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What is P,:tr3quat? 

... • ~ 0 • ; : I) • ;. .. ' ;. • 

Paraquat 

1, 1-dimethyl-4-4-blpyrldlnlum Ion 

herbicide. 
Molecule first described in 1882, 

but herbicidal properties not 

discovered until 1955 by ICI. 

Became commercially available in 1962 following experimental use in 
Malaysian rubber plantations (1959) as a replacement for sodium arsenite. 

Dichloride salt formulation - many trade names, Gramoxone. 

Found in some OTC herbicide treatments (Pathc/ear & Weedol). 

Very safe if used correctly - rapidly deactivates on contact with the soil, and 
does not leach into ground water. 

Syngenta's No.2 selling product ($360 million in 2003). 

CONADEHTW.• PARAQUAT UTIQATION SYNG-P0-<IO<ll3320 

Paraquat & Parkinson's Disease 
Runninq Order ot P:·esc11tat1ons 

. - - - . . 

Introduction to PQ & PD: 

In vivo studies with PQ: 

In vitro studies comparing 
PQ with MPTP / MPP+: 

Summary comments: 

Nick Sturgess 

Louise Marks 

Alison Foster 

Nick Sturgess 
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P~rk1nson·s Disease - \./\!hat is 1P 

. , -
• Parkinson's disease is a neurodegenerative disease caused by 

dopamine deficiency In the striatum, and loss of dopaminergic neurones 
in the substantia nigra. 

• Symptoms include tremors, muscle rigidity, involuntary movements and 
postural changes. 

• Affects approximately 1.8% of the elder1y population >65 years 
equates to 1.5 million people in the US. 

• Mean age for onset of symptoms is typically between 60-65 years old, 
and only 5% of Parkinson's patients develop symptoms before age 40. 

• No clear genetic component to idiopathic Parkinson's disease, exoept in 
some cases of early-onset. 

• "Environmental factors' may play a role in the aetiology of the disease? 

U'9 
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Exposure to toxins 

• Pesticides ~ 
• ConsumpUon of well water 

Cigarette smoking 
/ • Nicotine effeels? 

(nlcolinlc raceptOIS) 

• Pollution from Industrial 

plants _ Coffee drinking 
• Diet - consumption of > 7 

portions of tropical fruit daily 
• Caffeine effects? 

(adenosine A. antagonbt) 

Trauma 

• Head Injury (boxing) 

Infection 
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(;ENETICS •1Hi PD. RESE/-1,RO' PCii\lTS 
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y ' ' 
M.D., The Parkinson's Institute, Sunnyvale, California, a 
National Parkinson Foundation Center of Excellence 
For 150 ye.,.., lhe<e has been an ongoing - In the soentific c:orrmunity on lhe 
cause of Pa.1<inson's diae-. Bolh environmental factors and lmerllance _,, earty 
ouipeds •• causes. OUr ciicol,ery In lhe earty 1"'§8os lh8t lhe chemical MPTP (I• 
rnalh),t. +l)hen)I. 1,2.3,6-1~) co!Ml aeate parldnsonlsm suppo,1eO Iha 
view lhol environmental fac:loB we"' pen,mounl. RecenHy. the ldenti!u1icn ol sewral 
mutations that are known to be eeutb of dlseaoe In specific lamllos has IUpportod lho 
genetic l.'!ewpotm. 

Thanks to !he a,mpletion ol the World Wit II Veteran Twins Study on lhe etiology of 
Pa,t,;inson'sdiseese (pct,lilhed In lho Jenoa,y 27. 1999 Issue of the JOUffil>ldtha 
American M6diclll Associalion). we can say f'O< Iha first twne wi1h oonfidenCe thel 
environmonlal factors are the mosl mrrvnon cause of disease in iypk;al onset" patients 
(!hose diagnosed afier 50 ye8tS of•>· N. the oame lime, ou, ,.,,utts confirm that 
genellc ladors a,e the cause of disease In most 'young onser patients (those 
diagnosed prior to age 50). The road we followed to obtain tile••,.,. ... has been e 
long one, inllOMng contoeling 19,842 of tho \19let8n twins. but the jot.mey has been 
-1hwhll• since Ille SUlyCINl1y dldngushet tho condlllOns under lOHcll genetic or 
enwom,ental !actors ,wuld apply to onse1 of Ille disease. 
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\/Vhy have r}e:;tic1dr,s been 1S"'1)r;i;Jlcc: with 
: - ~ ~ ! . : . 1 .. 1. ... n • s d {.;,,. ,-: ; "· 

•• : .. ·i· V:.: 0;. ~ .. , • .. :,·,:'; , .. ' 
study investigating the role of pesticides in PD. Regi• 
prevalence of PD in Canada non-uniform. 

- correlated with areas of pesticide use. 

• Other workers followed this lead - further epidemiology 
studies - found prevalence of PD correlated with industrial 
areas and logging regions. 

• Tanner et. al., (1999) epidemiological study revealed no 
overall difference in concordance for PD between non
identical and identical twins. 

• Data were interpreted as evidence that genetic factors do 
not play a major role in PD aetiology, thus focusing 
attention back onto environmental factors. 

