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\/Vhat is Par3quat'? 
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Paraquat 

1, 1-dimethyl-4-4-blpyridlnium 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 & Weedo~. 

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). 
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Paraquat & Parkinson's Disease 
Ru11n111q Order of P:·csentat1cns 

Introduction to PQ & PD: 

In vivo studies with PQ: 

In vitro studies comparing 
PQ with MPTP / MPP•: 

Summary comments: 
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Parkinson's Disease - What 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 elderly 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, except in 
some cases of early-onset. 

• 'Environmental factors• may play a role in the aetiology of the disease? 
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Exposure to toxins 
• Pesticides ~ 
• Consumption of well water 

Cigarette smoking 
/ • Nicotine effects? 

(nlcoelnlc ,-plarl) 

• Pollution from Industrial 
plants 

• Diet • consumption of > 7 

portion• of tropical fruit dally 

,._ Coffee drinking 
• Caffeine effects? 

(adenoslnt ~ ~) 

Trauma 
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M.D., The Piukinsori's Institute, Sunnyvsla, CSl/fomla, s 
National Psrl<lnson Foundation Canter of Excellence 
F« 150 yen, lhft hU been,...~ dtbaie In 1h41 adenlific ccmnunity on the 

~~i:.111<=~:~~~~~~~(~ 
~. <l-i>hen)4, 1 .2,3,6-~) cook! aule po,1dnoonlsm tupl)Olled lhe 
1AM that eowonmenlll flclorl _. potlfTIOUlll. Reoondy, llt ldenllllcation cl IOVIIIII 
ll"AJlallons thltM- lo bt.,.,..of _ In l!)edllc ,_. hel IUppOt1ld the 
DOntlic..+owpoinl, 

Thankl lO the ~IIOn of the W0!1d Wll II Veteran Twins Slu<ty on the •IIOIOIIY of 
POllclnoon'I dlsNle (p.A,lllhod In t,a Janue,y 27, 111911 llait of Ille .Joumt/ cl tt,e 
-,.,_n - ~). we can .. Y IO< the t1tS1..,,. wtlh ~ that 
am,ironmantal r.e1ora are the most 00<MIOf\ ceuse of dl1■1se In "typlcel on6"1· petlonts 
(thOH dlagnoled after 50 )'1111 cl ego). loJ Ille same lime, our mtMr conllrm lhal 
genetic lacl0<1 .,. ltie cause cl disease In most "young onser pallant& (lhosa 
diagnosed prior to~ 50). The road we- to- lhHO,.....,,.. _, • 
long on■, IIWO>l'.Mg ~ t9,842 of Ille__,, 1wlnt, bu1 the joumeyhaa been 
-llnce111■ AldydM)ly-.illlN1t1econdlllonouncltt'wlllchg■n1llcor 
enwonmenlll fac:lors M>Uld "l'PiY to onse1 cl 111e 111 ...... 
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study investigating the role of pesticides In PD. Regi,,.........· 
prevalence of PD In Canada non-uniform. 

• correlated with area$ 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. 
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Hydrophilic, charged di­
cation 

o-o-CH 3 

Monoamine, uncharged 
lipophillc molecule 

MPP• 

o-o~CH 3 
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Conversirrn of IVlPPP to MPTP and MPP' 
I 

Moporl<line 

g ?. 
8.o.cH,.cH, 

N 

.\H, 

1-methyt-4-p)Tldlum 
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Paraquat 

MPPP 

g 
I 

CH, 

?. 
0·-6-CH,-CH, 

1-methyl-4-phenyt­

Pf'Ol)ionoxypiperidlne 

j Low pH 
High Terr-.,er.lute 

1-methyl-4.pher,)4-1,2,3,6-

telrahydropyrldlne 

SYNG-PQ.QOCQ3326 

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 

SY,Stems in the CNS. WI 
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Nll:)TP Mechanism of Toxicity 

-~y .,i¥'t I "., 't ,• • 

MPTP MPDP+ MPP+ Blood Brain.__ _______ __, _ ___, 
Banier 

Dopamin!!rgic neurone 
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Does Paraquat crnss the BBB and cause 
net 1 rotox re 1ty ') 

- .- ·: • !- .. .. • • • 

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 

. . . . w, 
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Not a' recent problem - issue ~rose 1 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 C111Ble mice. 

