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1. Introduction 

Glyphosate manufacturers submitted eleven genotoxicity studies for the EU renewal of approval 

process in 2020, which had not been submitted in the previous license application; two further 

studies are currently not available (they are indicated as "in progress") [https://

w w w . g l y p h o s a t e . e u / a p p / u p l o a d s / 2 0 2 0 / 0 8 /

IT_Referencelist_GRG_AIR5_2020_Dossier_final.pdf]. 

 In this report, we investigated the scientific quality of the eleven studies. The quality of 

the older 53 industrial genotoxicity studies is described in an earlier document [https: //

s 3 . a m a z o n a w s . c o m / s 3 . s u m o f u s . o r g / i m a g e s /

Evaluation_scientific_quality_studies_genotoxic_glyphosate.pdf]. 

Eight of these studies concern two GLY metabolites (N-acetyl glyphosate and N-acetyl 

AMPA, AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid). Three studies were 

performed with a formulation of the herbicide (RoundUp, MON 52276).    

The following paragraph describes the scientific quality if the individual studies and 

different test systems that were used. The scientific principles of the individual test systems are 

also explained.  

The subsequent (third) part of the document describes the scientific relevance of the new 

investigations (i.e. the “novelty” of additional information). The last part contains the most 

relevant conclusions. 

https://www.glyphosate.eu/app/uploads/2020/08/IT_Referencelist_GRG_AIR5_2020_Dossier_final.pdf
https://www.glyphosate.eu/app/uploads/2020/08/IT_Referencelist_GRG_AIR5_2020_Dossier_final.pdf
https://www.glyphosate.eu/app/uploads/2020/08/IT_Referencelist_GRG_AIR5_2020_Dossier_final.pdf
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2. Evaluation of the scientific quality of individual new studies 

In total, 8 investigations of the “re-evaluation” list concern the genotoxic properties of 

metabolites of GLY (N-acetyl-glyphosate and N-acetyl AMPA). Their formation and relevance is 

explained in chapter 3 (on pages 48 - 51).  

The following test systems were used: micronucleus (MN) test in vivo in murine bone 

marrow erythrocytes (n=2); chromosomal aberrations in vitro in mammalian cells (Chinese 

hamster ovary (CHO) cells and human lymphocytes; n=2); gene mutation assay in vitro in 

mammalian cells (n=2); Salmonella/microsome test (n=2).  

1. IN-MCX20: Mouse Bone Marrow Micronucleus Test (test material: N-Acetyl 

Glyphosate; Disodium N-acetyl-N-(phosphonomethyl) glycine (KCA 5.8.1/44; ID-793) 

2. Mouse Bone Marrow Micronucleus Test (test material: N-Acetyl AMPA) (KCA 5.8.1/37; 

ID-786) 

3. In Vitro Mammalian Chromosome Aberration Test in Human Peripheral Blood 

Lymphocytes (test material: N-Acetyl AMPA (Acetamidomethyl)phosphosphonic acid) 

(KCA 5.8.1/35; ID-784) 

4. Chromosomal Aberrations in Chinese Hamster Ovary (CHO) Cells (test material: N-

Acetyl-Glyphosate) (KCA 5.8.1/42; ID-791) 

5. Salmonella-Escherichia coli/Mammalian-Microsome Reverse Mutation Assay with a 

Confirmatory assay with N-AcetylGlyphosate (test material: N-acetyl-glyphosate sodium 

salt (84.3% w/w N-acetyl-glyphosate sodium salt, 67.4% w/w N-acetyl-glyphosate, 

15.7% impurities) - (KCA 5.8.1/41; ID-790) 
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6. IN-EY252: Bacterial Reverse Mutation Assay (test material: N-Acethyl AMPA 

[(Acetylamino)methyl]phosphonic acid (CAS name uninverted); Phosphonic acid, 

[(acetylamino)methyl] (KCA 5.8.1/34; ID-783)  

7. IN-EY252: In Vitro Mammalian Cell Gene Mutation Test (CHO/HGPRT) (test material: 

N-Acetyl AMPA – (Acetamidomethyl)phosphonic acid) (KCA 5.8.1/36; ID-785) 

8. IN-MCX20: In Vitro Mammalian Cell Gene Mutation Test (CHO/HGPRT) (test material: 

N-Acetyl Glyphosate; Disodium N-acetyl-N-(phosphonomethyl) glycine OR Glycine, N-

acetyl-N-(phosphonomethyl)-, disodium salt) (KCA 5.8.1/43; ID-nor specified). 

Additionally, 3 studies were realized with MON 52276 which is a GLY formulation 

(containing 30.3 wt% GLY acid). The following tests were applied (Salmonella/microsome assay, 

2 MN studies in human lymphocytes in vitro). 

1. MON 52276: Micronucleus Test in Human Lymphocytes in vitro (test material: MON 

52276 (purity 100%; 30.8 w/w glyphosphate acid, 41.5% w/w isopropylamine salt of 

glyphosphate) (KCA 7.1.7/03; ID-877)  

2. In Vitro Mammalian Cell Micronucleus Assay in Human Peripheral Blood Lymphocytes 

(HPBL) (test material: MON 52276 (purity 30.3 w% glyphosphate acid - per Certificate 

of Analysis) - supplementary study on the plant protection product (KCA 7.1.7/02; 

ID-876)  

3. MON 52276: Bacterial Reverse Mutation Assay (test material: MON 52276 (30% wt. 

glyphosate acid) (KCP 7.1.7/01; ID-875). 
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2.1  Individual studies and their principles 

2.1.1 Micronucleus (MN) assay in bone marrow erythrocytes of mice 

Description 

Micronuclei (MN) are extranuclear DNA containing bodies which can be detected by microscopy 

in a variety of different cell types [1, 2]. These structures were initially designated as “Howell-

Jolly bodies”. They are formed as a consequence of structural and numerical chromosomal 

aberrations; i.e. they reflect chromosomal breaks and aneuploidy [1] (see Fig. 1). MN 

experiments are much easier to perform as chromosomal analyses with metaphase cells, 

therefore, they replaced classical chromosomal aberration (CA). MN can be scored in a variety of 

tissues, for example in polychromatic erythrocytes (PCE) from bone marrow, lymphocytes and 

blood erythrocytes, in liver cells and also in exfoliated cells from different organs in humans (for 

review see [3-6]). 

                                                          

                          1A                                                                      1B                                                         1C                                                              

Fig. 1. Morphology of micronuclei (MN, 1A) and their formation as a consequence of structural 

(1B) and numerical (1C) chromosomal aberrations. 
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The MN assay with PCE is at present the most widely used in vivo test for routine 

screening of chemicals [6]. One of the problems is that some of the test chemicals do not reach 

the target cells and that the bone marrow is not an important metabolic organ. The sensitivity of 

the MN assay with PCE for the detection of genotoxic carcinogens is therefore limited, only 

between 50 and 60% of the carcinogenic chemicals are identified with this approach [7-12]. A 

recent analysis indicates that other methods which were developed may provide more reliable 

results (for example, the single cell gel electrophoresis assay and experiments with transgenic 

rodents [13, 14].  