CONFlOENTIAL. PA~OUA.1 LITIGATION SVNG-PQ.()()<9l323 

Why has p,1r~qt1.1t bPen ass,:ciati:d with 
:',1rk 1,,~,(Ji 1·£ d1•;(-iL .. ,1'.., 

Paraqua 

Hydrophilic, charged di
cation 

- . 
MPTP 

o-o-CH 3 

Monoamine. uncharged 
lipophilic molecule 

MPP• 

o-o~CH 3 
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Conversion of MPPP to MPTP and MPP' 

.,,.---.. Mtpetlclfne MPPP 1-moth)'l-4-pheni,i-g ¢.O.CH,-CH, g pn,plonoxypiperidlne 

II 
O-C-CH,-CH, 

I 

'il 

I 

0 

CH, CH, 

l Low pH 
High Teffl)erWhKe 

MPP. MPDP+ MPTP g g g 1-methi,i-4-phen)l-1,2,3,6-

1-melhyt-4-pyrtdlum MAOB MAOB telRlhydropyridlne -
~fl N 

I I 
CH, CH, CH, 
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Paraquat 

1, 1-dimethyl-4-4-bipyridinium ion 

Paraquat is unlikely to be neurotoxic owing to the fact that it has 

a chemical structure and physical properties (charged, polar 

molecule) which mean it will not readily cross the blood brain 
barrier (BBB). 

In addition it has a non-metabolised, diamine structure, which 

mean it will not be a substrate for neuronal monoamine transport 

~ys ems in the CNS. w, 
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Mr:::irp Mecha111sn1 of Toxicity 

V •• ~ I - •• I Y•. 

g 

Astrocyteg g I ,. I ,. - -MAO-B V V I 
~ ~-

N N N 

~... &, ~ ... 
MPTP MPDP• MPP+ 

Blood Brain L----------jL-----' 

Barrier 

Dopaminergic neurone 
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Does Paraquat cross the BBB and cause 
neurotox1c1t 1 ? 

I • • • • ! • • I .. r 

paraquat (PQ), involving oral or dietary administration to 
rats and dogs, have shown no signs of neurotoxicity or 
neuropathological changes indicative of neurotoxicity. 

• Oral dosing of paraquat to rats at 5 mg/kg/day for 14 days 
(Widdowson et. al., 1996) produced no evidence of 
neuronal damage (including the nigrostriatal region), or 
behavioural changes indicative of neurotoxicity. 

• [
14C]-PQ dosing studies with rats and mice reveal very little 
PQ (<0.05% of total dose) gets into the brain as we predict. 

• Concluded that in the rat & dog (primary toxicology 
species), there was no evidence to indicate that PQ is · · · · iWliin 

CONFIDENTIAL- PARAQUAT LITtGATION 6Y~i3320 



• Not a recent problem - issue arose 10 years ago! 

• Fredriksson et. al., (1993) Eriksson's group (Uppsala). 
Two oral doses of PQ (0.36 mg/kg at days 10 & 11) to 
young C11rBls mice. 

- behavioural effects observed at 60 days 

- corresponding reductions in striatal dopamine content 

• Syngenta funded follow up work conducted to see if 
findings were repeatable - no conclusive effects. 
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Recent ex":en,al presst 1tP'-~ CF1 paraquat 
quotin,J w1 "-., 1•,111h Parl<.1 , __ n1·1 ~~ d,::.ease 

-- - , -. . . pe 
PAN Europe 
To promote su,tolnoble olfernollvu, 
PAN Euro>pe c,....,dina!e1 and 1lre"91hen1 
octivi1ies of European NGO, 
odd1Hlln9 pHlklde problems, 

Open letter for an EU-wide paraquat ban 08/04103 
TCMThe,._WS...-'~w .. ol1he~'•~C~o,itMfoodGoiJIOf.tNIIIMilHitoilhhT .... tdlff 
e•~OC'l"...til10,:,c,,,,Mpta.l,.,OttC'lo,tpr~(Dhc1f••91/4l4/n(l-,..°"'' W'Nhll Socl"J to, Motv,. eon ... .,..,_ ($NF), (urop,IOl'l ln"4r-... ....... kNo\l ((SJ. rfftk:Mk Acfkw\ ...._~ .... IOjM 

(l'AN-11 
Oci1r. I A.pit 2003 .... ,.,.,,.,, 

Weo,e..,,lrkf.,_ i.w.,~.,.•or-twtMY<OM«nedob.-.,,tM-..-e~ .. ~--t..~porc,q..,otfjjl,t, 
,-.,.1,0Co,;nc11~91/414/f.tCOl*~-f'MVofh ~~Ol'IWfoodOo'°'oad~HtOMI 14-
I.SAp,11200). 
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Rec(:nt t it0ratt1re Oev~~lui1t11e--n,·s Of 
\. ,-: i1 c \-, rr

' 

·- . . . • . . .· 9 P P a senes..Q.! 
publications since 1999 implicating paraquat in a 
Parkinson's disease animal model -wor1< still on going. 

• Cory-Slechta group - Rutgers, NJ, (University of Rochester, NY). 
Di Monte group - Perkinson's Institute, Sunnyvele, CA. 

• Using the C5r8le mouse model and i.p. dosing of PQ (1-30 
mg/kg) - typically 3 weekly doses of 10 mg/kg. 

