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The article in the July 19, 1985 issue of Science raised the general allega­

tion that environmental factors, primarily pesticides, may be implicated in 

causing Parkinson's Disease. Paraquat was specifically named in the article 

because of it's structural similarity to l-methyl-4-phenyl-tetrahydropyridine 

(MPTP), a chemical known to cause Parkinson's Disease. There is no scientific 

evidence to support a causal relationship between exposure to Paraquat and 

development of Parkinson's Disease. 

Discussed below are three topics which underlie our belief that Paraquat 

exposure does not cause Parkinson•~ Disease. 

A. Pharmacokinetics of Paraquat 

Paraquat, or 1,1-dimethyl 4,4-bipyridylium ion, is a divalent cation which 

is manufactured as the dichloride salt. With a molecular weight of 187 

and a pennanent charge, Paraquat is highly water soluble with a very low 

partition coefficient (1). These physical properties significantly influ­

ence its absorption, distribution, and elimination. Important features of 

Paraquat pharmacokinetics include limited absorption through either the 

skin (1,2,3) or the gastrointestinal tract (4,5), poor distribution into 

the central nervous system (6,7}, and rapid elimination by the kidney 

{8,9,10). A neutral, lipid-soluble compound like MPTP will likely have 

significantly different pharmacokinetics. 
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Paraquat is not metabolized by mammalian enzymes. The fraction absorbed. 

from the gastrointestinal tract is excreted unchanged in the urine 

(4,5). A claim has been made that individuals with Parkinson's Disease 

tend to have decreased liver drug metabolizing enzymes (11). Apparently, 

these researchers believe a decreased ability to metabolize and excrete 

pesticides efficiently makes them more available to cause neurotoxic 

effects. Because Paraquat is not metabolized by anyone, there should be 
Cr• f.J.-11,im. 

no "at risk population" based on that c, ite,fa, if Paraquat is related in -

9 any way to development of Parkinson's Disease. 

Another imlj)ortant aspect of Paraquat pharmacokinetics to be aware of is 

the active transport of Paraquat into certain cell types (12,13). The 

distinction between the monoamine and diamine cellular transport systems 

is significant in understanding the differences in the specific toxicity 

of paraquat and MPTP. The diamine transport system of the Type II pneumo­

cytes has been convincingly demonstrated to be responsible for Paraquat's 

selective pulmonary toxicity (14,15). In close association with the 

pneumocytes is the capillary endothelium of the lung, which contains cells 

with the ability to clear many monoamine compounds from the blood, yet 

they are not target cells for Paraquat toxicity (16). Experimental 

evidence suggests that active accumulation of the monoamine, MPP+ (the end 

metabolite of MPTP) into the dopaminergic neurons of the substantia nigra 

occurs and is essential for toxicity (11,17,18). To date, there is no 

evidence that demonstrates the presence of a diamine transport system in 

the substantia nigra or that paraquat affects this specific portion of the 

brain. Therefore, although Paraquat 
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is structurally similar to MPTP and MPP+, there are critical differences 
rJ-

which 'ffect the absorption, distribution, and cell-specific accumulation 

of these chemicals. 

B. Animal Studies 

There have been no published animal studies designed to specifically 

evaluate the effect of Paraquat on the dopaminergic neurons of the sub-

9 stantia nigra. However, there are numerous subchronic and chronic studies 
1 

in many animal species where daily clinical observatio'}.. have not detect~d 

signs of Parkinson's Disease.~ These include life-time feeding studies in 

mice (19) and rats (20), a one-year feeding study in dogs (21), and a 

three-generation reproduction study in rats (22). Also, several academic 

and governmental researchers have conducted experiments where the 

treatment and observation periods were sufficient to detect the signs of 

Parkinson's Disease {4,6,23,24,25}. Again, no reports of unusual 

behavioral changes are contained in those studies. 

