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Si11gleton Park. Sw:int;H w,·ntli'I P~rc Singletr,,n, 

Dr Mark A Martens 
T oxir.nlngy Director 
Monsanto Europe 

REDACTED 

Pare Scientifi~uc Fleming 

1-~~•rfii•i•■ . ri•• ju ,ouvain-1.a-Neuve 
Dclgium 

Dear Dr MtutM~ 

11 fcbnwy 1999 

You will .Ciud em;losed my cvAluorion of the four pRpr.r~ ynu provided 
concerning tht= i,vtential genotoxicity of glyphosate and Roundup. Althouib each of Liu: 
papen 1 .. ve wCAknesacs, I h11ve avoided a report which attempts to tocus upun these 
weawiesscs. Rather, I have attempted to "pull rn1t" the dau which provide an aid to the 
wldcrstandins of the potential mechanism~ nf glyphosate genutoJ1foity and iodic:atcd how 
you might clarify these mechanism~. It has been my expma1ce with Regulotory Agencies 
that o positive attitude to pllhli~ed data is a more pnxlucti~ approKh thon just criticising 
individual studies. 

I assume that you will lllready have in house data for come of the suggested 
experiments. In my vjew the u, vitro micronuclous work suggestf'.d would be the moSt 
productive way uf clarifying the question of mechanisms. J wnuld be happy to pruviu~ you 
with funher sug~on.s cu to detailed protocol, for ~11ch !ttlldies. They wuulJ make a 
nallig· nice Ph.D projcot for a graduate studeiu if you could find me fuuWJ1g. 

I hdve enclosed my invoice for the evaluation. 

Yours sill".ercly 

c\~~~ 
P1vfe~rJamcs M. Parry 
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Curriculum Vitae 

James M. Parry, 

B.S~. Botany (London), Ph.D. Geneti1:s (Livttpoo1), D.Sc. (Liverpool). 

Dale of Birth: 9.10.19'10. 

Professor of Genetics, School of Biologic11I Sciences. 

University of Wales Swansea, 

SWi,leton Park, Swansc4, SA2 IPP, Wales, Lr.I(. 

C.hainnan: Genetics 111d Microbiology Teaching Board 

Chitirman: Molecular Bioto,;y Research Group 

Chairml'n: Centre for Muh:\;ular Genetics and Toxicology 

Tel: 

Fax: 

e-mail: 

t Jniversity of Wales Sw1nsca. Swansea, SA2 8PP 

REDACTED 

REDACTED 

JM.P@Swan~ca.ac. ulc 

Teaching Experience 

Gcncrfll Gtnetics, Human Genetics, Molecular and Microbial Genetics, Basic: 
Toxicology, Environmental and Aquatic Tnxicoloe)'. 

llaearcb lntercau 

Mecluu&is111s for maintaining the fidelity of the genome. rote of environmwUsl chemicals 
in the inclw;tion of genetic changes leading to the fonnatfon of binh defects aud cancer. 
Mechmi~s of action of chemicals leadins to the di~turbances in clnomosomc 
segregation 111d to chromosome aneuploidy. Mechanwns of formation of DNA lcsioru 
and base seqwmce changes in vitro a.nd in vivo. Uttletic effect of envfro.wnental 
chemicals upun IUluatic species. 

k.esr.lV'Ch LaboratOIY is )-wl'cd by four senior research assistants, twelve graduate studmls 
And three technicians. 
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The Laboratory currently coorctinatcs the Europc:an Union Research Project on the 
"Mcchorusms of Chemically indttud 11neuploidy" and wllaboratcs in the European Union 
Projects on "Neurotoxicity of Mercury r.nmpounds" and "Slate of the art methods for 
detecting chemical carcinogens". The LabnrAtnry also receivi:s 1esearch support from the 
Medical Research Council, Health and Safety Executive, MinislJ.y of Agriculture Food 
and Fuhcrics and a variety of Phannaceuticid and Chemical Companies. Author of over 
200 scientific papers and articles. 