To ensure that the data which are obtained in MN experiments with PCE are correct, the 

sampling time after administration of the compound is of high importance as MN are only formed 

after cell divisions [1]. Positive results are obtained when the MN frequencies are higher than 

those seen in negative controls. However, also historical negative controls can be included in the 

evaluation. In our opinion, they should preferentially come from the same laboratory. Results 

obtained in other laboratories with other rodent strains under other feeding conditions are of 

limited value. 

It is also relevant that the route of administration reflects human exposure. In the case of 

the new GLY studies, all were performed with oral administration which is relevant for humans. 

According to our knowledge, no inhalation studies which reflect exposure of workers in 

agriculture and production were submitted by the industries. 

Guidelines for MN experiments were published by the OECD and other authorities. The 

number of cells which should be evaluated per animal is of crucial importance and it was raised 

to 4,000 by the OECD in 2016 (see Table 1).  
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Table 1. Number of cells which should be evaluated per animal according to individual 

guidelines 

Authority Year Number of cells which should 

be evaluated

Reference

OECD 1997 2000 [15]

US EPA  

OPPTS 870.5395

1998 2000 [16]

OECD 2016 4000 [17]
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Study type: micronucleus test in bone marrow cells (polychromatic erythrocytes). 

Study design: Single oral administration. Mice were sacrificed 24 h and 48 h after administration. 

Doses tested: 3 (500, 1000 and 2000 mg/kg). 

Study number: KCA 5.8.1/44 (ID-793; toxicity studies of metabolites) 

Performing laboratory: E. I. du Pont; Haskell Laboratory for Health and Environmental 

Sciences, Newark, Delaware US 

Date: 28.08.2006 

Title: IN-MCX20: Mouse Bone Marrow Micronucleus Test    

Report No.: DuPont-20154 

Guidelines: U.S. EPA OPPTS 870.5395 (1998); OECD Guidelines 474 (1997); EC 

Commission Directive 2000/32/EC Annex 4C-B12; MAFF Japan Number 4200 Agriculture 

Chemicals Laws and Regulations (1985) 

Sponsor: E.I. du Pont de Nemours and Company, Wilmington, Delaware 19898 

U.S.A. 

Test material: Disodium N-acetyl-N-(phosphonomethyl) glycine (uninverted); Glycine, N-

acetyl-N-(phosphonomethyl)-disodium salt (inverted)
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Animals: ♂ and ♀ Crl:CD1(ICR) mice; the vehicle control and the low- and intermediate-dose 

groups contained 10 animals/sex. The high-dose group contained 14 animals/sex, positive control 

5 animals/sex. 

Negative control: included (Nanopure® water); MN rates are OK. 

Positive control: cyclophosphamide (30 mg/kg, orally); MN rates are OK. 

Acute toxicity study for dose selection: included. 

Staining: acridine orange. 

Scoring of slides: 1000 total erythrocytes were scored for the determination of the ratio 

polychromatic erythrocytes (PCE)/normochromatic erythrocytes (NCE); 2,000 PCE were scored 

for MN.  

Statistical evaluation: MN frequencies were transformed with arcsine square root or Freeman-

Tukey function, then the Shapiro-Wilk and Levene’s tests were applied. Kruskal-Wallis and 

Dunn’s tests were applied for not transformed data. 

Historical control: presented. 
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Results: results which were obtained with individual animal are presented. Results are clearly 

negative at all time points. 

Remarks: the number of evaluated cells is in agreement with guidelines of 1997 and 1998 [15, 

16] but not in agreement with the actual one (OECD, 2016) [17] (2000 were scored instead of 

4000) . 

Comments (SK and AN): the study was carried out according to the guidelines which were 

valid when the study was performed [15, 16]. However, they are not in full agreement with 

the revised guideline from 2016 [17], therefore, the results are only partly reliable.  
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Study type: micronucleus test in bone marrow cells (polychromatic erythrocytes). 

Study design: Single oral administration. Mice were sacrificed 24 h and 48 h after administration. 

Doses tested: 3 (500, 1000 and 2000 mg/kg). 

Study number: KCA 5.8.1/37 (ID-786; toxicity studies of metabolites) 

Performing laboratory: E. I. du Pont; Haskell Laboratory for Health and Environmental 

Sciences, Newark, Delaware US 

Date: 31.08.2007 

Title: IN-EY252: Mouse Bone Marrow Micronucleus Test 

Report No.: DuPont-22226 

Guidelines: U.S. EPA OPPTS 870.5395 (1998); OECD Guidelines 474 (1998); EC 

Commission Directive 2000/32/EC Annex 4C-B12; MAFF Japan Number 4200 Agriculture 

Chemicals Laws and Regulations (1985) 

Sponsor: E.I. du Pont de Nemours and Company, Wilmington, Delaware 19898 

U.S.A. 

Test material: [(Acetylamino)methyl]phosphonic acid (uninverted); Phosphonic acid, 

[(Acetylamino)methyl]- (inverted); Synonym: N-Acetyl AMPA



 14

Animals: ♂ and ♀ Crl:CD1(ICR) mice were used; the vehicle control and the low- and 

intermediate-dose groups contained 10 animals/sex. The high-dose group contained 14 animals/

sex, positive control 5 animals/sex. 

Negative control: included (deionized water); MN rates are OK. 

Positive control: cyclophosphamide (30 mg/kg, orally); MN rates are OK. 

Acute toxicity (dose selection): included; only one dose (2,000 mg/kg). 

Staining: acridine orange. 

Scoring of slides: 1000 total erythrocytes were scored for the determination of the ratio PCE/

NCE; 2,000 PCE were scored for MN.  

Statistical evaluation: MN frequencies were transformed with arcsine square root or Freeman-

Tukey function, then the Shapiro-Wilk and Levene’s tests were applied. Kruskal-Wallis and 

Dunn’s tests were applied for not transformed data. 

Historical control: presented. 

Results: all results obtained with individual animal are presented. Results are clearly negative at 

all time points. 
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Remarks: the number of evaluated cells is in agreement with guidelines of 1997 and 1998 [15, 

16] but not in agreement with the actual one (OECD, 2016) [17] (2000 were scored instead of 

4000) . 

Comments (SK and AN): the study was carried out according to the guidelines which were 

valid when the study was performed [15, 16]. However, they are not in full agreement with 

the revised guideline from 2016 [17], therefore, the results are only partly reliable.  
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2.1.2 Chromosomal aberration test in cultured mammalian cells 

Description 

This classical procedure was developed to detect structural and numerical chromosomal 

aberrations (chromosome and chromatid type) and is performed with mammalian cells, either 

with stable cell lines or with primary cells.  