• Looking at three biological endpoints as markers of toxicity: 

neuropathological - loss of neurones from substantia nigra (stereology) 

neurochemical - loss of dopamine from the striatum 

CO>FIDENTIAI.. PA'IAQUAT LITIGATION 

Recent 1·xtc,rna! pressures 011 paraquat 
1jLl'Jtin~1 11,,:~~: 110.1 1tt1 Parl,,w~cJr' •; disease 

. ~ 

The Swedish government is suing the EU 
Commission 
The Swedish government decided today to sue the EU 
Commission for their decision to approve paraquat In 
pesticides with the EU. The decision was made by the 
commission last December. 

The suit means that the EU Court of Justice is trying the 
government's partition to nullify the commission's decision . 

6th Februery 2004 
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Recent exterria! pressures c,n paraquat 
quoi1nq linl~s vv1th P.1rkm~;o11'~~ dic-;easp 

-... Stockholm to seek ban on paraquat 
herbicides. 
By NICHOLAS GEORGE 

6 February 2004 
Financial Times 
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Research Activity a1 Sy11genta CTL 
in vivo Studios (Lou1•:;P. Mark,.;) 

• Repeat of published in vivo experiments with PQ alone 
being dosed to Cs1Bls mice. 

• Established in CTL the MPTP mouse model as a positive 
control - 10 daily doses of 20 mg/kg MPTP i.p. 

- 70% reduction in striatal dopamine 
- 30% reduction in TW neurones in the substantia nigra 

• 3 weekly doses of PQ (10 mg/kg i.p.) to Cs1Bls male mice 
with neurochemical (striatal dopamine levels) and 
neuropathological (TW neurone counts in the substantia 
nigra) end point markers. 

• Intend to seek peer review of our findings. 
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Rc,search Aclivity al Syngenta CTL 
St; c1tcqy Being r ollovvcd 

' ' -. - .. . .. . .. 
claims being made. Are the findings repeatable? 

• If findings are not reproducible, aim to publicly refute the 
claims in the literature by offering our own alternative 
experimental findings. 

• If findings are repeatable, Syngenta CTL generated data will 
be used to build a defensive position for PQ based on 
establishing a no effect dose (under various dosing 
regimens) in the C578ls mouse model, based on a biological 
endpoint - neuronal cell loss in the substantia nigra. 

• Avoided measuring PQ levels in the brain, since the 
detection of any PQ in the brain (no matter how small) 

• • . • •• • Wit.Up 
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Research Activity at Syngenta CTL 
1n vitro Studies (Alison Foster) 

• Does PQ behave in a similar way to MPTP and its 
metabolite, MPP•, as implied in some of the recent 
literature concerning paraquat and Parkinson's disease? 

• Investigated the potential for paraquat to interact with, 
and modulate, the nigrostriatal dopamine re-uptake system, 
and dopamine receptors in rat and mouse synaptosomes. 

• Demonstrates clear differences between PQ and the 
mechanism of action of MPTP. 

CONFIDENTIAL· PARAQUAT LITIGATION SYNG-PQ-00403337 
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( )plimi,:111011 ol 1l1t· \II' 11' \I odd ol l'.tt l,i11,011·, l>i,1·.t,1· 

• MPTP is a neurotoxic agent which produces effects similar to l'llrkinson's disease. 

• MPTP produces pathology similar to thal in PD and is a commonly used model of the 
disorder. 

J. striaflll dopamine 
J. tyrosine bydroxyla1e containing neurons In the substantia nlgra 
J, l0tomotor activity 

• Paraquat has been reported to be ncurotoxic following systemic administration m rats 
and mice. 

• Effects reported with paraquat are similar to those seen with MPTP. 

De,·cloping an MPTP model in CTL would allow invesrigation of11araqual 
ncurotoxkty when eomp»rcd lo a known oeurotoxic agent 

CONFIDENT IA'-· PARAQUAT UTIQATtON SYNG-P0-()()CG:t3-CO 

• The optimisation of our positive control model for dopamin, 
neurotoxicity-MPTP model 

• Data from two dosing studies investigating the effect of paraquat 
administration on the nigrostriatal system of the C57 black mouse 

CONFJOEHTV,.L • PARAQUAT LITIGATION 

Opti111i,:ilt111t of \II' 11' 111111ld- I 'IHTIIIH'lll.tl lh-,i:.:11 

! 

• • t : ~ • 

• 5 daily injections of20/22.5/25 tnglkg MPTP-HCI (n-3) 
• controls received oquw volumes of sterile saline 

• Animals continuously monitored for 2 hours post dosing for signs of M1'TP 
loxicity: 

- piloercction, increased salivation, increased lacrimation 
• incrcastd or dtcrtascd adh•it:y, trrmor, im·olunt&r) mo,·rmcnt, abnormal 
~ail rcsplrarory chan~es 

• 7 days aOer last MPTP dose, stria1al and cortical samples removed for HPLC 
analysis of: 

• Dopamine (DA) 
• 3,4,-dihydroxylphenyl aoetk add ( DOP AC) 

Homovanlllk odd (HV A) 
• 5-Hydroxytryplominc (S-HT) 

CONFtOE.NTlAL • PAAAOUA T LITIGATION SYNG,P0,()(),49",C.1 



'-11111111:in of \II' 11' 1>11,l' Opti111i,.1ti1111 '-tudil', 
I 

, . ......____._...__ ~ 

Study Dosing Route Total Well Reduction 
Regimen dose tolerated in striatal 

(dose DA 
received 

(target >50% mg/kg) 

