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【 CASE REPORT 】

Parkinsonism Relating to Intoxication with Glyphosate
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Abstract:
We herein report the case of a 38-year-old man who developed parkinsonism 4 years after ingesting

glyphosate. The patient presented with right-sided bradykinesia and cogwheel rigidity without autonomic

symptoms. Magnetic resonance imaging of the brain and [123I]-metaiodobenzylguanidine myocardial scintigra-

phy were normal. A drastic response to levodopa and the presence of levodopa-induced dyskinesia without

strong non-motor symptoms were seen in this patient. We considered that young-onset atypical parkinsonism

was associated with a history of sublethal glyphosate ingestion. Epidemiologic investigations have shown that

exposure to pesticides is a risk factor for Parkinson’s disease (PD). Our findings support the notion that

glyphosate exposure might be related to the onset of PD.
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Introduction

Parkinson’s disease (PD) is the second most common

neurodegenerative disorder after Alzheimer’s disease. Symp-

toms of PD include rigidity, tremor, bradykinesia, and loss

of postural reflexes (1). Several reports have mentioned ex-

posure to pesticides as a risk factor for PD (2-5). This hy-

pothesis was suggested by the discovery of neurotoxic ef-

fects from a metabolite of 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP), which is converted in the body

to a pro-parkinsonian molecule with a structure resembling

the herbicide paraquat (6).

Epidemiologically, the risk of developing PD increases

with increasing duration of work in agriculture (4). In ex-

perimental models, the pesticides paraquat, which causes

oxidative stress, and rotenone, which inhibits mitochondrial

complex I, both induce loss of nigral dopaminergic neurons

and behavioral changes associated with human PD (7).

We herein report a patient presenting with parkinsonism

four years after glyphosate ingestion and discuss whether or

not glyphosate might be a possible risk factor for parkinson-

ism.

Case Report

A 38-year-old Japanese man who developed parkinsonism

4 years after glyphosate poisoning came to our clinic. He

had no family history of neurologic disorders. He had

started operating a farm growing strawberries nine years ear-

lier. At age 34, he attempted suicide by taking 200 mL

glyphosate; he vomited after 10 minutes. His family took

him to the emergency room in Saga University Hospital. His

stomach was pumped, and activated carbon was adminis-

tered. He was discharged the next day without any symp-

toms or laboratory abnormalities. Four years later, he no-

ticed right-handed clumsiness and gait disturbance and was

referred to the department of neurology. He did not take any

drugs that might have triggered parkinsonism, including an-

tipsychotics and antidepressives. The patient was informed

that we wanted to submit his case study for publication and

provided his informed consent.

A neurologic examination revealed right-sided hemi-

parkinsonism, including bradykinesia and cogwheel rigidity,

without any autonomic symptoms, such as constipation or

orthostatic faintness. The results of the head-up tilt test

(HUT) were within normal limits. The blood pressure and
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Figure.　Results of [123I]-ioflupane single photon emission 
computed tomography show laterality with accumulation de-
creased on the left side compared with the right side (specific 
binding ratio right 6.22, left 5.43).

heart rate in the dorsal position (5 minutes after 70°HUT)

were 121/73 (138/84) mmHg and 63 (85) beats/min, respec-

tively. Coefficients of variation of RR intervals in the resting

state and during deep breathing were 2.91% and 7.83%, re-

spectively, which were slightly below the normal respective

ranges. The patient showed no urinary symptoms, including

urinary frequency or feelings of residual urine. His cognitive

function was normal with a full score on the Mini-Mental

State Examination.

