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Monsanto Comments:  

 
A glyphosate-based herbicide induces necrosis and apoptosis in mature 

rat  testicular cells in vitro, and testosterone decrease at lower levels 
. 

 
Toxicology in Vitro (on line ahead of press). Available at:  

http://www.sciencedirect.com/science/article/pii/S0887233311003341 
 

ABSTRACT:   
The major herbicide used worldwide, Roundup, is a glyphosate-based pesticide with adjuvants. 
Glyphosate, its active ingredient in plants and its main metabolite (AMPA) are among the first 
contaminants of surface waters. Roundup is being used increasingly in particular on genetically 
modified plants grown for food and feed that contain its residues. Here we tested glyphosate and 
its formulation on mature rat fresh testicular cells from 1 to 10000 ppm, thus from the range in 
some human urine and in environment to agricultural levels. We show that from 1 to 48 h of 
Roundup exposure Leydig cells are damaged. Within 24–48 h this formulation is also toxic on the 
other cells, mainly by necrosis, by contrast to glyphosate alone which is essentially toxic on 
Sertoli cells. Later, it also induces apoptosis at higher doses in germ cells and in Sertoli/germ 
cells co-cultures. At lower non toxic concentrations of Roundup and glyphosate (1 ppm), the 
main endocrine disruption is a testosterone decrease by 35%. The pesticide has thus an endocrine 
impact at very low environmental doses, but only a high contamination appears to provoke an 
acute rat testicular toxicity. This does not anticipate the chronic toxicity which is insufficiently 
tested, and only with glyphosate in regulatory tests. 
 
General Statement:   
 
This publication presents no new findings relevant to the current discussions of glyphosate safety. 
It is clear from the previous work of  and others that surfactants can injure or kill cells 
when applied to exposed cells living in a Petri-dish environment. It also is not surprising that 
injured cells demonstrate activation of injury-response systems or suffer from a general decline in 
a wide variety of cellular functions, including hormone production in cells which normally serve 
that function. The concentrations used in these experiments are not relevant to human exposures 
to glyphosate and the experimental system used is not relevant to whole animal outcomes. 
Importantly, the alleged impacts on endocrine function have not been observed in animal studies 
of glyphosate or other components of glyphosate formulations at relevant concentrations.   
 
The experiments reported in this publication involve two additional cell types; Leydig and Sertoli 
cells from rat testes. However, Petri dish experiments in a laboratory are not representative of 
exposures to a living animal and are not informative about real-world risks to humans. Instead, 
these experiments demonstrate what we already know – substances can injure unprotected cells in 
a test-tube. The implications of these in vitro experiments are contradicted by extensive live 
animal data, field studies reflecting real-world conditions and over 35 years of successful use of 
Roundup herbicide weed management around the world.  
 
 
 
 



 
Comments:  
 
1) Glyphosate has an excellent human health and environmental profile and a long history 

of safe use in more than 130 countries.  This has been a key factor in the acceptance of 
glyphosate products as among the most widely used herbicides in the world.  When used 
according to label directions, these products do not represent a risk to human health and the 
environment. This is confirmed by the extensive studies as well by the first-hand experience 
of millions of farmers and home gardeners who have used this product. 

 
Glyphosate, the active ingredient in Roundup branded agricultural products, inhibits an 
enzyme that is essential to plant growth; this enzyme is not found in humans or other animals, 
contributing to the low risk to human health from the use of glyphosate according to label 
directions   Comprehensive toxicological studies in animals have 
demonstrated that glyphosate does not cause cancer, birth defects, mutagenic effects, nervous 
system effects or reproductive problems (U.S. EPA, 1993  

); European Commission, 2002; JMPR/WHO, 2004).  In fact, after a thorough 
review of all toxicology data available, the U.S. EPA concluded that glyphosate should be 
classified in Category E (“Evidence of Non-carcinogenicity in Humans”), the most favorable 
category possible (U.S. EPA, 1993).  Glyphosate has favorable environmental characteristics, 
including tight binding to most soils, making it unlikely to move to groundwater or reach 
non-target plants, and degradation over time in soil and natural waters ( ).  
 