The sensitivity of the test system depends strongly on the cell type. When the experiments are 

performed with indicator cells which do not possess drug metabolizing enzymes (e.g. CHO, V79, 

lymphocytes), an exogenous activation mix has to be added to the incubation mixtures. 

The selection of the concentrations, as well as positive and negative controls are described in 

detail in OECD guideline # 473 (1997, 2014, 2016, update of 2014-2015) [18-21]. The number of 

concentrations that has to be tested and the number of metaphases which are evaluated per 

concentration should be clearly specified. Chromosome and chromatid type aberrations should be 

recorded separately and classified by subtypes (breaks, exchanges, gaps). Data concerning CA 

numbers should be presented with and without gaps.  

Apart from OECD [18-21] and the US EPA OPPTS 870.5375 [22] guidelines, the test procedure 

is also described in the UK EMS recommendations [23] and in the “Handbook of Mutagenicity 
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Test Procedures” (two chapters [24] and [25]). A very important issue is the number of 

metaphases which should be evaluated. Relevant information can be found in Table 2. 

In vitro CA analyses have been largely replaced by the MN experiments which detect structural 

as well as numerical CA. However, the biological relevance of CA in regard to the detection of 

genotoxic carcinogens is relatively high, therefore, the results of earlier investigations are 

important. 

Table 2. Number of metaphases which should be evaluated according to individual 

guidelines 

Authority Year Number of cells which should 

be evaluated

Reference

OECD 1997 200 [18]

US EPA 1998 200 [22]

FDA, Redbook 2000: 
IV.C.1.b.

2003 200 https://www.fda.gov

OECD Update 

2014/2015

300 [21]

OECD 2016 300 [20]

https://www.fda.gov
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Study number: KCA 5.8.1/35 (ID-784; toxicity studies of metabolites) 

Performing laboratory: BioReliace Corporation, Rockville, Maryland, US 

Date: April 17, 2007 

Title: IN-EY252: In Vitro Mammalian Chromosome Aberration Test in Human Peripheral 

Blood Lymphocytes  

Report No.: CTL/P/6050; DuPont-22225 

Guidelines: US EPA OPPTS Guideline 870.5375 (1998); EC Commission Directive 

2000/32/EC Annex 4A-B10 No. L 136; OECD #473 (1998); JMAFF 12-Nousan-8147 

(2001) 

Test material: [(Acetylamino)methyl]phosphonic acid (uninverted); Phosphonic acid, 

[(acetylamino)methyl]- (inverted); (Acetamidomethyl)phosphosphonic acid 

Sponsor: E.I. Du Pont De Nemours and Company, Dupont Haskell Laboratory 

Newark, DE, USA
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Study type: Cytogenetic study with human peripheral blood lymphocytes in vitro with and 

without metabolic activation. Peripheral blood lymphocytes were obtained from 2 healthy donors.  

Study design: cells were treated for 4 and 20 hours without metabolic activation and for 4 hours 

with exogenous activation (S9 mix). The cells were harvested 20 hours after the treatment. 

Negative controls: included, background aberrations are OK. 

Positive controls: included; mitomycin C was used in experiments without metabolic activation; 

cyclophosphamide was used in experiments with activation; results are OK. 

Selection of the concentrations: based on a preliminary cytotoxicity test, doses which were 

chosen chosen for the chromosome aberration assay ranged between 191.25 and 1,530 µg/mL.  

Concentrations tested: 4 (191.25, 382.5, 765, 1,530 µg/mL). 

Metabolic activation system: Aroclor 1254-induced rat liver S9 was used as the metabolic 

activation system. The S9 was obtained from Moltox (Molecular Toxicology Inc. Boone, NC, 

US).  

Scoring of slides: Cells were stained with 5% Giemsa. a minimum of 200 metaphase (100 per 

duplicate treatment condition) were examined and scored for chromatid and chromosome type 

aberrations. 
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Statistical evaluation: Fisher's Exact test and the Cochran-Armitage test were used for assessment 

of the results. 

Historical controls: provided. 

Results: IN-EY252 was concluded to be negative for induction of structural and numerical 

chromosome aberrations in both the non-activated and S9-activated test systems in the in vitro 

mammalian chromosome aberration test using human peripheral blood lymphocytes. 

Remarks: the study was performed according to the OECD [18] and ES-EPA [22] guidelines. 

According to the current OECD guideline [20], 300 cells should be scored per experimental 

point. 

Comments (SK and AN): the study was carried out according to the guidelines which were 

valid when the study was performed. The results are not in full agreement with the current 

guideline. Hence, the results are only partly reliable.  
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Study type: Cytogenetic study with Chinese ovary cells (CHO) in vitro with and without 

metabolic activation.  

Study design: in the chromosomal aberration experiments, the treatment period was 3 hours with 

and without metabolic activation. Cultures were harvested 20 h after the initiation of the 

treatment. ln addition a set of cultures was treated for 20 h without metabolic activation and 

harvested after 20 h. 

Negative controls: included (cell culture grade water), background aberration levels are OK. 

Positive controls: included; mitomycin C was used in experiments without metabolic activation; 

cyclophosphamide was used in experiments with activation; results are OK. 

Study number: KCA 5.8.1/42 (ID-791; toxicity studies of metabolites)  

Performing laboratory: Covance Laboratories lnc., Vienna, Virginia, US 

Date: 10 September 2004 

Title: Chromosomal Aberrations in Chinese Hamster Ovary (CHO) Cells 

Report No.: 7535-102 (Covance); VER04-COV-02 (Sponsor) 

Guidelines: U.S. EPA FIFRA Guideline 84-2; U.S. EPA OPPTS 870.5375 

OECD Guidelines #473 

Test material: N-Acetyl-Glyphosate 

Sponsor: Verdia Inc, California, US



 22

Metabolic activation mix: characterized; the S9 was obtained from Moltox (Molecular 

Toxicology Inc. Boone, NC, US).  

Selection of the concentrations: based on the results of preliminary cytotoxicity test, doses were 

chosen for the chromosome aberration assay; at a concentration of 2,800 µg/ml (the highest 

concentration) no cytotoxic effect was found.  

Concentrations tested: 15 (19.0, 27.1, 38.9, 55.4, 79.1, 113, 161, 231, 329, 471, 672, 960, 1,370, 

1,960, and 2,800 µg/mL). The highest dose, 2800 µg/mL, which was > 10 mM of the test article 

is the recommended high dose in the OECD guidelines. 

Scoring of slides: cells were stained with 5% Giemsa. 200 metaphases were examined and scored 

for chromatid and chromosome type aberrations. 

Statistical evaluation: Cochran-Armitage test and Fisher's Exact Test were used for evaluation of 

the results. 