Public Activities 

Pn:sidcnt: 

Vice-President: 

Prcsiwmt: 

Editor: 

Member: 

Memher: 

Membt".r: 

Chairman: 

Member: 

Member: 

Member: 

Member: 

UK Environmental Mutagen Socir.ty 1974-1977 

European Environmental Mutagen Snciety 1993-1995. 

Curopcan Environmental Mutasen Socir.ty I 99j-1997. 

the Scientific Joumnl "Mutagenesis" 

EJ.itocial I3oard "Mutation Research" 

Advisol'y Board, Small Arca Statistics Unit, St. M11.1y·~ Hospital 
Londun. 

Advisory Buacd. Department of Health T oxicoJogy T Tnit, 
Hammersmith Hospital, London. 

Department of Health Advisory Committee on the Mutagemcity of 
Chemicals. 

DepRnment of Health Advisory Committee of the Carcinogeniety 
of Chemic11.ls. 

1994-1~7 Workina Party.of Cu1wnittcc on Medical Aspects of 
Food on "Cancer and the Diet". 

Medical and Toxjcolngy Panel of UK Scientific Committee on 
Pesticides. 

Ad-hoc Consultancy· Group to Co0lll1ission of European 
Communities Committee . on "Plant PruLc:ction rroducts" 
(Pesticides). 

Th~sc: public duties particularly relate to my intcresti. and expertise in tht evaluation of 
the wauds and risks of environmental chemicals upon the human population and upon 
enviioIW1c11tal species. 
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l!:vatnatfon of pottnlial genotoxicity of Glyphosate and Rounrl up Ma1ures 

Proft:ssul' J. M. Parry, Centre for Molecular Gent.tic'- and Toxtcololly. S1.:hool of Diological 

Sciences, University of Wales Sw:m~a. Swansea SA2 8PP. 

Individual Ev~lu:.tton of PubUcadum 

Rank et Ill (1993) 

Test Mdhods Used 

Salmonella Assoy T A98 and TA100 

Roundup mixture re~ted - positive mlnw. S9 i.11 TA98, positive plus S9 in TAlOO. 

MonM- Mlcronucteus Bout Marrow Aasay - spont1neous frequency 0.3% i.e . 3 per 1000. 

Roundup ruiAlw·e • no effect up to 200mg/kg - only sample'(! at 4~ hrs. 

Glyphosatc isopropylamine salt - no effoct np to 200ma/ki, only 1 uusc voint gAvc reduction 

in PCE/NCE ratio - t."r other concentrations lhc1c was no evidence thllt compounds reached 

bone mmow. 

AUlum et:pa Root Cytocenctics 

Roundup mixture positive response gre,iter than 720µ.e /litre • 1,;llaractcriscd a:a spindle 

disturbance. 

c ilyphosate isopropylauWJt salt - oo effect. 

Condusiuu 

· I" Yilro ~vid~oc, of geDQto~ic effer;i fQr R.o11i,c111r mi~ture. ina4cqu~t.r:: i11 vi'llo snid.i~s. 

Kolopal It al (1997) 

Test Metbod9 u~ed 

Mouse Mlaonucleus Bone Marrow Assoy - spontaneous frt.qnency o.on,o t.c. 0.75 vcr 

1000. 

Roundup Mixture - positive rcspon~ at 45Qma/ki (muluvle dosini). 

Glyphosare - rmsitive response al _300mg/kg. (multiple dosing). 

MONGLY01312097 
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Reduction in PCE/NCE ratio• clt.i1r evidence that compuuuds reached the bone mtUTow. 

Sister Chromatid E:rcbange. in Human Lympliocyte.s in Yitro 

Roundup M1xture - positive rtspuusc at lOOµg/ml. 

Giyphosate • pv:;itivc response it lOOOl'g/ml. 

DNA damace - alkaline elution io liver anct kidney 

Roundup Mixrure - increa~ in sinale straI¥1 breaks in both liver rind kidney .at 4 hrs 

following 30llmg/kg. 