- behavioural effects observed at 60 days 

- corresponding reductions in strlatal dopamine content 

• Syngenta funded follow up work conducted to see if 
findings were repeatable - no conclusive effects, 

.,..._, - 'L. • • -' ~ I" • I ~ _.,, • '•• • 'J • • '•• 
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PAN Europe 
To promote ,u ... lnol,le olle,notlvH, 
PAN luropo , ... NllnolH ontl 11.......,.,,, 
octlvttlH oHuropoan NGO, 
acid-•ln1 Pffllclff problem,, 

.. 

Open letter for an EU-wide paraquat ban 08104/03 
ToitheMMI.._S....,~.tthie~, ...... ~°" ... ~CN,li'l..-d.....a ......... ~11\ 

••~O<f!¥tMl,t90f,oNkpbttfH'OteCtloftp1tchlclt(~•9\/•1•/lK). 
,.._, 5-wMlth Sod_,. few Motv,. c.on ... w1on (IHF}, ~ .. .._,...,..,.. lur"°" (UIL r..tkl4t ~ NeN,o,tr ..,,.,.. 
(l'AH-1) 

0..IAp,1200> 

-""'""· w •• ,._.,. .. i..e,b+oo .. - o,•Wrfyoftc-MNdobkilh ~._..,. to~._MN'Wdck pot~M 
.t.,o,wa1tDCOl,ftdl~91/414/tKOf .. Nlt1""1MOof .. ~C............onWfoodQoboAdANINll~l4-
1$""' 200). 

·, . 
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publications since 1999 implicating paraquat in a 7 

Parkinson's disease animal model -wor1< still on going. 

• Cory-Slechta group - Rutg9rs, NJ, (University of Rochester, NY). 
Di Monte group - Parkinson's Institute, Sunnyvale, CA 

• Using the C51Bla 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 
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The Swedish government Is suing the EU 
Commission 
The Swedish government decided today to sue the EU 
Commlaslon 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 February 2004 
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Recent externa! ptessures c111 paraq1.1.::.t 

quo!in(J links w1tll P, 1.rkH1~;011·~ di~:'::a~,l' 

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

6 February 2004 
Financial Times 
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Rese,:irch Activity at Sy11ge11ta CTL 
in vr✓o Studic~, (Lou1sr. Mat I<,.;} 

• Repeat of published in vivo experiments with PQ alone 
being dosed to C5r8ls 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 Tfr 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 (TH' neurone counts in the substantia 
nigra) end point markers. 

• Intend to seek peer review of our findings. 
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Research Activity al Syn~1cnla CTL 
St;atcq,>, Bcinn ~-ollovvcd 

I • ~ 
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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 PO 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 
d7tection of any _PO in the brain_ (no matter h?w small) 

Ill 
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Research Activity at Syngenta CTL. 
;n v•tro '.3tt1d1c'; (/\l1~on 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. 
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CONl'lo&N'TW.-PARAQUAT LITIQATION 

• MPTP Is a newotoxic agent which produces effects similar to Parkinson's disease. 

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

,I. 1trl1t1J·dop1mlne • 
,I. tyl'OIIDt b.ydroJylase COlltalnlq n•roDI IA die 1ubstaotl1 Dia•• 
,I. locomotor activity 

• Paraquat has been rcponcd to be ncurotoxic following systemic administration in rats 
and mice. 

• Effects reponcd with paraquat arc similar to those seen with MPTP. 

De,·elo1>lng an MPTP model in CTL would allow invutlgation or 11uraquat 
ncurotoxicty when compared lo u known neurotosic agent 

COHflDE.ffflAL. PARAQUAT U'T'IOATIOH 

• 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 
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• S daily injections of20122.5125 mg/kg MPTP-HCI (n•3) 
• controls receivod oquel volumes of sterile saline 

• Animals continuously monitored for 2 hours post dosina for signs ofMPTP 
toxicity: 

. piloe(ection, increased salivation, increased lacrimalion 
- lnrrrastd or dttruscd artMty, lnrnor, ln,·olunlary mo,·tmtnl, abnormal 
gall respiratory changes 

• 7 days after last MPTP dose, slriatal and cortical samples removed for HPLC 
analysis of. 