XM7115 5x20 l.p. 100 Yes 47% 
mg/kg 

5x 25 i,p, 125 (75) No 50.5% 
mg/kg 

5 X 22.5 i.p 112.5(45) No 57.5% 
mg/kg 

XM7143 10 X 20 i.p. 200 Yes 52% 
mg/kg 

XM7190 10 X 20 i.p. 200 OK 66% 
mg/kg 
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• Mid/hindbrain blocks immersion fixed in 4% PAM, cyoprotected and processed for 
immunohistochemistry 

• 40µm coronal sections cut on freezing microtome 

• Free floating immunohistochemistry was carried oul using a tyrosine hydroxylase 
antibody (I :4000; Biogenesis) on sections containing s.nigra region 

• Staining was visualised using 3,3 '-diaminobenzidine- TH ' cells brown colour 

• Sections were counterstained using cresyl violet- nucleus purple colour This allowed 
easier identification of TH' dopaminergic neurons in SN pc 

• Sections adjacent to those used for TH s1aining were stained with cresyl violet for 1otal 
cell counts 

CONFIDENTIAL· PAAAOUAT LITIGAllON SYNG-P0-004G33-4• 

I 
< >pti111i,a1io11 of thl' '11' l'I' \I odd ol' 1'.1rki11,1111·, lliwa,t· 

• MPTP is a neurotoxic agent which produces effects similar to Parkinson's disease 

• MPTP produces pathology similar to that in PD and is a commonly used model of the 
disorder: 

J. striatal dopamine 
.J. tyrosine h)•droxi·lasc ton mining neurons in tht ~ubslanlin nigra 

• Paraquat has been reported to be neurotoxic following systemic administration in rats 
and mice 

• Effects reponed with paraquat are similar to those seen with MPTP: 

Developing an MPTP model in CTL would allow investigation of paraquat 
neurotoxicty when compared to a known neurotoxic agent 
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( ( I\ II 1[ I 1 t• I[, I (!II'- 11 I~ 1I111 I \ d h I'- l 1111"_\ 

- ----- -40 µme 

c 

C:= 
C: C, =::> 
c::- - :::, 
C:= ==> 
c:~~:::, 

+["] ..,,-·-1 .. L._, 

[j [] [] [] 

Counts neurons from a representative number of sections then uses mathematical 
reconslruction to acquire an estimate of the total number of cells in each animal 

2A11 Pl 
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I II Clll ( 1111111, - \ll'lh,,d, 

. . . 

•MoSl groups have used optical fractiona1or method of stereo logy to count TH • cells: 

• ... 1111hia,ed technique i11dependem of11e11r<Htal sl,ape or si:e or any conformationnl 
cha11Res in the 1issue . .. • 

• Method involves counting TH • neurons from 
a representstive number of sections (e.g.evcry 3rd 
sec1ion) throughout the SNpc region in each 
animal 

• Step 1- The pars compacta or S. nigra is identified 
at low magnification (XS) (Fig I) 

COMFICE.NTIAl-PAAJ..OUJ..T LITIGATK>N 

111 (di< ·111111h \ll'lhod, _, 

~ - ' ~ .. . . ~ 

• Step 3- Cells are counted from a IOµm thickness of the section (not including the 
top 2 µm) 

Cells visible initially 

Cell becomes visible as 
move through I Oµm thickness 

CONFIDENTIAL· PAAAOUAT UTIOATION 

• Step 2- A counting frame is superimposed onto s. nigra at 
XI 00 magnification and TH • neurons with a crcsyl violet 
stained nucleus are counted (Fig 2) 

• Cells lying beyond the frame or cells touching the 'forbidden 
boundary line are not included in the counts 

Forbidden Bouada.,..... 

COHFIDENTW. • PARAOUAl LITIGATION 

111 < di ( 01111h \il-thod, t 

. . . ' 

• Step 4 

From these counts, the optical fractiona1or method can be used to estimate the 
total number of TH• neurons in the par.; compacta of each animal: 

N= sum Q· x 1/tsf x 1/asf x 1/ssf 

\Vhere: 

tsf- thirkness umpling fraction 

asf- area .~ampling fr2ction 

ssf• sertion sampling fraction 

CONFIDENTIAL· PARAQUAT LITIGATION 



S1111h ,,1-l'JO-l·lhl'lol''ll'll'o11 Ill rdl1111111ht·ri11th 

Suh,tantia '\i~ra par, t·omparta 

.5 

I u 

" 
~ 
'o 
0 :z 0 

- . ~ . 

Control MPTP 

Da1a represents mean ± SEM. Saline control group received J weekly i.p. injections of Sterile 
saline, n=6; MPTP group received JO daily injection• of20mg/kg MPTP, n-7. Values analysed 
by one way ANOVA followed by Student's I-test. ••p<0.01 

CONFIDENTIAL-PARAQUAT LlTIG.A.TION SYNG-PQ.00483350 

l11H·,Iigaliu11 ul 1'.11.11p1.1I '\,·1111110\1, 1t1 I 'I" 11111,·111.tl lk,1g11 

- - . 
• 10 week old male c.,B1., mice received 3 weekly injections or 10 mg/kg PQ dichloride 

• Mice were killed 7 days after the final injcclion and brains removed on ice 

• Forebrain-s1riata removed for HPLC analysis of striatal DA and mctabolilcs 

• Mid/hindbrain-immersion fixed in 4% PAM and 40µm sections cul for TH IHC and 

for cresyl violet staining 

• The optical fractionator method of slereology was used to estimate the numbers of TH' 

and CV' neurons in the SNpc to determine whether PQ has the ability to reduce the 

number of dopaminergic neurons in the pars compacta 
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lfrd11l'tio11, i11 Tll rqiortl'd ,1 ith Paraquat 