Glyphosare - im.:11:ase in single stro.nd brew in both liver anrl kidney at 4 hrs rouowinl( 

300,ug/kg. 

Induction of 8-0HdG iD liver and kidney as OM:~ure of oudative damage 

Roundup Mix.n1re - increase ln 8-0HuG in both liver and°kidney. 

Glyphosate • lncrca~ in 8-0IIdG in liver only. 

Nule. Glyphosatc induced a quantitatively grf'~ter increase 1n 8-0HdO iu li vt r than Roundup 

mixture. 

Conclusion 

.,o~itive response in vitro SCE for_ both compounds, response at 10 tiooe.c: tower concentration 

for Ruuudup mixture. 

DOth Olyphosate and Roundup mi1nire produced positive 1-cSponsc in mouse bone ID3rfow 

micronucleus as11ay . 

Both <ilyphosate and. Row11Juv mb(ture produced increase in DNA s~nt1 hrcales in mouse 

liver and ki~y. 

Glyµhosphatc increased 8-0HdG in mou~ Jivcr. 

Roundup mi.-<ture increisect ~-OHd.G lo mouse: liver and kidney. 

MONGLY01312098 
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Peluso ,., al (1998) 

Test Method Used 

J,p post-labelli.ng in mouse liver au'1 J..idncyl. 

t<nundup Mixnm: • iucrcuc in unchnrncterised DNA adducts in. liver and Jddncy aL 

c.:ouc.:cmrations of 400, SOO dild 600mg/kg. 

Glyphos:ite isopropylammoninm salt - no increase u1 DNA adducts in liver and kidney at 

concentrations of 130 and 270tng/k~. 

Nnt.f!. No evidence of t.h~ semitivity of the 32P oss:iy in the authors hands 1~ provided in the 

papcl'. 

Conclusion 

Roundup Mixrure x,roduced increase in DNA adducts in mouse liver :ind kidney. 

No increase produced by Olypboate at concenno.tions calculated to roughly equate with 

cum:cuuatioos in Roundup Mixture. 

l..oi tr al (1998) 

Test System Used 

Induction of chromosome lltlJetTatiom and SCE in bovine lymphocytes in vilrn 

Glyphosa.re - uusc-dcpcndcnt increase in chromatid aberrsrion~ 17 to 170µM solutions, Josc

uepcndent dccrco.se in mitotic index. 

Glyphosate - increase in st~rer chromatld cxctuu~c 17 to 170µM solutions. 

GQ»D adivity :IA measure or oxld;di ¥C stress 

Glyphosate. IJ¥;IQx in 06PD activity following exposure to 17 to t70µM solutions. 

GlyplJ05atc + anti-oxid4nl N-acetyl-c:ysteine - increa.~ in G6PD redu~ ill prt5CDCC of anti

oxidant. 

Note. Struch1re activity relatlonswp l,etw"n Glyphosnte used and is:opropybm.mnnium salt 

MONGLY01312099 
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Increase in chromatld aberratioJI) of SCE following Glyphosat.e exposure. 

rncreasc In G6PD activity following Glyphosate exposure. 

Imaease in G6PD redu~ by presence of iinri-oxidant. 

Chcmicol preparations testt.11 in the 4 papers 

Glypbosate 

Knlogncsl er al (1997), Loi et al (1998) 

Glvphosate isopropylunmonium SAit 

Peluso ct al (1998), Rank et nl (1993) 

Roundup Mixture 

30.4% - Peluso er al (1998), Bologncsi et al (1997). 

48% - Raul er al (1993) 

Source of chcmieals 

Glyphosate • Soc. I~. Chem. Ruu1c - Bologncsi et al (1997), Peluso tr al 

(1998). 

Roundup Mixture -

Lab. Sen·. An.al. Bologna - Loi P.t nl (1998) . 

Dr. Ehrenstortf'.r - Rank er al (1993). 