Historical controls: provided. 

Results: the test article was considered negative for inducing structural chromosomal aberrations 

in CHO cells with and without metabolic activation. 
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Remarks: the study was performed according to the OECD [18] and ES-EPA [22] guidelines. 

According to the current OECD guideline [20], 300 cells should be scored per experimental 

point. 

Comments (SK and AN): the study was carried out according to the guidelines which were 

valid when the study was performed. The results are not in full agreement with the current 

guideline. Hence, the results are only partly reliable.  
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2.1.3 Micronucleus test in human lymphocytes in vitro 

Description 

Micronuclei (MN) are extranuclear DNA containing bodies which can be detected by microscopy 

in a variety of different cell types [2] (see page 6, Fig. 1). Recently also automated scoring 

devices have been developed [26]. MN were discovered by Matter and Schmid in 1971 [1]. They 

reflect both structural and numerical chromosomal aberrations which are usually evaluated in 

metaphase cells [27]. 

 The scoring of MN is much faster and less time consuming than chromosomal 

aberrations, and the detection spectrum is identical as that of CA experiments with metaphase 

cells.  

MN formation requires nuclear divisions and it is important that cells divide after 

chemical or radiation treatment. Therefore, usually cytochalasin B is added to cell cultures in 

vitro. This compound allows nuclear division but not cell divisions and MN are scored in 

binucleated cells [28]. 

The first OECD guideline was adopted in 2010, subsequently revised versions were 

published (2014 and 2016 [29]).  

MN experiments can be performed with a variety of cell lines including peripheral human 

lymphocytes. The highest doses are selected on the basis of acute cytotoxicity experiments and at 

least three test compound concentrations (not including the solvent and positive controls) have to 

be analyzed in a main experiment. It is important that the cell divisions takes place. The number 

of cells which has to be evaluated at each concentration tested is 2,000 in either replicate or 

single treated cultures [29]. No follow-up experiments are needed when a clear negative result is 
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obtained. A number of acceptability criteria are described in the relevant OECD guideline # 487 

[29].  

Study type: Cytogenetic study (micronucleus induction) with human lymphocytes in vitro with 

and without metabolic activation.  

Study design: Cultures from 2 donors were used. The exposure time was 4 h in the presence and 

absence of metabolic activation mix (S9) and in additional experiment 24 h in absence of 

metabolic activation.  

Negative controls: included, background MN rates are OK. 

Study number: KCA 7.1.7/03 (ID-877; supplementary study on the plant protection 

product)  

Performing laboratory: Covance Laboratories Ltd., Shardlow, Derbyshire, UK  

Date: 13 May 2020  

Title: MON 52276: Micronucleus Test in Human Lymphocytes in vitro 

Report No.: WC22PQ; TRR0000171 (Sponsor);   

Guidelines: OECD Guidelines for Testing of Chemicals No. 487  

Test material: MON 52276 (purity 100%; 30.8 w/w glyphosphate acid, 41.5% w/w 

isopropylamine salt of glyphosphate 

Sponsor: Monsanto Company
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Positive controls: are included [cyclophosphamide was used for experiments with S9; mitomycin 

C and demecolcine were used for experiments without S9]. Results are OK.  

Metabolic activation: the S9 mix was obtained from Moltox (Molecular Toxicology Inc. Boone, 

NC, US). 

Preliminary toxicity test: The dose levels of test item used were 0, 19.53, 39.06, 78.13, 156.25, 

312.5, 625, 1250, 2500 and 5000 µg/mL. No cytotoxicity was observed at the highest 

concentration. 

Concentrations tested: 4 (312.5, 625, 1,250, 2,500, 3,750, 5,000 µg/ml) 

Scoring of slides: Cells were stained with 5% Giemsa. The cytokinesis block proliferation index 

(CBPI) was calculated in 500 cells. The micronucleus frequencies in 1,000 binucleated cells was 

analyzed per culture (2,000 binucleated cells per concentration for the test item and positive 

control and 4,000 binucleated cells for the vehicle controls). 

Statistical evaluation: the chi-squared test was applied. 

Historical controls: provided. 

Results: the test item, MON 52276 was considered to be negative at all concentrations. 
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Remarks: clear negative results were obtained. There were no deviations from the OECD 

guideline #487 (2016) [29]. 

Comments (SK and AN): the study was performed in agreement with the current OECD 

guideline. Therefore, results of study are reliable from a methodological point of view.  
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Study type: Cytogenetic study with human lymphocytes in vitro with and without metabolic 

activation.  

Study design: Cultures from 2 donors were used. The exposure time was 4 h in the presence and 

absence of metabolic activation mix (S9) and 24 h in additional experiment in absence of 

metabolic activation.  

Negative controls: included, background MN rates are OK 

Study number: KCA 7.1.7/02 (ID-876; supplementary study on the plant protection 

product)  

Performing laboratory: BioReliace Corporation, Rockville, Maryland, US 

Date: 12 October 2016  

Title: In Vitro Mammalian Cell Micronucleus Assay in Human Peripheral Blood 

Lymphocytes (HPBL) 

Report No.: AE60YE-348-BTL; MSL0027858 (Sponsor);   

Guidelines: OECD Guidelines for Testing of Chemicals No. 487  

Test material: MON 52276 (purity 30.3 w% glyphosphate acid - per Certificate of 

Analysis) 

Sponsor: Monsanto Company, Saint Louis, MO, US
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Positive controls: included [cyclophosphamide was used for experiments with S9; vinblastine 

was used for experiments without S9]; the results are OK.  

Metabolic activation: commercial S9 mix was used. Information concerning source from where 

S9 was purchased is hidden (not provided). 

Preliminary toxicity test: nine dose levels of test item used were tested (0.2 – 2,000 µg/ml). 

Cytotoxicity [defined as 55 ± 5% cytokinesis-blocked proliferation index (CBPI) relative to the 

vehicle control] was not observed at any dose with and without metabolic activation. However, 

cytotoxicity was observed at 2000 µg/mL after 24 h treatment without S9. Based on these results, 

the doses which were chosen for the micronucleus assay ranged between 2 and 2000 µg/mL for 

the 4 h exposure period without S9, between 6 and 2000 µg/mL for 4 h exposure with S9 mix and 

24 h for exposure without S9 mix. 

Concentrations tested: 5 (2.0 - 2000 µg/ml) in experiments without metabolic action – 4 h 

treatment; 9 (6.0 - 2000 µg/ml) in experiments without metabolic activation – 24 h treatment; 5 

(6.0 - 2000 µg/ml) with metabolic activation – 4 h treatment. 

Scoring of slides: Cells were stained with acridine orange. 2000 binucleated cells from each 

concentration were examined and scored for presence of micronuclei. 

Statistical evaluation: the Fisher's exact test and the Cochran-Armitage trend test were used.  
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Historical controls: provided. 