I 

- - -
■ Thiruchelvam et al .. 2000-reported a 22% reduction in TH cell number with combined 

PQ + Mb (6 twice weekly injeclions of IOmg/kg PQ + 30mg/kg Mb) 

• McCormack et al .. 2002- reported a 32% reduction in TH cell number following 3 weekly 
injections of IOmg/kg PQ 

■ TI1iruchclvam et al .. 2002-around a 25% reduction in TH cell number following adult 
exposure 10 PQ 

• McCormack & DiMonle, 2003- reported a 25% reduction in TH cell number following 3 
weekly injections of l Omg/kg PQ 

• :XM7 l 90 produced s 30% r,duction in TH ctll number follo,.fog MPTP 
Mdministrution. Tbili hMs dcmunstrated that the sensitivity of the endpoint should be 
sufficient lo allow dtlerlion of any PQ induced ch~ngcs in TH cell number of the 
magnitude pre,•iously reported. 
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:\ ,1-:!:! 1>-l.lfrl'I of l'araq11at 011 thl' t·o11t·t·11trntio11 

ol "lrialal l>opa111111t· ,1111111, ml·taholifl•, 

- - . . ' -
200 mg/kg toial d~e MPTP 

Slight-moden>te 10>.icity. 

67% reduC'don in stri1tnl DA 

~O•>Jo t"eduction in 1)0PA(' 

30 1.1/o reduction in HVA 

DA tumover 153% control 

no change in S-HT 

No signs of toxicity 

No sig. reduction in s11ia1al DA, 

DOPAC' or HY A. 

No sig. chan~e in DA turnover 

CONF1DENTIA1.· PARAQUAT LITIGATION 

■ Saline eon1rol 

16-
■ 3 x IOmij/kyPQ 

Ii) I Ox 20mg/l<g MPTP 

DA DOPAC HVA 5HT 

Da1a represents mean i SEM. n-9saline comrol, PQ; n-6 MPTP. 

Data analy,ed by ANOVA followed by Stud..,t', 1-tess '" p< 0.001, 
0 p<0.005 
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",f11ch \ ,,-~~•) - I If«·! 111p.1,-;iq11,111111 111 n II 1111111lt,.,- 111 thl' 

"'-.11!1,t.11111.1 \1~1.1 p:11, 1.11111p.n1.1 

- , ~ ' - -
.., I~ ... ■Saline control 
~ ■ Parnquat 
.! 9000 rlMPTP 
~ 

" l: .. 8000 ., ,. 
+ 

t 7000 
C .. 
-8 6000 
E .. 
z 

Data r<prcscnts mean ¼ SEM. Saline control group rcc,ived 3 "-eekly i.p. injec1ions of Sterile 
saline. n•9; PQ group received 3 we<ldy injections of I Omglkg PQ dichloride, n•7; MPTP 
IITOO'P r=ivc.J 10 daily injeciions of 20mgll:g MPTP. n'<I. Values anal)'S<d by oue way 
ANOVA followed by Ncwman-Keulspost t~. "'p<0,001 ••p<0.01 
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..._11111\ \ \1-:!2'> - i-11,rt 111 p.1r.tqu,1I 1111 111 ,tntl ( \ n·ll 1111111hlt 111 

llll· ,11!,,1.11111:1 11ic:1.1 p.11, llllltp.ll l.t 

8. 9500 -TH• neuron. 

z - CJ· neurons 
"' " 8500 

i 
" 

7500 

> 6500 
~ 

~ 5500 

0 z 4500 

Control Paraqua1 MPTP 

Oma represents mean" SEM. Saline control group roo:ivcd 3 weekly i.p. injections ofS1crilc 
sali11c, n-9,8; PQ SJ'OOP rcc,ived 3 weekly injections of I OtntVl<g PQ dichloride, n•7 ,7; MPTP 
group received 10 daily injections of 20tnglkg MPTP, n-6,6. 
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'-Jud, \ \1-~~'I I 11,'l'I 111 p.ll':tq11.11 ,111 111 n·ll 11111111,, r 111 lht· 

'11h,1.111t1,1 '\1i~1 ,I p.11, ~.-,1111p,11.. t.1 

. . . -,; ~ 

10000 ---• ConlrOI 

It • " Paraquat 9000 f, z A MPTP .,, 

~ .Si 
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Saline control group received l weekly i.p. injections of sterile saline, n-9; PQ group received 3 \\eddy 
injections of IOtngll:g PQ dichloride, n•7; MPTP group received 10 daily injcctioos of20 mg/ky MP'l'P, 
n'"6. 
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DOPACorllVA 

No si1. chan~e in DA tumover 
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DA 
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~ 

DOPAC HVA 

Ii Saline 
■ Paraqual 
EilMPTP 

5-HT 

uata represem mean:: :St.M. :sa11ne comrot, n=v: KJ 01a11once. n~. 
MPTP, n-S, Dais analysed using one woy N>IOVA folloWe<l lly SIUdonrs 
l-tesl .-- p< 0.0001, •• P< 0.05 
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Data represents mean :I: SEM. Saline control group received 3 weekly i.p. injections of 
Sterile saline, n"'9; PQ group received 3 weekly injections of 10mglkg PQ dichloride, n=8: 
MPTP group received 10 daily injections of 20mglkg MPTP, n=9. Values analysed by 