Mon.~ntll, Italy - Peluso ti al (1998), Bolognesi et al (1997). 

Monsaruo. USA - Rank d al (1993) . 

MONGL Y01312100 
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Cu1ua,ari_son of results ob~wned in the ealysis of the effects of Glyphosatc and Roundup 

Mixture 

Concordant Mmllt11 

M(')USC Mlcrouudc~ Assay • Positive for both. 

SCE i11 vitro human lymphocyte, • Both positivP., Koundup more potent. 

DNA strand breaks • PositivP. with both. 

Non-Concordant Results 

Allium Cytoienctics • Po5itivc only with Roundup Mi."tture. 

Roundup positive in kidney. non-significant inc.:re~ Ul liver. 

Gtyrho~ate positive only ll1 livc1 . 

np.postlabelliue - Roundup 1,11:,sjtivc in liver and kidney. 

Glyphosate_ negative. 

Conclu~uJJs 
. .__ 

Roundup mi."tture induct.ii t~m~hift mutations in Sal11w11ella typhimurium T A98/in 

the absence of S~ mi-x . Roundup mixture: iJ1'lu~ base subrumtion muc:itions in Salmon~lla 

ryphimurium TAlOO in the p~::;c11CC of S9 mix. 

lllesc: uc1U& appear to be in DlLlrked contnst with otht.r puhli~hed stu4ies (Shirieiu ct 

ul 1982, Wildeman and Nazar 1982, Ll and I .nng 1988. 

a) Olyphosate induce~ a dose-depcnucul U1Crcuc in chromntid aberrations in vitro in 

bovine lymphocytes uvc:1· a concentration mnge of 17 to 170µM solnrion . 

b) Slsu:r i;l.u'olll4tid c:xc;hnnges ioduc:ed in human lymr,hocyccs by both Glyphusate and 

Roundup mixture. Roundup mixture produced a positive: result at lower 

concentration~. 

MONGL Y01312101 
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c) In Allium root tips positive re~nlt produced by Rou11llu11 mixture, no response with 

Glypbosace. Yrr.dominant aberratio1.1~ w~re indicative of spindle damage. 

d) Measurements of 1l1c it.,;tivity of C6rD suggests that Glyphosate inr.reases activlcy 

lncllcatiu)( oxidative st~ss. This modification of G6!'.I > ,1ctiVitY was reduct:tl iu lhc: 

presence of the anti-oxidant N-ac.etyl-cy~teinc. 

In •·ivo Studies 

Both. filyr,hosat.e and Ruu1wup mixture produced 11 positive result in the mo11~ hone 

milTTOW mlcronuclc:~ iUHY (Dologncsi et al 1997). The positive rP.i;ult.'- were in contrast 

witl1 the ~gativc results of R.ank et al (1993). 111P. r,n~itive study had a clc:ar Jemonstration 

of bone marrow toxicity and involved multiple du~iux (2 do5C$) with the test agents in 

. 
contrast _to a sinfle dosiJl& used by Rll.1111. tt al (1993). 

·rhe <1ata or Bolul.(ue:,.i et al (1997) indicilte that Glyphosate is a prnhahle in vivo 

aenotoxin. Howc:-vcr, ~ 3tudy of Bolognesi ,, al {19!-17) involved only 3 or 4 auuuab at 

each sampling time and dose poi.ct aru1 cannot be considen:d lv be of OCCD guideline 

sta.ndard. The frequency of micronuclci in the: 1,;ontrol culture in the Bolognesi tr al (1997) 

_study was sub~rantialty lower dw1 lwll of the Rank tr al (1993) study. 

Both Glypbosaie and Roundup induced significant inc.reasr.~ in DNA strand breaks i.u 

wuu~ liver and kidney. Roundup mixture increased 8-0HdG in moU5c liver and kidney. 

Glyphosiue increased 8-0HdO in mouse Uvcr. TI11;~ data indicate that Glyphosate produces 

oxidative damage in vivo which )caw; lu ~wale strand breaks ~nd 8-0HdG lesions in t.XJ!Ostd 

tissue.t The unique positive n:sult in mouse kidney with Roundur mixture SUii.CSts a 

synerai~"lic effect of some component of the mixture . 