C. Human Observations 

Epidemiology studies on workers routinely exposed to Paraquat have not 

reported any adverse health effects due to their occupation 
~~ 

{26,27,28,29). Obviously, none of these studies we..ce designed to answer 

the question, "Does Paraquat cause Parkinson's Disease?" However, several 

studies specifically evaluated the pulmonary effects of chronic Paraquat 

exposure. Based on the pharmacokinetfc consideration discussed above, 
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that would be the most sensitive indicator of Paraquat toxicity. No 
rt., 

evidence of pulmonary dysfuftion nor clinical observations of Parkinson­
wa.t. 

like syndrome were reported in any individual 1n the studies. 

Additionally, there have been a significant number of human paraquat 

poisonings worldwide since paraquat was first marketed in the early 

1960s. To our knowledge, there have been no reports or observations of 

Parkinson-like signs either during the acute phase of the poisoning, or 

later in those individuals surviving the intoxication. If the association 

between overexposure to paraquat and the eventual developmen~ of 

Parkinson's Disease was strong,~ then it seems reasonable that promotion of 

the disorder would be most favorable following a high paraquat blood 
f 

level. However, our surveiiance of the medical literature has never 

identified any paraquat poisoning case report describing the finding of a 

Parkinson-like syndrome. 

CONFIDENTIAL- PARAQUAT LITIGATION 

RDW:aeo/vll-3 
Parkinsons 
12/9/85 

SYNG-PQ-02452026 



Case ID: 220300429
Control No.: 26064959

- 5 -

References 

(1) Grissom, R. E., Brownie, C .• and Guthrie, F. E. Dennal absorption of 

pesticides in mice. Pest. Biochem. Physic. 24, 119-123 (1985). 

( 2) Wester, R. C., Maibach, H. I., Bucks, D. A., and Aufrere, M. B. In vivo --
percutaneous absorption of paraquat from hands, legs, and forearm of 

humans. J. Toxicol. Environ. Health 14, 759-762 (1984). 

(3) Walker, M., Dugard, P. H., and Scott, R. C. In vitro percutaneous - -

absorption studies: A comparison of human and laboratory species. Hum. 

Toxicol. 2, 561 (1983). 

(4) Murray, R. E. and Gibson, J. E. Paraquat disposition in rats, guinea 

pigs and monkeys. Toxicol. Appl. Pharmacol. 27, 283-291 (1974). 

(5) Daniel, J. W. and Gage, J. C. Absorption and excretion of Diquat and 

Paraquat in rats. Brit. J. Industr. Med 23, 133-136 (1966). 

(6) Litchfield, M. H., Daniel, J. W.1 and Langshaw, S. The tissue distribu­

tion of the bipyridylium herbicides Diquat and Paraquat in rats and 

mice. Toxicology 1, 155-165 (1973). 

(7) Waddell, W. J. and Marlowe, C. Tissue and cellular disposition of 

Paraquat in mice. Toxicol. Appl. Phannacol. 56, 127-140 (1980). 

CONFIDENTIAL- PARAQUAT LITIGATION 

RDW:aeo/vll-3 
Parkinsons 
12/9/85 

SYNG-PQ-02452027 



Case ID: 220300429
Control No.: 26064959

• 

• 

- 6 -

(8) Hawksworth, G. M., Bennett, P. N., and Davies, 0. J. Kinetics of 

Paraquat elimination in the dog. Toxicol. Appl. Phannacol. 57, 139-145 

( 1981) . 

(9) Webb, D. B. Nephrotoxicity of Paraquat in the sheep and the associated 

reduction in Paraquat secretion. Toxicol. Appl. Pharmacol. 68, 282-289 

(1983) . 

(10) Sharp, C., Ottolenghi, A., and Posner, H. Correlation of Paraquat 

toxicity with tissue concentrations and weight loss of the rat. 

Toxicol. Appl. Pharmacol. 22; 241-251 (1972). 

(11) Levin, R. Parkinson's disease: an environmental cause? Science 229, 

267-268 (1985). 

(12) Rose, M. S., Smith, L. L., and Wyatt, I. Evidence for energy-dependent 

accumulation of Paraquat into rat lung. Nature 252, 314-315 (1974) . 

(13) Rose, M. S. and Smith. L. L. Tissue uptake of Paraquat and Diquat. 

Gen. Pharmacol. 8, 173-176 (1977). 

