using water from natural sources, the half-life
(the time required for a chemical to be reduced to half of its
original amount) ranged from 35 to b3 days (1), Persistence in
solls 12 also vanable. In Ontano, Canada, glyphosate's

halt-life in forest soils was 24 days (with detectable residues
persisting for 335 days) (2] while a hal-life measured in a
Finnish study was 249 days (3). Glyphosate was detected in
Ohio tarming soils 152 days after application of

Roundup. (4)" G|yph05ate persistence

(11 U5 EPA. 1980, Guidance for the reregistration of
pesticide products containing glyphosate. Washington, D.C:
Office of Pesticide Frograms.

(21 Ray, DM et al. 1989, Persistance, movement, and
degradation of glyphosate in selected Canadian boreal forest
solls. J. Agrnc. Food Chem. 37:437-440.

(31 Muller, MM, et al. 19371, Fate of glyphosate and its
influence on nitragen-cycling in twa Finnish agricultural soils.
Bull. Ervironm. Contam. Toxicol. Z7.724-730,

(41 Edwards, WYW.h. et al. 1980, A watershed study of
glyphosate transport in runoff. . Environ. Clual.
Hi4):6b1-bRS.



Common herbicides can alter sex hormones
at environmentally relevant concentrations

— Roundup 1

Testosterone —»(Aromatase) - Estrogen
t 2
Atrazine  wem)
1 Richard et al. 2005. Env. Health Persp.
2 Fan et al. 2007. Env. Health Persp.
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Skinner Found DNA Methylation

25 DNA sequences had new methylation sites.
Each sequence altered neighboring DNA.

Altered proteins numbered from hundreds to
thousands depending upon the fetal organ.

1200 alterations in prostate, 800 in brain.



Relative brain expression levels of
NCAM1

NCAM1 Gene Expression vs
Fetal Exposure
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NCAM1 Gene Related Diseases

e Alzheimers
e Synovial sarcoma
« Schizophrenia

« Mutant-allele-specific amplification
(MASA) syndrome

 Neural tube defects
e \arious tumors
EPA registration tests for none of these.
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