Results: no significant or dose-dependent increases in micronuclei induction were observed in 

treatment groups with or without S9. 

Remarks: clear negative results were obtained. There were no deviations from the OECD 

guideline #487 (2016) [29]. 

Comments (SK and AN): the study was performed in agreement with the current OECD 

guideline. Therefore, results of study are reliable from a methodological point of view.  
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2.1.4 Bacterial Reverse Mutation Assay (Salmonella/microsome test) 

Description 

The test was developed by B. Ames and it is based on the detection of reverse mutations (back 

mutations) of specific gene of Salmonella typhimurium strains which lead to histidine auxotrophy 

[30]. Different strains were developed to detect different classes of compounds. They differ in 

regard to the target genes and also in regard to their repair capacity and membrane permeability.  

 We evaluated the results on the basis of the OECD Guideline # 471 (1997) [31], OECD 

update of guidelines 2014-2015 [21], the UK EMS guideline [32] and several other reports 

including the methodological description of Maron and Ames [33], Levy et al. [34] and 

Mortelmans and Zeiger [35].  

More than 15,000 chemicals have been tested in the Salmonella/microsome assay. The 

sensitivity/specificity of the assay for the detection of genotoxic carcinogens is well known. 

Within the regulatory battery, the Ames test exhibits reasonable specificity, but poor sensitivity 

[36].   

Most relevant criteria are described in OECD guideline # 471 adopted in 1997 [31] and 

corrected in 2020 [37]. A very important parameter (not explicitly described in this document) is 

the number of the revertant colonies in untreated control plates which should be in a defined 

range. When the rates are higher or lower as expected, results of experiments are inconclusive 
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and the genetic identity of the strain has to be verified. One of the main reasons of such 

alterations can be loss of plasmids which encode for repair functions.    

The most important criteria include, apart from the background levels, the adequate 

numbers of strains, the number of doses tested and the number of plates per dose. Only at the 

highest dose acute toxic effects should occur which lead to reduction of his+ revertants. Note, that 

no statistical analysis is mandatory according to present OECD guideline. When negative results 

are obtained, the Agency suggests [31, 37] to perform an additional experiment or provide an 

explanation why this not required. It is also notable that from 5 doses which should be tested 

from each compound, cytotoxicity leading to reduced number of his+ revertants should occur 

only at the highest dose. 
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Test description: plate preincubation procedure with repetition. 

Dose finding test: initial toxicity-mitagenicity test (±S9 mix), only 2 per dose. 

Number of strains: 5 

Number of doses tested (main experiment): 6, the highest tested dose was 5,000 µg/plate.  

Number of plates/dose (main experiment): 3.  

Negative controls: background levels of revertants are in all strains are acceptable. 

Study number: KCP 7.1.7/01 (ID-875; supplementary studies on the plant protection 

product) 

Performing laboratory: BioReliace Corporation, Rockville, Maryland, US 

Date: October 10, 2016 

Title: Bacterial Reverse Mutation Assay 

Report No.: AE60YE.503.BTL (BioReliance); MSL0027853 (Monsanto Report Number) 

Guidelines: OECD Guideline 471 

Test material: MON 52276 (30% wt. glyphosate acid) 

Sponsor: Monsanto Company, Saint Louis, MO 63167
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Positive controls: results are provided, positive as expected. In all experiments with S9 2-AA was 

used for all strains without further information.  

Metabolic activation: well characterized: S9 mix was purchased from MolTox (Molecular 

Toxicology, Inc., Boone, NC, US). 

Statistical analysis: not mentioned. 

Historical controls: provided 

Results: in general, no clear increase over the background values was seen. In Salmonella strain 

TA98 and E. coli WP2 uvrA a moderate increase (ca. 30% over the background was observed); 

no statistical analysis was performed.  

Remarks: no repetition experiment was performed. According to the OECD guideline [31] a 

justification should be provided when no follow-up experiment is realized. This justification is 

lacking. Furthermore, no justification concerning the sole use of 2-AA as the only positive 

control compound in experiments with S9 is provided as requested in the OECD guideline [31].      

Comments (SK and AN): the study has minor deviations from the OECD guideline. 

Therefore, the results of the study are only partly reliable. 
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Test description: plate preincubation procedure with repetition. 

Dose finding test: included. 

Number of strains: 5. 

Number of doses tested (main experiment): 5, the highest tested dose was 5,000 µg/plate. 

Number of plates/dose (main experiment): 3.  

Study number: KCA 5.8.1/41 (ID-790; toxicity studies of metabolites) 

Performing laboratory: Covance Laboratories lnc., Vienna, Virginia, US 

Date: December 23, 2004 

Title: Salmonella-Escherichia coli/Mammalian-Microsome Reverse Mutation Assay with a 

Confirmatory assay with N-AcetylGlyphosate  

Report No.: VER04-COV-03; 7535-101 (Covance Study Number) 

Guidelines: OECD Guideline 471 

Test material: N-acetyl-glyphosate sodium salt (84.3% w/w N-acetyl-glyphosate sodium 

salt, 67.4% w/w N-acetyl-glyphosate, 15.7% impurities) 

Sponsor: Verdia, Inc., Redwood City, CA, US
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Negative controls: the authors state that the vehicle control for strain TA98 without S9 was not in 

acceptable range; therefore, they repeated the experiment (once) and obtained normal negative 

control values. 

Positive controls: in most tests 2AA was used as a positive control in all experiments with S9 

without providing an explanation as requested in the OECD guideline. In strain TA100 no 

mutants were found in one plate in one experiment without S9. The authors state that “this 

deviation has no adverse impact on the outcome of the study”. 

Metabolic activation: well characterized: S9 mix was purchased from MolTox (Molecular 

Toxicology, Inc., Boone, NC, US). 

Statistical analysis: not mentioned. 

Historical controls: provided 

Results: the authors conclude that the test substance is not mutagenic. However, they found a 3.3-

fold increase at one dose (in TA1537 without S9). The authors declare that they found no dose 

response and state that that these findings do not meet the criteria for a positive effect. 

Remarks: a positive result was obtained in one strain (TA1537) and no follow-up experiments 

were performed. According to the OECD guidelines it should be justified when no follow-up 

experiment is performed. This justification s nor provided. According to the criteria for a positive 

result in to the OECD guideline it is also possible when an increase of revertance is seen only 
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with one (or more concentrations) in at least one test strain when the effect is reproducible! Since 

no repetition experiment was performed, the results of the study are inconclusive in the light of 

these requirements.  

Comments (SK and AN): the study deviated substantially from the OECD guideline. 

Therefore, the results of the study are not reliable. 
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Test description: initial toxicity-mutagenicity test followed by a confirmatory test (plate 

incorporation). 

Dose finding test: included. 

Number of strains: 5. 

Number of doses tested (main experiment): 5, the highest tested dose was 5,000 µg/plate.  