• Dopamlat (DA) 
• 3,4,-dlhydroxylphenyl acetic acid ( DO PAC) 

HomovanlUJc add (HV A) 
• 5-Hydroxytrypmmlnc (S-HT) 

OONl'1D8HTtAI.. PAAAOUAT UTlQATK>N &YN<J.PQ.00403341 



"11111111:tn of \II' 11' llo,l' Opti111i,.1tio11 ,tudil', 

-------- • • -
.........._ Study Dosing Route Total Well Reduction 

Regimen doee tolerated In striatal 
(dose DA 
received 
mg/kg) [target >50% 

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 l.p. 200 Yes 52% 
mg/kg 

XM7190 10 X 20 i.p. 200 OK 66% 
mg/kg 
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111 l111111111iohi,tod1t·111i,tn - \kthocl, 

• Mid/hindbrain blocks immersion fixed in 4% PAM, cyoprotccted and processed for 
immunohistochemistry 

• 40µm coronal sections cut on freezing micro1ome 

• Free noating immunohistochemisuy was carried out using a tyrosine hydroxylase 
antibody ( I :4000; Biogenesis) on sections containing s.nigra region 

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

• Sections were counterstained using cresyl violet-nucleus purple colour lllis allowed 
easier identification of TH' dopaminergic neurons in SNpc. 

• Sections adjacent to those used for TH staining were stained with cresyl violet for total 
cell counts 
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• MPTP is a neurotoxic agent which produces effects similar 10 Parkinson's disease 

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

.I. striatal dopamine 

.,I. tyrosine hydroxylasc cont»ining neurons in lhc substantio uigra 

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

• Effects reported with paraquat arc 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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" ----- " -40 µm c: _____ :::, 
c 

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

C: _:::, 

J+[J+[J . 

[ -] [l □ '] . J L. .. 

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

Pl 
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111 ( l II ( ,11111h \I,:!, ,,j, 

•MQst sroups have used optical fnlctionator melhod of stercology to count TH • cells: 

• ... 1mMa.red 1ech11lque Independent of,,e11ro,w/ shape or size or any c011formatlo11a/ 
d1t111g•s In tire 1iSS11e .... • 

• Method involves counting TH • neurons from 
a rep~tative number of sections (e.g.cvcry 3rd 
section) throughout the SNpc region in each 
animal 

• Step 1-The pan compscta ofS. nigra is identified 
at low maanific81ion (XS) (Fig I) 

· .• 
-"'·· • " - • ,.. " - -- • ~ ·~ - -- : ~, ,:... - • 
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111 (di< ,,11111, \lctl,.,,1,,' 

• Step 3· Cells arc counted from a IOµm thickness of the section (not including lhc 
top2µm) 

Cells visible initially 

Cell becomes visible as 
move through I Oµm thickness 

. . 
• _....... -- • 7 • -i:.. - • • - ... - • 
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• Step 2- A counting frame is superimposed onto s. nigra at 
XIOO magnification and TH 'neurons with a cresyl violet 
s1aincd nuclcw are counted (Fig 2) 

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

. ... ''-""~ - . - . ,---- . " ~ -· .... 
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• Step 4 

. . 

From these counts, the optical fractionator method can be used to estimate the 
total number of TH ' neurons in the pars compacla of each animal: 

N= sum Q· x 1/tsf x 1/asf x 1/ssf 

\Vhere: 

tsf- thickness sampling fraction 

asf• area sampling fraction 

ssf- scrtion sampling fraction 
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St111h \:'171'>0-I flu:tor\ll'll'on Ill rdl1111111l>t·ri11th 

S11h,ta11tia '-i!.!r:1 par, romparta 

~ - - • -

0 
Control MPTP 

Data represents mean± SEM. Saline control group received l weekly i.p. injections of Sterile 
saline, o-6; MPTP group receivod 10 daily injections of20mg/kg MPTP, ndT. Values analysed 
by one way ANOVA followed by Student's t-tcst. ••p<0.01 
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- . . 
• 10 week old male C,,BJ., mice received 3 weekly injections of 10 mg/kg PQ dichloride 