__ o,.n..,e,...way ANOVA followed by Newman-Keuls posl tesl •••p<0.001 

CONFIOENTlAL-PARAQUAT LITIGATION 
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+ :c 
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~ 
Control 

■ TH+ neurons 
■ CV+ neurons 

Paraquat MPTP 

Data represents mean :I: SEM. Saline control group received 3 weekly i.p. injeclions of 
Sterile saline, n=9,7; PQ group received 3 wecltly injections of 10 mg/kg PQ dichloride, 
n=8,8; MPTP group received JO daily injections of20mg/kg MPTP, n=9,8. 
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Data represents individual animal values. Seline control group received 3 weekly i.p. 
injections of sterile saline, n=9; PQ group received 3 weekly injeclions of 10 mg/kg PQ 
dichloride, n=8; ~ group received 10 daily injections of20mglkg MPTP, n=8. 
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Data represents individual animal values from studies XM7229 and XM72S8. Saline conirol group 
received 3 weekly i.p. injections of sterile saline, n•l 8; PQ group rcc,:ivcd 3 weekly injections of I 0 
mg/kg PQ dichloride, n•I S; MPTP group received IO daily injections of 20 mg/kg MYl"P, n-14 and 
one MPTP animal received 3 daily injections of 20 mg/kg MPTP ( L>). V.U U'9 

CONFIOENTIAL • PARAOUAl' LITIGATION S'r'NG-PO.Q041rJ361 



'11111111.111 .11111 ( 1111.-l11,i1111, 

p ' o produce 
the PQ induced neurotoxicily reported in the litenlure. 

• The two studies hive demonstrated • lack of PQ neorotoxicity in mice 

from two suppliers - suggests that subpopulation differences did not 

contribute to our initial lick of PQ induced toxicity. 

-1-
• Attempt to understand areas where ditlerences mny exist between our studies 

and the group5 reporting PQ toxicity. 

• Continue to investigate this reported toxicity- increase th~ frequency of dosing to 

determine whether this might induce chunges to the nigrostriatal system. 
• Addition ofa behavioural endpoint- measurement of locomotor activity. 

CONFIDENTIAL. PARA.au.Al LITIGAllON 

"ltHh \ ,,-,-, f Ill l 1 ,,1 P:11 ,1Cjll.l1 OIi l),q1 lllllllt' I 111 ltD\ l'I 

111 1l1e. ""111.1111111 

. . 

ti:!i:Jcontrol 
c:::J I x week PQ 

-2xwcck PQ 

Data rtpresents rnean ± SEM. Data analysed using one way ANOVA followed by Student's I-lest 
Control , n-8; I x week PQ animals received 3 weekly injcetions of 10 mg/kg pereqwu dichloride 
n•9, 2 • wee!< animals r~ved 10 mg/kg paraquat dichloride twice a week for 3 weeks, naS. 

OONFtDEHTIAl • PARAQUAT llTlGATION SVNG-PQ...,.0336< 

...,tu,h \ \J- ~-I • I lh l 1 ol P,11,14111.11 !Ill !lit· ( 011l t 1111 .1lro11 ol 

,111 11 ti f)1,p,111111n· .1110 1h \h 1.tl1, 1,1,, 
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w I 
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DA DOPAC AVA 
HT 

==--s-

~ Saline cont• 

0 Ix week P(, 

■ 2xwcckPQ 

D•t• represents mean :I: SD. Data analysed using one way ANOVA followed by Student's t-test, 
• p <0.0S. Control , n•8; l x week PQ animals received 3 weekly injections of 10 mg/kg 
paraqwil dichloride, n=9, 2 x w~k animals received 10 mg/kg paraquat dichloride twice e week 
for 3 weeks, n•S. 

CONF10ENTIAL • PARAQUAT LITtGATtON 

XM7371- Effect of pa1 aquat on TH cell nurnber 

1,1 t·ie SNpc 

. - ~ -

Saline Control PQ 1 xweek PQ 2 xweek 
11480 7239 8183 

9425 8336 9223 

11518 8498 10627 

12314 11406 9412 

11662 9969 10415 

11242 9240 9247 

12821 7366 11257 

12363 8791 10553 
9568 10426 

Mean: 

11578 :t 354 SEMI 8935 r434 SEMI 9927 r321 SEMI 
1001 SD 1303 SD (23% J.) 962 SD (1~% .!) 
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Data represents mean ± SEM. Saline control group received 3 weekly i.p. injections of 
S1erile saline, n~s; PQ I x week group received 3 weekly injec1ions of !0mglkg PQ 
dichloride, n-9; PQ 2 x week group received injections of 1 0mgllcg PQ dichloride 1wice 
weekly over 3 weeks, n-9. Values analysed by one way ANOVA followed by Newman
Keuls posl teS1 ... p<0.001 °p<0.0 I 
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Data represents mean± SD. Saline control group received 3 weekly i.p. injections of 
Sterile saline, 1F8; PQ I x week group received 3 weekly injections of I 0mgllcg PQ 
dichloride, n=9; PQ 2 x week group received injections of !0mgllcg PQ dichloride 1wice 
weekly over 3 weeks, 11"'9. Values analysed by one way ANOVA followed by Newman
Kculs post lesl. ••p<0.001 •p<0.01 
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CONFIDENTIAL- PARAQUAT LITIGATION 