Study number: KCA 5.8.1/34 (ID-783; toxicity studies of metabolites)  

Performing laboratory: BioReliace Corporation, Rockville, Maryland, US 

Date: July 23, 2007 

Title: IN-EY252: Bacterial Reverse Mutation Assay 

Report No.: AB47BT.503.BTL (BioReliance); DuPont-22227 

Guidelines: EC Commission Directive 2000/32/EC Annex 4D-B.13/14. No. L 36/57; 

OECD Guidelines for Testing of Chemicals Section 4: Health Effects, No. 471 (1998); 

U.S. EPA OPPTS Guideline 870.5100; JMAFF 12 NouSan 8147 (November 24, 2000 and 

July 26, 2001) 

Test material: N-Acethyl AMPA (76% purity); [(Acetylamino)methyl]phosphonic acid 

(CAS name uninverted); Phosphonic acid, [(acetylamino)methyl]- (CAS name inverted); 

(Acetamidomethyl)phosphoric)acid (IUPAC name) 

Sponsor: E. I. DuPont de Nemours and Company, Newark, DE, US
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Number of plates/dose: initial test – 2 plates/dose; main experiment: 3 plates/dose. 

Negative controls: authors state that the vehicle control for strain TA98 without S9 was not in the 

acceptable range; therefore, they repeated the experiment (once) and obtained normal negative 

control values. 

Positive controls: in most tests 2AA was used as a positive control in all experiments with S9 

without providing an explanation as requested in the OECD guideline. In strain TA100 no 

mutants were found in one plate in one experiment without S9. The authors state that “this 

deviation has no adverse impact on the outcome of the study”. 

Metabolic activation: well characterized: S9 mix was purchased from MolTox (Molecular 

Toxicology, Inc., Boone, NC, US). 

Statistical analysis: mentioned but not specified 

Historical controls: provided 

Results: the authors conclude that the test substance is not mutagenic 
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Remarks: negative results were obtained in a “toxicity-mutagenicity” study in which only two 

plates were tested per dose. Subsequently, a main experiment with 3 plates was performed. 

According to the OECD guidelines, “negative tests need to be confirmed on a case by case 

basis”. In those cases where confirmation of a negative result is not considered necessary, 

justification should be provided. Furthermore, the OECD guideline [31, 37] states that 

“modification of study parameters should be considered”. In the present study no justification for 

the lack of a follow-up experiment is provided. The “toxicity-mutagenicity” study is not a full 

mutagenicity study as only 2 plate were used per experimental point.  

Comments (SK and AN): the lack of follow-up experiment is a clear shortcoming. The first 

“toxicity-mutagenicity” study used only 2 plates/dose. Therefore, the results of the study are 

only partly reliable.   
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2.1.5 Mammalian cell gene mutation test 

Description 

The test system is based on the detection of (forward) gene mutations in the hypoxanthine-

guanine phosphoribosyl transferase gene (Hprt in rodent cells, HPRT in human cells) and was 

developed in the 1980s [38, 39]. The experiments can be conducted with several suitable cell 

lines. Mutant cells which are deficient in Hprt enzyme activity are resistant to the cytostatic 

effects of the purine analogue (antimetabolite) 6-thioguanine (6-TG) while non-mutant cells 

cannot proliferate in presence of 6-TG [38, 39]. Important parameters of the test are the relative 

survival rate which is determined by plating indicator cells on non-selective medium plates and 

the mutant frequencies (MF) which indicate the number of mutants, that are found when the cells 

are seeded on plates which contain the selection agent (6-TG).  

The procedure is described in detail in OECD guideline # 476 (1997) [40] and 2016 [41], 

and in an update of the OECD guideline from 2014-2015) [21]. The criteria and requirements for 

an adequate report are specified. The procedure is also explained in an UK EMS guideline [42]. 

The experiments are conducted with and without metabolic activation (S9 mix); at least 3-4 doses 

of a test compound as well as positive and negative controls should be included.  
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Test type: Hypoxanthine-guanine phosphoribosyl transferase assay with CHO-K1 (Chinese 

hamster ovary) cells with and without metabolic activation. 

Study number: KCA 5.8.1/36 (ID-785; toxicity studies of metabolites) 

Performing laboratory: E.I. du Pont de Nemours and Company, Laboratory of Health and 

Environmetal Sciences, Wilmington, Delaware 19898 

U.S.A. 

Date: September 25, 2007 

Title: IN-EY252: In Vitro Mammalian Cell Gene Mutation Test (CHO/HGPRT) 

Report No.: DuPont-22224 

Guidelines: U.S. EPA Health Effects Test Guidelines OPPTS 870.5300 (1998); OECD 

Guidelines for the Testing of Chemicals Section 4 (Part 476) (1998);  EC Commission 

Directive 2000/32/EC Annex 4E–B17 Number L 136; MAFF Japan Testing Guidelines for 

Toxicity Studies 59 Nousan Number 4200 (1985) 

Test material: CAS Name (uninverted): [(Acetylamino)methyl]phosphonic acid;  CAS 

Name (inverted): Phosphonic acid, [(Acetylamino)methyl]-; Alternative synonym: N-Acetyl 

AMPA (purity 72%); 

Sponsor: E.I. du Pont de Nemours and Company, Wilmington, Delaware 19898 

U.S.A.
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Test protocol: a preliminary toxicity test (9 concentrations, 5 to 1531 µg/ml) and two main 

experiments are mentioned. Five cultures were used per experiment. Five doses were tested (100, 

250, 500, 1000, and 1531 µg/mL), the exposure time was 5 h.  

Negative controls: the authors state that spontaneous mutant frequency was in the first trial very 

high resulting in an invalid test. No results of this experiment are shown. The authors repeated 

the experiment once and the findings of this second experiment are presented. They stated that 

the background frequencies were in this trial in the expected range (comments see below).  

Positive controls: included in experiments with and without S9 (ethyl methanesulfonate (EMS) 

for experiments without metabolic activation) and benzo(a)pyrene with S9. Positive results were 

obtained as expected. 

Metabolic activation: well characterized: S9 mix was purchased from MolTox (Molecular 

Toxicology, Inc., Boone, NC, US). 

Statistical analyses: not performed.  

Historical controls: provided. 

Results: the authors state that the test compound was not found to induce forward mutations at 

the HGPRT gene locus of CHO cells in either the non-activated or S9-activated test conditions. 

They concluded that the test substance is negative in this in vitro test.    
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Remarks: the authors state that the test is in agreement with the OECD guideline #476 (1997). 