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

• Forebrain-striata removed for HPLC analysis of striatal DA and melBbolitcs 

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

for crei.-yl violet staining 

• The optical fraetionator method of stereology 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 compacts 
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lfrductiom iu 111 rq10rtl'd \\ith Paraquat 

- -
• Thiruchelvam el al., 2000-reponed a 22% reduction in TH cell number with combined 

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

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

• Thiruchclvam el al., 2002-around a 25% reduction in TH cell number following adult 
exposure to PQ 

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

• XM7 I 90 produced a 30% rtduction in TH ctll nuDlbtr following MPTP 
administration. This bas demonstraled that tht sensitivity of the endpoint should be 
sufli<ient to allow dttection of any PQ induced changes in TH cell number or the 
magnitude pre,·iously reported. 
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\. ,1-2:! 1>-I.lft-rl of 1':1raq11at 011 thl' com·t·11tr.1tio11 

rd "t1·ia1al l>11p:1111111t· .uul th 111d.1h11l11l', 

. . ~ . ' 

200 mg/kg total dose MPTI' 

Slight-moderate toxicity. 

67°/4 reduc.-tion in striatol DA 

50% rt>ducfion in l>OPAC 

30% l'tduction in HVA 

DA tuniovcr 153% control 

no change in 5•HT 

No sia,,ns of lox.icily 

No sig. reduction in s1ria1al DA, 

DOPAC or HVA. 

No sig. change in DA lumover 

16-

14 

'§. 12 

-~ JO 

¥ 8 

if 6 
]> 4 

2 
0 

DA DOPAC 

■ Saline con1rol 

■ 3 K IOm,vkw l'Q 
it) I Ox 20mg/1cg MPTP 

HVA 5HT 

Da1a represents mean i SEM n-9 saline control. PQ; n-6 MPTP. 
Data analysed by ANOVA follo,w,d by Student's I-lest.'" p< 0.001, 

•• p<0.005. 
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K, 10000 

~ 
.s 9000 

~ 
; 8000 

~ 7000 
'o 

.x 6000 a • 7-. 
5000 

■Saline control 
■ P81'1quat 
■MPTP 

Data represents mean :t SEM. Saline cootrol gro11p received 3 weekly i.p. injections or Sterile 
saline, n-9; PQ group ~lved 3 weekly lnjectloosof lOma/ka PQ dichloride, n•7; MPTP 
group received 10 daily iqjecrions of20ms/ks MPTP. n-6. Vllluo5 analyaod by one way 
ANOVA followed by No"'11111•Koullpost lest.••• .001 •• .01 
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-..1,.,h \\I"',., I 11 .. I,., I'"·"!",,"'' Ill 111d ( \ "II 11111111,, I Ill 

li•L '1d1,1,111t1.1 111_'1,I 11 ll '- ' .. ,11i 1 I\ I I 

8. 
;z. 

"' .e 

I 
{j 

~ 
d ;z. 

9500 

8500 

?SOO 

6500 

5500 

4SOO 

Control Paraquat MPTP 

-TH•neurono 

•CV· neurons 

Dal• rtpl'CSCIIIS mean ± SEM. Saline control group received 3 Wffldy i.p. lnjec1ions of Sterile 
saline, n-9,8; PQ group roccivod J -kly iajee1fon1 of IO.J\111<8 l'Q dichloride, n•?,7; MPTP 
group received 10 daily fnjectfons of20mg/kg MPTP, n-6,6. 
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.,;:;.. ' - - - .... '·--' .. - . ~ . . ,. 