(14) Smith, L. L. and Wyatt, I. The accumulation of putrescine into slices 

of rat lung and brain and its relationship to the accumulation of 

Paraquat. Biochem. Pharmacol. 30, 1053-1058 (1981). 
. . . . . . . . . 

• • • • • • • • t • 

. .. - - ... - a . . . . . . . . . . 
t • • • • • • • • 

~: i ◄i: i:;:;:;: ~ 
• • • • • • t . . . . . . . . . . . . . . . . . . . 

• • • • • • t • • • . . . . . . ... . . . . . . . . . . . . . . . . . . . 
• • ♦ • • • • • • • 

ROW:aeo/vll-3 
Parkinsons 
12/9/85 

CONFIDENTIAL- PARAQUAT LITIGATION SYNG-PQ-02452028 



Case ID: 220300429
Control No.: 26064959

- 7 -

{15) Smith, L. L. and Rose, M. S. The toxicity of Paraquat in mature and 

immature rats. Toxicol. Appl. Phannacol. 41. 141-147 {1977). 

(16) Sykes, B. I.. Purchase, I. F. H .• and Smith, L. L. Pulmonary ultra-

structure after oral and intravenous dosage of Paraquat to rats. J. 

Pathol. 121, 233-239 (1977). 

(17) Markey, S. P .• Johannessen, J. N., Chieuh, C. C., Burns, R. S., and 

Herkenham, M. A. Intraneuronal generation of a pyridiniurn. metabolite 

may cause drug-induced parkinsonism in primates. Nature. 311, 464-467 

{1984). 

(18) Langston, J. W., Irwin, I., Langston, E. s .. and Forno, L. S. I-Methyl-

4-phenyl pyridinium ion (MPTP+): identification of a metabolite of 

MPTP, a toxin selective to the substantia nigra. Neurosci Lett. 48, 87-

92 ( 1984). 

(19) Paraquat: lifetime feedi.ng study in the mouse. ICI CTL/p/556 

(20) Paraquat: Combined toxicity and carcinogenicity study in the rat. ICI 

82/ILY217 /328. 

(21) Paraquat: One-Year feeding study in the dog. ICI CTL/P/734. 

(22) Paraquat: Multigeneration reproduction study in rats - three genera-

tions. ICI CTL/P/719. 

CONFIDENTIAL- PARAQUAT LITIGATION 

ROW :aeo/vll-3 
Parkinsons 
12/9/85 

y 



Case ID: 220300429
Control No.: 26064959

. . . 

- 8 .. 

(23) Kimbrough, R. D. and Gaf~es, T. B. Toxicity of Paraquat to rats and its 

effects on rat lungs. Toxicol. Appl. Phannacol. 17. 679-690 (1970). 

(24) Fukuda, Y., Ferrans, V. J., Schoenberger, C. I., Rennard, S. I., and 

Crystal, R. G. Patterns of pulmonary structural remodeling after exper­

imental Paraquat toxicity. Am. J. Pathol. 118, 452-475 (1975). 

(25} Schwartz, L. W. and Silvennan, S. Paraquat induced pulmonary damage in 

e nonhuman primates. Am. Rev. Respira. Dis. 13, 108 (1976). 

(26} Chester, G. and Wollen, B. ~- Studies of the occupational exposure of 

Malaysian plantation workers to Paraquat. Brit. J. Industr. Med. 38, 

23-33 (1982). 

(27) Swan, A. A. B. Exposure of spray operators to Paraquat. Brit. J. 

Industr. Med. 26, 322-329 (1969). 

{28) Howard, J. K., Sabapathy, N. N., and Whitehead, P. A. A study of the 

health of Malaysian plantation workers with particular reference to 

Paraquat spraymen. Brit. J. Industr. Med. 38, 110-116 (1981). 

(29) Howard, J. K. A clinical survey of paraquat formulation workers. Brit. 

J. Industr. Med. 36, 220-223 (1979). 

CONFIDENTIAL - PARAQUAT LITIGATION 

RDW:aeo/vll-3 
Parkinsons 
12/9/85 

SYNG-PO-0245?n~n 