However, it is not in agreement with the revised version published in 2016 which states that the  

spontaneous mutant frequencies should be in general between 5 and 20 x 106 [41]. In the UKMS 

guidelines acceptable spontaneous mutant frequencies between 1 x 106 and 10 x 106 are 

mentioned for CHO cells [42]. In the present study the spontaneous mutant frequency was 26.2 x 

106 (with S9) and 24.7 x 106 (without S9). Therefore, it is outside of the recommended range. It is 

notable that the ranges of the spontaneous mutants are also clearly out of the maximal values 

defined in the historical control data table from the testing laboratory.  The same laboratory tested 

another compound in the same test system in the same cell line (study KCA 5.8.1/43). In this 

study a much lower baseline frequency was found, namely 3.2 x 106 for experiments without S9 

and 12.3 x 106 in experiments with S9.  

Comments: based on the current OECD guideline (2016) [41] the study can be not classified 

as valid as the spontaneous mutant frequencies are out of the expected range. Therefore, the 

results of the study are not reliable. 
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Test type: Hypoxanthine-guanine phosphoribosyl transferase assay with CHO-K1 (Chinese 

hamster ovary) cells with and without metabolic activation. 

Test protocol: a preliminary toxicity test and one main experiments were realized. Three plates 

were used for cloning efficiency and five selection plates per experiment. Five concentrations 

Study number: KCA 5.8.1/43 (ID-not specified; toxicity studies of metabolites) 

Performing laboratory: E.I. du Pont de Nemours and Company, Laboratory of Health and 

Environmetal Sciences, Wilmington, Delaware 19898 

U.S.A. 

Date: September 13, 2006 

Title: IN-MCX20: In Vitro Mammalian Cell Gene Mutation Test (CHO/HGP 

Report No.: DuPont-20155 

Guidelines: U.S. EPA Health Effects Test Guidelines OPPTS 870.5300 (1998); OECD 

Guidelines for the Testing of Chemicals Section 4 (Part 476) (1998); EC Commission 

Directive 2000/32/EC Annex 4E–B17 Number L 136; MAFF Japan Testing Guidelines for 

Toxicity Studies 59 Nousan Number 4200 (1985) 

Test material: CAS Name (uninverted): Disodium N-acetyl-N-(phosphonomethyl)glycine;  

CAS Name (inverted): Glycine, N-acetyl-N-(phosphonomethyl)-, disodium salt (purity 

63%) 

Sponsor: E.I. du Pont de Nemours and Company, Wilmington, Delaware 19898 

U.S.A.
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were tested (250, 500, 1000, 1500, and 2091 µg/mL), the exposure time was 5 h for experiments 

with and without S9.  

Negative controls: included, the number of mutants per 106 clonable cells are in the expected 

range.  

Positive controls: included in experiments with and without S9 (ethyl methanesulfonate (EMS) 

for experiments without metabolic activation) and benzo(a)pyrene with S9. Positive results were 

obtained as expected. 

Metabolic activation: well characterized: S9 mix was purchased from MolTox (Molecular 

Toxicology, Inc., Boone, NC, US). 

Statistical analyses: not performed; data was evaluated using scientific judgment.  

Historical controls: provided. 

Results:  the authors state that the compound was not found to induce forward mutations at the 

HGPRT gene locus of CHO cells in either the non-activated or S9-activated test conditions. The 

test substance was concluded to be negative in this in vitro test. 

Remarks: no statistical analysis was performed in this study and no dose-response effect was 

analyzed. It is notable that increased mutant frequencies were observed in the main experiment 
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with 2 doses, 250 µg/ml and 500 µg/ml. At the second dose the level increased 2.4 over the 

background. The number of mutants at the next higher concentration (1,000 µg/ml) decreased 

dramatically.   

Comments (SK and AN): on the basis of this situation is not possible to conclude if a 

compound is clearly positive or negative. Not all criteria for a clear negative results (as 

described in the OECD guideline, 2016) [41] are fulfilled. Note that the values found with a 

concentration of 500 µg/ml exceeded the mean value in the historical control data. In our 

opinion, a repeat experiment and adequate statistical analyses are mandatory to clarify the 

situation. Therefore, the results of the study are not reliable.   
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2.2 Summary: Evaluation of the quality of the studies 

In total, 11 studies were evaluated (2 in vivo bone marrow MN studies with mice, 2 chromosomal 

aberration test in vitro in mammalian cells (Chinese hamster ovary (CHO) cells and human 

lymphocytes); 2 MN tests in vitro in human lymphocytes; 2 gene mutation assays in vitro in 

mammalian cells; 3 Salmonella/microsome tests).  

Two MN experiments with bone marrow cells are included in the re-evaluation. In both 

studies the number of cells which was evaluated is not sufficiently high (2,000 cells were 

evaluated instead of 4,000 recommended in the current guidelines). Therefore, the results of 

these studies are only partly reliable from the current point of view.   

Two CA assays with mammalian cells in vitro are included in the re-evaluation (one 

with human lymphocytes and one CHO cells). Both studies are in agreement with the OECD 

guideline which was relevant when the studies were realized (200 cells were evaluated per 

concentration). However, the later version of this guideline states that a higher number of cells 

should be evaluated (i.e. 300 cells per concentration). Therefore, these studies are only partly 

reliable from the current point of view.   

Two MN studies with human lymphocytes are included in the re-evaluation. Both of 

them are in full agreement with the current OECD guideline, and, therefore, the results are 

reliable. 

Three Salmonella/microsome studies are included in the re-evaluation. In the first study 

(ID-875) no repetition experiment was performed without providing justification. This is not in 

agreement with the current OECD guideline. Furthermore, no justification is provided for the sole 

use of a positive control compound (2-Aminoanthracene). This is also not in agreement with the 

current OECD guideline. The results of this study are, therefore, only partly reliable.  
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In a second study (ID-790) a pronounced increase of the number of revertants was 

observed with one dose with one strain. No follow-up experiment was performed. No 

justification is provided why it was not performed. This is mandatory according to the current 

OECD guideline. Therefore, the study is not reliable.  

In the third study (ID-783) no repletion experiments were performed and no justification 

for the lack of a follow-up experiment is provided. A “toxicity-mutagenicity” study is not 

conclusive as only 2 plate were used per experimental point. The results of this study are, 

therefore, only partly reliable.  

Two gene mutations tests are included in the re-evaluation. In the first (ID-785) the 

background levels (spontaneous mutant frequencies) are not acceptable. The results of this 

study, therefore, are not reliable. In the second study (ID not specified; KCA 5.8.1/43) 

increased mutant frequencies were observed with some concentrations and no results of statistical 

analysis are provided. The results of this study are, therefore, not reliable.  

In conclusion, out of 11 studies, 2 are completely reliable; 6 partly reliable and 3 not 

reliable. 
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3. Impact of the re-evaluation on the classification of glyphosate 

We emphasized in our evaluation of the EFSA-classification from (2015) that there is an urgent 

need to provide data from rodent in vivo experiments with inner organs other than the bone 

marrow.  The EFSA files contained only results from 15 micronucleus studies with bone marrow 

cells with rodents and one in vivo UDS-experiment with liver cells from rats. The predictive 

value of the micronucleus assays with rodents for the detection of carcinogens is extremely low. 