OONPlOENT\AL • PAAAOUAT UTIGATION 

"-111 I \ \i ~ I I 11,1.( 1d I' l/.1•111.111,11 111 ,t II 1111111111,.1 Ill ll1t 
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10000 ,,...--., 
I ConllOI 

8. • 'Paraquot 9000 

$ ~ A MPTP 
.Ii 

I 
8000 

7000 
1, 

~ 
£ 8000 

6000 

S.Hno control group ~ivod 3 wcclcly i.p. injections of Slerile aaline, 11~9; PQ groop received 3 weekly 
injl.'Clioos or IOmgllcg PQ dichloride, n•?; MPTP a,oup ~ivcd 10 daily inj.«i- of20 ms/kw MPTP. 
n-6. 
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SlighHnodenle toxicity (t APlc) 

80% r'Nluctlon In Jtri111I DA 

66% rcd11cllo11 In DOPAC 

46•/• rNlucllo" Jo HVA 

l)A turnover l94%ofcontrol 

110 chans• in 5-HT 

No signs of1oxici1y 

No iii. redu"-1ion in strietAJ DA, 

l)OJlAC or llVA. 

No si&, chimtte in DA 1umover 

16 

n ~-~---
DA DOPAC HVA 

■ Saline 

■ Paraquat 
DMPTP 

--
5-HT 

uac.a repreNnt mean± ~M. ~••ne control,~; t-'Y atcn1onoe, n~: 
MPTP, nail. Dall anaiyNd using one woy AAOVA followed by Student's 

I-test ,••• p< 0.0001, - P< 0.05 
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',1111h \1\172'.'X - l"ll1rl of paraq11.1l 1111 111 1dl 11111111>11 111 Ill!· 
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9000 ... 
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Data represents mean± SEM. Saline control group received 3 weekly i.p. injections of 
Sterile saline, n"'9; PQ group received 3 weekly injections of 1 Omg/kg PQ dichloride, n=8: 
MPTP group received 10 daily injections of20mg/kg MPTP, n=9. Values analysed by 
one way ANOVA followed by Newman-Keuls post test .. •p<0.001 
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Control 

■ TH+ neurons 
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Paraqual MPTP 

Data represents mean± SEM. Saline control group received 3 weekly i.p. injections of 
Sterile saline, n--9,7; PQ group received 3 weekly injections of 10 mg/kg PQ dichloride, 
n=8,8; MPTP group received 10 daily injections of20mg/kg MPTP, n=9,8. 
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Data represents individual animal values. Saline control group received 3 weekly i.p. 
injections of sterile saline, n=9; PQ group received 3 weekly injections of 10 mg/kg PQ 
dichloride, n=8; ~p group received 10 daily injections of20mg/kg MPTP, n=8. 
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I saline control 
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, PQ (3 x I Omg/kg) 

Data represents individual animal values rrom studies XM7229 and XM72S8. Saline con1rol group 
received 3 weekly i.p. injections of sterile saline, n•I 8; PQ group received 3 weekly injee1ions of JO 
mg/kg PQ dichloride. n•IS; MPTP group received 10 daily htjections of20 mg/kg MPTI', n•l4 and 
one MPTP animal received 3 daily injections of 20 mg/kg MPTP ( 6). 
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the PQ Ind aced neurotoxlclty reported In Ille literature. 

• The two stud lee have demonstrated a lack of PQ neurolosiclty in mke 

from two suppliers - suggests that subpopulation differences did 11ot 
contribute to our Initial lack of PQ induced toxicity. 

,!. 

uce 

• Attempt to understand areas where differences may exist hetwecn our sn1dics 
and the groups reporting PQ toxicity. 

• Continue to investigate this reported toxicity• increase the frequency of dosing to 

detennine whether this might induce changes to the nigrostriotal system. 

• Addition ofe behavioural endpoint• measurement of locomotor activity. 
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Dau, represcnu mean± SEM. Data analysed using one wny ANOVA followed by S1udenl's I-lest 
Control. n-8; I x week PQ animals n,ceived 3 weekly injcotions or 10 ma/ka paraquol dichloride 
n-9, 2 x week animals received 10 mg/kg paraquat dichloride twice a week fur 3 weeks, n•8. 