SVNG,P0-00483$67 

SNr- SN ret1c:ularis 

CP-Cerebral peduncle 

nervt, the nucleus of the 
accessory op1ic.al UICI and 
the medial letMiscus 
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IM7258 - F~fc,,,i of p,11aquat c.111d l'v1PTP 011 TH' cell 
r,L11nbcr ,: ll,r .;:'.; ,::-:ntia 11,q,.: .i .1 .. ,rr·p,KtJ 

- : • • • • • • • • • t ., .. • 

12480 8882 6988 
11789 7966 7144 
11887 9437 9179 
11595 10360 8364 
12766 8468 8840 
11499 9746 8647 

13470 8916 7594 
10126 10231 7756 
12374 8392 7591 

Mean: 

11998 ± 314 SEMI 9155 ± 280 SEM / 8011 ± 258 SEM / 
942SD 840 SD (24% J.) n4 SD (33% J.) 

CONFIOENTtAl • PARAQUAT U~l!ON ~93372 
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Data represenls mean ± SEM. Saline control group received 3 weekly i.p. injections of 
sterile saline, n=9; PQ group received 3 weekly injections of JO mg/kg PQ dichloride, n=9; 
MPTP group received 10 daily injections of 20 mg/kg MPTP, n-9. Values analysed by 
one way ANOVA followed by Newman-Keuls post lest •••p<0.001 
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Xrv172S3 • Effc-, t rif pnr;iqu;,t and Mf"TP ')ll cv· cr!II 
11~dl'1'Jcr ·t 1 tl·~- t~: .. • -· ... ,nt, ~ n1qr.1 ,·, ·:--., ;-~r, 1q:1cta 

: - • • .... ~.l. , ..... 

17460 11638 9871 
16957 12551 8818 
14504 11240 8760 
14511 10452 9435 
17398 13506 12882 
16106 10841 14493 
17642 12118 11509 
12840 13569 10248 

13187 13301 
Mean: 

15927 i 628 SEMI 12122 :1: 387 SEMI 11035 ± 701 SEMI 
1777 SD 1160 SD (24% J.) 2102 SD (31% J.) 

CONFIDENTIAL• PARAQUAT LITIGATION 8VNG-PQ..004ns73 



' 

XM7258 - EffPct of p<11rHpIat a11rl MPTP 011 TH' & CV 

cc,!I nu:11hor 111 tt,e s1Jl)Sldnl1J 111:Jr,1 p:-.rc, cump.::clci 
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- cv· Control 

- 1lf Cootrol 
-CV'PQ 

-mPQ 
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Data represents mean± SEM. Saline control group received 3 weekly i.p. 
injections of sterile saline, n= 8 (CV), 9 (Tii); PQ group received 3 weekly 
injections of 10 mg/kg PQ dichloride, n-9; MPTP gmup received 10 daily 
injections of20 mg/kg MPTP, n=9. 

CONFIDENTIAL· PARAQUAT LITIGATION SVNG-PQ-0049337( 

The Effect of Paraquat on the Nigrostriatal 
Dopaminergic System in the Rat and Mouse 

An In Vitro Study 

CONFIDENTIAL• PARAQUAT LITIGATION SVNQ.PQ~UJJ76 

XV!/1:Pt) f--f fr, r t nf p.:1.1q1u\ Oil c:r·II lilli1lhl'r II' t hP sr•Jpc 

.. - .. - -
7Day 28 day 90 day 

Control PQ Control PQ Conlrol PQ 
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,.,,, .... ..,. ...,,,,.. .rJOt:219 -

Animals terminated 7, 28 or 90 day, after the final PQ fflj«rion. 

Daia represents mean :I: SEM. Control group rcc<ivcd 3 weekly injections of ,icrilc saline. n• 8 (7d). n"'9 (28d, 90d 

PQ group n:ceivcd 3 weekly injections of 10 mg/kg PQ dichloride, n=9 (7d. 28d), n=8 (90d). Dal& analysed using 

one way ANOVA followed byNewmen-Kculs post test," p <0.001, • p<0.01. 
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• Investigate the potential for paraquat to interact with, and 
modulate, the nigrostriatal pre-synaptic dopamine re-uptake 
system and post-synaptic dopamine receptors in rat and mouse 
synaptosomes. 

• Does paraquat behave in a similar way to MPTP (MPP•), as 
implied in some of the recent literature concerning paraquat and 
Parkinson's disease? 

• Compare the effects of paraquat with those of the "structurally 
related" compound MPTP, and its metabolite, MPP• in vitro. 

CONADENTIAL - PARAQUAT LITIGATION SYNG--PO~G3377 
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rged Paraquat 

CH,l<C)-0•· 

MPTP 

0-C>KH, 

. . . 
Polar (Water soluble) - poor BBB penneabllity 
Diamlne - unlikely to be e substrate for monoemine transporter 
Not Metabolised 
Does not inhibit complex 1 ETC in mitochondria 

Uncharged molecule 
llpophllllc 

Crosses the BBB 
etabotised 

Neurotoxic metabolite 
M Mono amine 

MPP· O-OCH, 

Does not cross BBB 

CONf10EtfT1A&.• PARAQUAT UTIGATION SYNG-P0-00403378 

• Striata from rats and mice were excised, homogenised and 
synaptosomes (fractions of broken nerve endings which represent 
pre-synaptic nerve terminals) isolated by differential 
centrifugation. 