Several validation studies showed that it detects only five to six out of ten carcinogens [7-12] and 

it was emphasized that it is not useful for the detection of carcinogens in general [7, 8]. 

According to the opinion of the EFSA, UDS-assays should not be performed in the future as they 

are not reliable [43].  

We suggested to perform in vivo experiments which enable to monitor DNA-damage in 

inner organs other than the bone marrow as earlier investigations (published in the literature) 

indicate that the compound causes DNA-damage in the liver and possibly also in other organs. 

This observation is in agreement with our unpublished experiments indicating that GLY causes 

DNA-damage in the liver and other organs in mice but not in the bone marrow (for details and 

references see last evaluation by Nersesyan and Knasmueller). These observations were made in 

single cell gel electrophoresis (comet) assays for which an OECD-guideline is available [44]. 

Another well standardized assay are experiments with transgenic rodents (TGR) which also allow 

measurements in inner organs. Also for this procedure an OECD guideline for in vivo 

experiments is available [45]. Furthermore, it would be important to conduct experiments with 

liver derived cells which reflect the activation/detoxification of carcinogens. Typical examples 

are HepG2 and HepaRG cells [46]. Positive results with glyphosate were obtained with HepG2 

cells in different independent studies. Some of these studies were published in the literature [47, 
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48]. It is mentioned in the OECD guideline for in vitro micronucleus test that HepG2 and 

HepaRG can be used [29]. 

NONE of the eleven ”new” additional genotoxicity studies, which focus solely on the 

effects of a formulation (MON 52276) and on the effects of two specific metabolites, address 

these important issues. It is notable that the main basis of EFSA’s evaluation are the studies with 

the active substance GLY, that were used already in the last assessment. 

The effects of MON 52276 were studied in two micronucleus assays with human 

lymphocytes in vitro. These cells do NOT possess drug metabolizing enzymes (as do liver-

derived cells). The assay reflects structural and chromosomal aberrations which lead to formation 

of micronuclei. Already in the evaluation of 2015, several studies were included in which 

metabolically incompetent cell lines were used (two studies with lymphocytes, two studies with 

Chinese hamster cells) to analyze chromosomal aberrations formation. Several other MON 

formulations were evaluated in 2015 (i.e. MON 2139, MON 14445, MON 8080, MON 

2139S.380 (Rodeo) and MON 0818 in the Salmonella/microsome assays and MON 0818 in an 

MN test with mice). Since the MN assay detects also structural and chromosomal aberration, the 

results of the new in vitro micronucleus studies with human lymphocytes DO NOT 

CONTRIBUTE NEW SUBSTANTIAL INFORMATION concerning the genotoxic properties 

of GLY. It was shown that the “detection spectra” of chromosomal aberration and micronucleus 

experiments in vitro is very similar [49]. According to the newest OECD-guidelines for 

micronucleus studies [29], also metabolically competent human-derived liver cells (HepG2 and 

HepRG) can be used in micronucleus studies and it is unclear why no such experiments were 

realized and why they are not included in the re-evaluation.  
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A further study was performed with the MON 52276 formulation with the Salmonella/

microsome assay. Negative results were obtained in this procedure with metabolically 

incompetent bacteria. Notably, several other MON formulations have been tested earlier with 

negative results in five bacterial studies and one in vivo MN test with mice was performed; the 

results are included in EFSA the evaluation from 2015. Therefore, the new studies using MON 

52276 formulation with Salmonella/microsome assay also DO NOT CONTRIBUTE 

SUBSTANTIAL NEW INFORMATION.  

The two metabolites of GLY for which genototoxicity data are included in the re-evaluation 

are N-acetyl AMPA and N-acetyl glyphosate. Conventional and genetically modified (GM) crops 

which contain the CP4-EPSPS gene (from the Agrobacterium sp.) and the glyphosate 

oxidoreductase gene (GOX) show a similar metabolic pattern which consists mainly of the parent 

compound and AMPA [50]. In some crops the glyphosate-N-acetyltransferase (GAT) gene was 

introduced, e.g. in maize and soybeans [50]. In these plants the major metabolic pathway is 

different. The GAT enzyme inactivates GLY by converting it to N-acetyl glyphosate, making N-

acetyl glyphosate the main metabolite in these plant commodities. N-acetyl glyphosate is 

degraded further to N-acetyl AMPA and AMPA [51, 52].  

All test systems in which the metabolites were studied are MORE THAN 30 YEARS 

OLD. All in vitro experiments were conducted with metabolically incompetent cells that require 

addition of exogenous activation mix. No experiments with human-derived liver cells were 

included (the relevance is described in first paragraph of this chapter). Furthermore, two bone 

marrow MN studies were performed with the metabolites. No experiments were performed in 

which effects were studied in other inner organs. As described above, the sensitivity of the 

micronucleus test for the detection of carcinogens is very low and 11 micronucleus studies with 
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GLY itself are included in the earlier assessment from 2015. Therefore, the realization of these 

studies does not provide substantial new information regarding the genotoxic properties of the 

parent compound. It is notable that the parent compound, GLY, is not converted completely to the 

respective metabolites in GMO plants. For example, 22.7% of GLY was detected in soya beans 

with the GAT gene [50].  
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4. Conclusions 

• The quality of the 11 new studies which were used in the re-evaluation is as follows: 2 are 

in full agreement with the current guidelines and are RELIABLE, 6 are in partial in 

agreement with the current guidelines and are PARTLY RELIABLE, 3 studies are NOT 

RELIABLE.  

• The results which were obtained with a specific formulation MON 52276 show that it 

does not cause mutagenicity in genotoxicity tests with metabolically incompetent cells 

and bacteria. These results confirm earlier data which found negative results with GLY 

and several other MON formulations in chromosomal aberration tests and Salmonella/

microsome assays. THE FINDINGS DO NOT PROVIDE SUBSTANTIAL NEW 

INFORMATION concerning the genotoxic properties of the parent compound.  

• The results which were obtained with two specific metabolites (N-acetyl glyphosate and 

N-acetyl AMPA) in conventional (more than 30 years old) test systems showed that these 

metabolites are negative in these test systems. These metabolites are only found in 

specific genetically modified plants which possess other gene for a specific enzyme 

(GAT) but are not relevant for non-genetically modified plants as well as for genetically 

modified crops (containing other genes). The results do NOT provide information about 

the genotoxic properties of the parent compound itself. 

• The most important knowledge gaps are not addressed in the re-evaluation. They concern 

the questions if GLY causes DNA-damage in metabolically competent human-derived 

liver cells and in inner organs of rodents other than the bone marrow. Studies which have 

been published in scientific journals indicate that this is the case.  
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