OONF\OENTW.. PARAQUAT Lln<.A'T'ION SVHCM'O-O<IOOS>64 

,: 11' \ \\I ' 1 i tit l I ' I I' II 1,p1 I I ,, I 1,, ' .. ,, 'l II ! I! 1,111 .i 

• I ,1 I JI •I !!'I! I \I I I \It, •1 .t 

20 
18 

} 16 
I◄ 

i 12 .. 10 
E 8 
' .. 
C 6 

4 I 
2 1 
0. ...... 

DA OOPAC 
HT 

... 
UVA -----5-

,........__ 
■ Salineconu 

Ii] I x 1Yeek PC, 

■ 2x1YeekPQ 

Data ~resents mean :t SD. Data analysed usiog one way ANOVA followed by Student's 1-1cst, 
• p <0.05. Control , n-8; 1 x .-1< PQ animals received 3 weekly iajec1ions or IO mg/kg 
pmqlllll dichloride. n-9, 2 x week aofmals receivod 10 ma,lka paraquat dlchloride twi<l<! a "'""k 
for 3 weeks, n-8, 
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Saline Control PO 1 xweek PO 2 xwee 
11480 7239 8183 
9425 8336 9223 
11518 ~88 -- 10627 
12314 11406 9412 
11862 9969 10415 
11242 9240 8247 
12621 7366 11257 
12363 8791 10553 

8568 10426 
Mean: 

111178 :t354 SEMI 8935 :t434 SEMI 9927 :t 321 SEMI 
1001 SD 1303 SD (23% -I,) 962 SD (1~% -1-) 
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Data represents mean± SEM. Saline control group received 3 weekly i.p. injections of 
Sterile saline, n=S; PQ I x week group received 3 weekly injections of J0mg/kg PQ 
dichloride, n-9; PQ 2 x week group received injections of 1 Omg/kg PQ dichloride twice 
weekly over 3 weeks, n-9. Values analysed by one way ANOVA followed by Newman­
Keuls post test. .. p<0.001 •p<0.01 
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CONFIDENTIAL-PARAQUAT LITlc.ATION 
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Data represents mean ± SD. Saline control group received 3 weekly i. p. injections of 
Sterile saline, n•S; PQ I x week group received 3 weekly injections of l0rng/kg PQ 
dichloride, n-9; PQ 2 x week group received injections of J0mg/kg PQ dichloride twice 
weekly over 3 weeks, 0"'9. Values analysed by one way ANOVA followed by Newman­
Keuls post test. .. p<0.001 *p<0.01 
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SNr-SN ~licularis 

CP· Cc,."'11 peduncle 

Landmarks at ncher levels 
include the oc,ulomotor 
nerve, lhe nucleus oflhc: 
accessory opric.al uaet and 
the medial lemniscus 
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12-480 8882 6986 
11789 , 7986 714'4 

11887 9437. 9179 -
11695 10360 8364 
12766' 8468 8840 

11499 9746 8647 

13470 8916 7594 

10126 10231 7766 
12374 8392 7591 

Mean: 

1191111 :1: 314 SEM / 91116 :1: 280 SEM / 8011 :t268SEM/ 
942SO 810 SD (24% ,I.) 774 SD (33% .J.) 

OONF10ENTW.. • PAAAOVAT UTtOAltON IYNQ..PQ.004fl372 

K_ ISOOO 

:z 
"' .s r~ 
. 
i: 
0 
;z: 

SOOD 

0 

- Control 
- Paraqua1 
-MPll' 

Dalli ropresent.s mean ± SEM. Sllline cpntrol group received 3 weekly i.p. injections of 
sterile $llline, n-9; PQ 8Jl>UP received 3 weekly injections of JO mg/kg PQ dichloride, IF9, 
MPTP sroup received JO dally Injections of 20 ma/ki MPTP, n-9, Vallie$ analysed by 
one way ANOVA followed by Newmllll•Kwls post 1e51 •••p<0.001 
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17480 11638 9871 
18957 12551 
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14504 112◄0 8760 
14511 t0452 9436 
17398,. 13506 - 12882 
18106 1~1- 14-493 

176◄2 12118 11509 
128◄0 1~9 10248 

13187 13301 
MNn: 

111127 :I: 628 SEMI 12122:t 387 SEMI 11!)34 ± 701 SEMI 
1777 SD 1160 SD (24% .j.J 2102 SD (31% i) 
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Data represents mean± SEM. Saline control group received 3 weekly i.p. 
injections of sterile saline, IF 8 (CV), 9 (TH); PQ group received 3 weekly 
injections of 10 mg/kg PQ dichloride, n-9; MPTP group received 10 daily 
injections of 20 mg/kg MPTP, n=9. 
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The Effect of Paraquat on the Nigrostriatal 
Dopaminergic System in the Rat and Mouse 

An In Vitro Study 
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Animals tenninatcd 7, 28 or 90 days after the final PQ injection. 