The np postla.belling study of l'elu~ et al (1998) indicates that R~up i& capable 

of inducing D.NA adctnct~ (uncbaracter~) in mouse liver 4nd kidney. GlyphosatP. illone, 

MONGLY01312102 
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at cquiv~ent concentration.( to that tn Roumlu_p, failed to increase adducts . These clar:t 

provide some evidence to support we concept that any in vil'o activity of GlYJ'ho~hate may 

be porcntiated by othc:r componcnu of the Roundup mixture. 

The: ov~rall data provided by the four puhlications provide cv idencc to support a 

wodcl that Glypbo~te is capable nf r,r0<1uctne genutoA.icity both in vfro .and in vitro by a 

mecbwm based upon the pro<luctton uf o~dativc dAmage. If confirmed, such a mechanism 

of geDt.flc damaae would Ix: expected to be produced at high conr~ntrations or the h'1"bicidc 

and would be: J'Clevant only when the anti-oxidant protective mechanill1us of the cell ore 

uvc1-whclmcd. Thus, I would conclude that if the mcclllWism of action can be proved to be 

based upon oxidative c1~magc then bazanl ¥ltd ri5k aMCssment could be based upon a non• 

linear model with a thrc:shold of activity at low doses . 

Questions raised by the studies 

1) Role of componerus of mixmre which leam tu bi)Ul levels of activi~ of Roundup? 

2) I, the gcnotox.ir. activity obscrv&:tl Jue to o,ddativc dAm:lgc'? 

3) Can the genolul.k activity be redu~ by anti-oxidant~·, 

Recomm.:ndatlom ror further work to clarify the poteotbll eeuotoldc activity of 

Gbphosate 

Bacteria 

l recommend a rq>c:.tt of Salmonella srudies panicularly with Rouooup DUAlu.rc~. I 

would be surpru;cd if these dat4 are not already availahle in-house. 

Cyto11:11&:lits 

I recommend an in vitrn micronucl~ slu'1y pICfcrably in human lyro.phoc.yte~. If 

combined with aru1Jy~s of the mi,ruuuclci for the presence and ab~.nc-P. of centtomcric DNA 

this smdy would indi1.:ate whether Glypbosate induces pmtomtnantly chruwusomc s~turol 

MONGLY01312103 
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or numerical damage. 

The in vitro micronucleus lt~say would allow both:-

a) The assessmc:nt. uf chc potential influence of anti-oxidant.c upon the Renotoxil: puleutial 

of Glypbo5atc - Note the measurement of the effect of anli-uA.idant as a genetic: 

endpoint is a critical deficil'!ncy in the Loi er ul (1998) study. 

b) As$essment ot the individual cuu1µoncllt$ of the Roundup Mixture to detennine 

whether there is any 1,;omponcnt(,) which ac:t synergistically rn increase the pou:miitl 

aenotoAlcicy of Glyphosote. Such studies c.oul'1 he destaned to in"c:~Liga~ a panel of 

mixtures l~ving out one component of the mix fur each individual experiment. 

In yfro studies 

/' \j 

,(/7 
In view of the limitation~ vf the Dolgncsi ct al (1977) study i.e . 

llmitw uwuber of animals 

single dose of compound 

low spontalll\nll!. micronucleus frcqucm;y 

/'1) it would be worth rcpeatina tbc ~cudy to a more comprehensive desi.fn. 

To repeat both the DNA suQJld breaks and ad<111ct work would rc:14w.rc very large 

compn:ltc:nsivc studies to dctennine the Nn1re of the autlu~ts and the potential role of 

oxidative dnm~ge in their indu~inn. I would recouuuend that the in vitro studies should r:11ce 

priority as they wouJd provide valuable information relevant to the design of any In vivu 

.J 
"-Y' 
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