• The synaptosomes were pre-incubated with test compound for 
30 min at 30 "C prior to the addition of [1H]-dopamine. 
After 8 minutes the reaction was terminated by rapid filtration 
using the Brandel Harvester. 

• The uptake of [3H]-dopamine into the synaptosomes retained on 
the filter was then determined by scintillation counting. 
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Rat IC,.., values 
GBR 12909 0.46 ± 0.15 nM 
MPP"' 0.51 ±0.04 µM 
PQ > I.OOOµM 
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Mouse JC.., values 

OBI\ 12'909 

MPP 

• hraqu.111 

GBR 12909 0.48±0.l6nM 
MPP"' 0.56 ± 0.16 µM 
l'Q > 1,000µM 

SVNG•P0-004Vnt1 
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• Measure the ability of an unlabeled compound (e.g. paraquat) to compete with a 

radiolabelled ligand which selectively binds to a given receptor. 

• Radioligands, selective for the dopamine transport system (DAT) and the dopamine D, 
and D, receptors, were used to determine the affinity of paraquat, MPTP and MPP• 
for these respective receptors. 

• Striata from rats and mice were excised, homogenised and then the membrane 
preparations were isolated by centrifugation prior to use in competitive binding assays. 

• The membranes were incubated with a fixed concentration of radiolabelled ligand, 
and a range of concentrations oftest compound, for I hour to reach equilibrium. 
The reaction was then terminated by rapid filtration using the Orandel I larvester, 
followed by several washes to remove any w,bound radiolabel and test compound. 

• The binding of the radioligand to the membrane receptors retained on the filters 
was then quantified by scintillation counting, and the binding affinity (K,) calculated. 
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SYNG-PQ-()0493382 
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D, receptor 0, receptor OAT 

K. K. K. 

Paraquat Rat >100µM >100 µM >100 µM 

Paraauat Mouse >100uM >100 uM >100 µM 
MPTP Rat >50µM 0.47 :t 0.09 µM >50µM 

MPTP Mousa >50uM 0.41 :t 0.09 uM >100 µM 
MPP' Rat >100µM >100 µM >100 µM 

MPP' Mousa >100 uM >100 µM >100 µM 
P05itive Controls Butactamol Remoxlpride GBR 12909 

Rat 7.2±2.9 nM 130 :!: 70 nM 4.3 :!: 1.7 nM 

Mouse 9.5 ±3.0nM 130 :I: 30 nM 5.0± 0.6nM 
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Rat K, values 
Remoxipride 130 ± 70 nM 
MPP• > IOOµM 
MPTP 0.47± 0.09 µM 
PQ > IOOµM 
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• Rnioxipridt 

• MPTP 

Mouse Ki values 
Remoxipnde 130: 30 nM 
MPP' > IOOµM 
MPTP 0.4 I ± 0.09 µM 
PQ > IOOµM 

SYNG-PQ-00403383 

' . . 

PQ may have apparent structural similarity to MPP• 
however: 

• PQ does not act as a substrate for the dopamine 
transporter (DAT) 

• PQ shows no binding affinity for DAT 

• PQ shows no binding affinity for the dopamine D1 
and D2 receptors 
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• f Parkinson s d1sea s ca y g p -. 
pesticides one might expect to see an increase in the 
incidence of the disease over the last 50 years. 

• Is the incidence of Parkinson's disease on the increase? 

• Incidence in EU and US is approximately 16 to 19 per 
100,000 per year. 

• Few studies investigating any change in incidence with time. 

• The Mayo Clinic database from Olmsted County, Minnesota 
has the world's oldest database on Parkinson's disease -
monitoring area residents since 1935. 

• It shows no long term trends in the incidence of Parkinson's 
disease. Therefore any influence pesticides may have 

CONFIOE:NTW.. PAA.AOUAT LITIGATION $~933&6 

H, ,rn~,!7 Exposure to Pai-ari 11,Ji & 
r>~,-!~11 j~;on S [): ;::~.;~·Jc 

• • • uman expo q Y 
minimal - people don't eat weeds! 

• No significant residues of paraquat are found in ~ood or . 
water. In cases where it has been used as a desiccant (gram 
crops), residue levels are very low and do not represent a 
significant source of exposure. 

• Greatest exposure is to spray workers (dermal contact), or 
by oral ingestion (accidental or intentional). 

COtWIDENTIAL. PAAAQUAT UTIGATION sYNG-P0-004933&8 

"But before throwing away your pesticide~ 
remember Parkinson's disease existed 
before pesticides were manufactured" 

Abraham Lieberman MD 
(National Parkinson Foundation USA website) 
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limited numbers of individuals) provides further evidence that 
paraquat is not neurotoxic. 

• Neuropathological examination of 15 human brains from 
acute paraquat poisoning deaths in Mal~ysia, revealed _no 
significant quantitative loss of neurones in the substant,a 
nigra (Wong et al, 1997). 

• Neurological follow-up, 5-10 years post exposure, in 4 
survivors of paraquat poisoning and 3 with paraquat skin 
contact, excluded Parkinsonism in all patients. 

CONFIOENTIAL. PARAQUAT lmGAllON SYNG-P<><X>4"3309 