Because he had history of a suicide attempt, we inter-

viewed him in detail on his mental status. Results showed a

stable mental status with no symptoms of depression. There

are no items on the Japanese version of the REM sleep be-

havior disorder screening questionnaire, a specific screening

scale for assessment of REM sleep behavior disorder. We

therefore checked his sense of smell using an intravenous

olfactometry test, which showed a slightly abnormal olfac-

tory function with a latency of 15 seconds (cut-off <10 sec-

onds) and continuing time of 43 seconds (cut off >70 sec-

onds). The patient had smoked 10 cigarettes a day for 20

years. Hypofunction of smell can be caused by both Parkin-

son disease as well as smoking (8). We did not consider the

decrease in his olfactory sensitivity as being significant to

the findings related to parkinsonism. We also concluded that

he did not show non-motor symptoms of PD.

Magnetic resonance imaging (MRI) of the brain and

[99mTc]-ethyl cysteinate dimer single-photon emission com-

puted tomography (99mTc-ECD SPECT) showed no abnor-

malities. Likewise, [123I]-metaiodobenzylguanidine (MIBG)

myocardial scintigraphy revealed no abnormalities. The

heart-to-mediastinum uptake ratio (H/M) was 2.17 in the

early stage and 2.0 in the delayed stage [cut-off H/M of

early stage �2.04 (9)], but [123I]-ioflupane SPECT showed

the lateralized accumulation (Figure). All tested hematologic

and biochemical parameters were within normal limits. Ge-

netic screening relating to familial PD revealed no patho-

genic mutations [synuclein alpha (SNCA) multiplications,

exon 21, 31, and 41 in leucine-rich repeat kinase 2
(LRRK2), full exons of parkin RBR E3 ubiquitin protein li-
gase (PRKN), PTEN-induced putative kinase 1 (PINK1), or

GTP cyclohydrolase 1 (GCH1)]. Levodopa carbidopa was

started and increased to a dose of 600 mg per day, after

which his symptoms of parkinsonism improved from a score

of 16 on the Unified Parkinson’s Disease Rating Scale Part

III to a score of 0. However, levodopa-induced dyskinesia

was observed. Levodopa carbidopa 300 mg and ropinirol 8

mg yielded a good clinical course without any impact on the

patient’s daily life.

Discussion

We herein report the case of a patient who developed

parkinsonism four years after glyphosate ingestion. The

characteristics of our patient were bradykinesia and rigidity

along with a drastic response to levodopa and the presence

of levodopa-induced dyskinesia in the absence of common

non-motor symptoms. The symptoms of our patient did not

meet the standard criteria of PD (1).

Epidemiologic investigations have provided substantial

evidence supporting the notion that pesticides are a risk fac-

tor for PD (2). To date, rotenone, which inhibits mitochon-

drial complex I, and paraquat, which causes oxidative stress,

have been linked experimentally to pathophysiologic mecha-

nisms implicated in human PD (7). Groups of pesticides

linked to the mechanisms of mitochondrial dysfunction or

oxidative stress have also been shown to be associated with

PD (3), expanding on experimental studies to provide evi-

dence that these mechanisms play a role in PD in humans.

However, little is known about glyphosate-induced parkin-

sonism. Glyphosate is commonly used worldwide in agricul-

ture. It acts primarily through the inhibition of the shikimate

metabolic pathway in plants. Because this pathway is absent

in mammals, glyphosate is considered to be of low toxicity

to humans. However, the ingestion of commercial formula-

tions of glyphosate-surfactant herbicide have been associated

with various toxic effects, including gastrointestinal injury,

laryngeal injury, an impaired renal function, metabolic aci-

dosis, arrhythmias, pulmonary toxicity, shock, and even

death (10).

Glyphosate-induced parkinsonism is rare, but three addi-

tional case reports exist (Table) (11-13). Two patients expe-

rienced accidental skin exposure (11, 13), and one patient

had chronic occupational exposure for over three years (12).

The present report is the first to describe a possible effect of

oral ingestion of glyphosate. Levodopa improved the symp-

toms of two of these patients (11, 12) as well as the present

patient. T2-weighted brain MRI revealed hyperintensity in

the basal ganglia and midbrain of one patient (11) and bilat-

eral hypointense lesions in the globus pallidus in an-

other (12), suggesting secondary parkinsonism. However,

brain MRI revealed normal findings in the present case as

well as in one other case (13). Our patient had a low density
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Table.　Findings of a Literature Review Compared with the Present Patient.