Results from these experiments are not relevant for proving toxicity in humans. 
Experiments of this nature can provide useful mechanistic research tools but are not 
recognized or accepted by any regulatory agency or other scientific body in the world for 
the assessment of human health risks.  The French Agency for Food Safety (AFFSA,  
http://www.afssa.fr/Documents/DIVE2008sa0034.pdf ) stated that the previous work by 

with Roundup branded formulations does not provide any elements that are 
relevant for proving toxicity in humans, recognizing: 

 
• Conclusions are based on non-validated in vitro experiments with direct exposure to 

supra-physiological concentrations of substances, 
• No evidence of adverse effects in regulatory studies; safety factor of 100 
• No epidemiological studies allow direct incrimination, 
• Direct exposure of cells can explain all the effects found in in vitro studies, 
• Authors over interpret results for potential health consequences for humans – unsuitable 

references, non-sustained in vitro-in vivo extrapolation, etc. 
 

2) Artificial conditions.  Direct exposure to cells in culture bypasses normal processes limiting 
absorption and cellular exposure and avoids normal metabolism, excretion, serum protein 
binding, and other factors that would protect cells in the intact organism.   
 
Anadon et al (cited by ) dosed rates with 400 mg/kg of glyphosate, a massive dose 
relative to any environmental exposure, and achieved peak modeled plasma concentrations of 
glyphosate of approximately 5 ug/ml (5mg/L or 5 ppm).  Assuming linear kinetics, the 
maximum allowable US daily intake (2 mg/kg/day) would give an approximated blood 
concentration of 0.025 ppm (25 ppb).   (2012) recently evaluated glyphosate 
exposure to pregnant women and concluded that estimated exposures based on actual 
measurements in food were only 0.4% of the acceptable daily intake. 



 
Clair et al state that the lowest concentration of glyphosate tested was 50 ppm, or 2000-fold 
higher than the anticipated concentration (based on  following maximum 
allowable intake. (It is further worth noting that this allowable concentration is based on a 
100-fold safety factor above a no-effect level in animal studies.)   
 

3) Animal data and human experience contradicts findings of Petri dish experiments. 
Glyphosate has been tested extensively in higher order animals (  

).  There is no evidence for developmental or reproductive effects in multiple 
species despite numerous high-dose tests by different manufacturers (Williams et al 2012, 
EU, 2002, JMPR/WHO 2004). Furthermore, studies with POEA have not demonstrated any 
target organ toxicity or effects on embryos, fetuses, or the placenta ( ). 
 

4) The surfactant effects are not surprising. Levine et al., 2007 demonstrated that surfactants 
found in household and personal care products could alter mouse Leydig cell function.  It 
should not be a surprise that a glyphosate-based formulation which contains surfactants 
similar to surfactants found in household and personal care products would have an effect on 
cellular membranes. The exposure of humans to surfactants is common from bath gels, hand 
soaps, shampoos, and laundry and dishwashing detergents to name a few. In addition human 
oral exposure to surfactants can originate from residues on eating utensils and dishes 
washed with dish washing detergents and from residues taken up via drinking water 
(HERA, 2003). 
 

5) Caffeine metabolites, alcohol and nicotine can disrupt cell function. It is important to note 
that a metabolite of caffeine inhibited the development of Leydig cells in Petri dish 
experiments. ( ).  In addition, alcohol ( ) and nicotine (  

 activate specific intracellular death-related pathways, capsase -3, inducing 
apoptosis in mouse Leydig cells grown in Petri dishes similar to that reported in this abstract. 
In vivo and in vitro exposures demonstrate that alcohol can damage Sertoli cells (Shu et al 
1997). These findings clearly put this experimental model into context.  Caffeine, in its 
natural and added forms, is found in coffee, tea, cola beverages, energy drinks, chocolate and 
even some medicines.  The average intake of caffeine in the US by children 5-18 years of age 
averages 1 mg/kg/day and adults 2.4 mg/kg/day ( ). A typical cup of coffee can 
contain 150 mg of caffeine, a cup of blended tea 43 mg and a small portion of a milk 
chocolate candy bar contains about 7 mg of caffeine. (Health Canada 2010).  
 