Dllt rcprcscnlS mean± SEM. Control group rc«ivcd 3 weekly injections of sterile saline, nz 8 (7d). n•9 (28d. 90d 

PQ group n,e,iv<d 3 weekly injections of 10 mg/kg PQ dichloride, n"'9 (7d, 28d), n=8 (90d). Data analysed using 

one way ANOVA followed byNewman-Keuls pose 1 .. 1," 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. 

CONFloeNTIAt.. PARAQUAT LITIGATION 
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Paraquat 
Polar (Water aoluble) - poor BBB permeabUlty 
Diamlne - unlikely to be a substrate for monoamlne transporter 
Not Metabolised 
Does not Inhibit complex 1 ETC In mitochondria 

MPTP Uncharged molecule 

0-0, Llpophllltc 
Crosses the BBB 

""- Metabolised 

MAO-B ~ 

MPP• ~cw. 
~ 

OOHFIDENT1AL • PARA.QUA T LmGA TION 

Neurotoxic metabollte 
Monoamlne 
Does not cross BBB 

• 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 ['HJ-dopamine. 
After 8 minutes the reaction was tenninated 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 Mouse IC .. value.s 
OBR 12909 0.400.15 nM OBR l 2909 0.48 ¼ 0.16 nM 
MPP' 0.Sl :t0.04 µM MPP• 0.56:t0.16µM 
PQ > l,OOOµM PQ > l,OOOµM 

.· . 
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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, r<:ceptors, 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 10 use in competitive binding assays. 

• The membranes were incubated with a fixed concentration ofradiolabelled ligand, 
and a range of concentrations oftest compound, for I hour to reach equilibrium. 
The r<:action was then terminated by rapid filtration using the Brandel Harvester, 
followed by several washes lo remove any unbound radiolabel and test compound. 

• The binding of the radioligand to the membrane receptors retained on the filters 
was then quantified by scintillation oounting, and the binding affinity (K;) calculated. 
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D, receptor O.receptor DAT 

K; K, K; 

Paraquat Rat >100 µM >100 µM >100 µM 

Peraauat Mousa >100 uM >100 uM >100 µM 
MPTP Rat >50µM 0.47 ± 0.09 µM >50µM 

MPTP Mousa >50uM 0.41 :t 0.09 uM >100 11M 
MPP• Rat >100 µM >100 µM >100 µM 

MPP· Mousa >100 uM >100 11M >100 µM 
Positive Controls Butaclamol Remoxipride GBR 12909 

Rat 7.2 :t 2.9 nM 130 :t 70 nM 4.3 :t 1.7 nM 

Mousa 9.5:t 3.0 nM 130 :t 30 nM 5.0:t 0.6 nM 
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• Ml'11' 

MPP' 

Rat Kt values 
Remoxipride 130 :I: 70 nM 
MPP• > 100 µM 
MPTP 0.47 :1: 0.09 µM 
PQ > JOOµM 
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Mouse Kt values 
Remoxipride 130 :I: 30 nM 
MPP' > JOOµM 
MPTP 0.41 :1:0.09µM 
PQ > IOOµM 
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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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. . : .. a nson y g po 
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 wo,rld's oldest database on Parkinson's disease -
monitoring area residents since 1935. 

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

' 
' 
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minimal - people don1t eat weeds! 

• No s,ignltlcanues}due_s_of paraquat ar.e fo.uruun ~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 S<X.1rce of exposure. 

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

CO,.,IDelTIA.L. PARAQUAT LITIC.AllON 

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

Abraham Lieberman MD 
(National Parl<inson Foundation USA website) 
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limited numbers of individuals) provides further evidence that 
paraquat Is not neurotoxlc. 

• Neuropathological examinaticm of 15 human brains from 
acute paraquat poisoning deaths In Malaysia, revealed no 
significant quantitative loss of neurones In the substantla 
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 Parklnsonism In all patients. 
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