Case 

No.

Reference 

No.

Age at 

onset
Sex

Nature of 

exposure

Elapsed time 

between 

exposure and 

symptom onset

Motor symptoms
Other 

symptoms

Brain MRI 

findings

1 11 54 Male Spray 1 month Symmetrical 

Parkinsonism

None Hyperintensity 

on T2WI from 

substantia 

nigra to basal 

ganglia

2 12 44 Female Occupational 3 months Resting tremor, 

akinesia, rigidity 

in all limbs

None Bilateral 

hypointensity 

in globus 

pallidus on 

SWI

3 13 58 Female Spray 1 week Mask face, 

bradykinesia, 

cogwheel rigidity 

in all limbs

None Normal

Current 

case

38 Male Oral 

Ingestion

4 years Bradykinesia, 

right side 

dominant 

cogwheel rigidity

None Normal

SWI: susceptibility weighted imaging, T2WI: T2 weighted imaging

of dopamine transporters in the striatum, which suggested a

loss of dopaminergic neurons similar to that found in spo-

radic PD. However, MIBG myocardial scintigraphy findings

remained normal, and our patient did not have dysautono-

mia. These findings support our notion that glyphosate-

induced PD directly disturbed dopaminergic neurons via a

mechanism that differed from the accumulation of alpha-

synuclein. An experimental study showed that endogenous

α-synuclein levels in the SH-SY5Y neuroblastoma cell line

were markedly increased by paraquat, and to a lesser extent

by rotenone and maneb, but not by glyphosate (14). The

mechanism by which glyphosate leads to parkinsonism is

presumed to differ from the mechanism of PD, in which α-

synuclein deposits are noted in the central nervous system

and on peripheral nerves.

Some reports suggest that glyphosate may lead to parkin-

sonism via central nervous system injury (15-17). Glypho-

sate is an herbicide derived from glycine, and the neurotoxic

effects of glycine include the inhibition of neurotransmitters

and activities as a permissive cofactor for the activation of

N-methyl-D-aspartate (NMDA) receptors. The hyperactiva-

tion of NMDA receptors is thought to produce neurotoxic

effects (15). In vitro experiments have shown that glypho-

sate activates the apoptotic process and induces cell death

by phagocytosis (16). Others have suggested that glyphosate

provokes neurodegeneration in gamma-aminobutyric acid

and dopamine neurons (17).

One report from Taiwan examined 2,023 individuals who

had ingested glyphosate but focused only on the immediate

effects of glyphosate and not the delayed effects (10). Only

our patient developed symptoms four years after ingesting

glyphosate; the other three cases developed symptoms at 1

week to 3 months after glyphosate exposure (Table). There-

fore, this is the first report of the delayed effects of glypho-

sate ingestion.

One of the limitations of this case report is that we were

unable to strictly exclude the possible co-incidence of

young-onset PD and glyphosate exposure. However, in the

present case, the potential epidemiologic evidence and

young-onset of atypical parkinsonism with a history of in-

gesting a sublethal amount of glyphosate indicated that

glyphosate was related to the onset of PD in this patient.

Furthermore, previous reports (15-17) and our present find-

ings suggest the possibility of glyphosate-induced parkinson-

ism, including early onset parkinsonism, levodopa-

responsive parkinsonism without autonomic symptoms, and

pathophysiologic symptoms unrelated to α-synuclein.

Worldwide, glyphosate is commonly used to control

weeds. However, its neurotoxic effects and influences on the

nervous system remain unclear. We encountered a patient

who presented with levodopa-responsive parkinsonism four

years after glyphosate ingestion. Further studies are needed

to clarify the relationship between glyphosate exposure and

the onset of PD.
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