6) Questionable findings regarding testosterone production.  In figure-8, Leydig cell 
production of testosterone is reduced at a 0.0001% dilution, but is apparently normal at 5-
times this concentration and remains the same (no statistical difference) up to concentrations 
100-fold higher.  This is biologically inexplicable and may well represent a random variation. 
A lack of effect on testosterone production is supported by the lack of effect on 3-beta-HSD 
(which is not, however, the only enzyme necessary to produce testosterone). In any event, the 
conclusion of the paper regarding testosterone depends upon an isolated data point 
inconsistent with a dose-response phenomenon, and is thus highly questionable.  

 
7) Lack of relevant new observations: The only thing new in the experiments reported in this 

publication is the use of two additional cell types; Leydig and Sertoli cells from rat testes. 
Petri dish experiments in a laboratory are not representative of exposures to a living animal 
and are not informative about real-world risks to humans. Instead, these experiments 
demonstrate what we already know – substances can injure unprotected cells in a test-tube. 
The implications of these in vitro experiments are contradicted by extensive live animal data, 
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Letter to the editor 

 

Determination of glyphosate in groundwater samples using an ultrasensitive immunoassay and 

confirmation by on-line solid phase extraction followed by liquid chromatography coupled to tandem 

mass spectrometry 

 

 

™ (November 2011)  

 

Dear , 

Below some comments on the alleged glyphosate groundwater detects referred to in the publication by 

Sanchis et al (November 2011). 

As the title indicates, this article evaluates the performance and accuracy of a magnetic particle 

immunoassay method for the determination of glyphosate in groundwater samples.  Whilst the 

analytical part of this publication is scientifically sound and generally accurately reported, the results of 

the groundwater samples have been over-interpreted. 

The definition of groundwater under the Water Framework Directive
1
 is : “all water which is below the 

surface of the ground in the saturation zone and in direct contact with the ground or subsoil”.  This 

means that the groundwater is under anaerobic conditions and any compound found in such 

groundwater must have leached through a layer of soil.  

Table 1 of this publication clearly shows that, in 10 of the 11 sites, the groundwater is actually in contact 

with surface water.  For those sites, the water cannot be associated with groundwater, as defined under 

the Water Framework Directive, as in this case the groundwater is not located in the saturated zone of 

the soil and can be contaminated by compounds present in surface water.  This also means that the 

groundwater pesticide trigger of 0.1 µg/L does not apply.   

 Glyphosate presence is groundwater is rare and occurs only under exceptional circumstances  A report 

summarizing the glyphosate detects in European ground and surface waters (http://www.egeis-

toolbox.org/toolbox.html) shows that less than 1% of the >36,000 analyzed groundwater samples 

contained glyphosate residues above 0.1 µg/L.  This is in contradiction with the rate of detection of 

glyphosate in groundwater from this study (41%) , and also  with the claim of the authors that “very few 

works have been carried out to study the presence of glyphosate in groundwater”.  The same report 

shows that glyphosate is found in about 30% of the analyzed surface water samples, a detection 

frequency more in line with the observations from this publication. Based on the rate of detects from 

this study, and the conclusion from the author that “the higher concentrations can be associated to sites 

where the sampling was carried out immediately after glyphosate application in the area”, it seems 

probable that the type of sampled water is closer to surface water than to real groundwater.  

Additionally, the authors state that the “sampling campaigns were carried out during the peak season of 

glyphosate application” which further explains the high detection rate (even for surface water). 

Regarding the site 3, which does not appear to be in contact with surface water, more information 

would be needed to assess the vulnerability of the groundwater (depth of the groundwater, well 

construction, …) and ensure that the results can be related to “real” groundwater.  Nevertheless, given 

that this site is located in the same area as sites 4 and 5, it is likely that the water table from site 3 is also 

located in the unsaturated zone of the soil. 

                                                           
1
 Directive 2000/60/EC from the European Parliament and of the Council of 23 October 2000, establishing a framework for 

community action in the field of water policy, Official Journal of the European Communities, L327/1, 22/12/2000 



In conclusion, this document provides a good scientific overview of the performance of an ultrasensitive 

immunoassay method for glyphosate residues in water.  However, the apparent confusion on the type 

of sampled water doesn’t allow to draw any conclusion about the glyphosate presence in groundwater.  




