
Parkinson’s disease (PD) is a progressive neurological disorder that affects millions of individuals 
worldwide. Growing evidence has suggested that chronic exposure to environmental toxins, 
including commonly used herbicides such as paraquat and glyphosate, may contribute to PD 
pathogenesis through mechanisms involving oxidative stress. In parallel, mild traumatic brain 
injury (mTBI) has been associated with dopaminergic dysfunction and an increased risk of PD. We 
utilized a multimodal MRI approach to examine microstructural alterations, resting-state 
functional connectivity, and cerebrovascular reactivity. this integrated approach aimed to provide 
insight into central and peripheral mechanisms underlying Parkinson’s disease.
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Adult Sprague-Dawley male (N=18) and female(N=18) rats staggered into 3 Cohorts vehicle, 
Paraquat, Glyphosate with each consists of 6 males and 6 females received daily oral dosage from 
Day 1–45. Diffusion-weighted imaging (DWI) was performed on Day 31. rmTBI was induced on 
Day 32–34. Behavioral assessment were occurred on Days 35–39. 2 weeks post-injury, fMRI, 
Functional connectivity and a follow up DWI was performed. finally, tissues were collected for 
further biomarker evaluation
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Functional connectivity 
network analysis across brain 
regions following pesticide 
exposure. Paraquat 
significantly reduced overall 
and regional brain 
connectivity compared to 
vehicle controls.

Pre- vs. Post-rmTBI Comparative Analysis

DWI revealed reduced ADC following chronic herbicide exposure and rmTBI, indicating restricted diffusion consistent with cytotoxic edema. 
Widespread reductions in FA suggest axonal injury and compromised white matter integrity, while localized increases in FA may reflect altered 
microstructural organization.
Statistical differences between treatment groups (Vehicle, Paraquat, Glyphosate) were evaluated using One-way ANOVA & Nonparametric 
Friedman test *P<0.05, ****p<0.0001

Herbicide exposure significantly enhanced hypercapnia-induced BOLD 
activation 45 days post-rmTBI. Paraquat elicited the largest increases in 
voxel-wise activation across multiple regions relative to vehicle controls, 
reflected by a greater number of positive BOLD voxels, suggesting 
altered cerebrovascular reactivity.
One-way ANOVA & Nonparametric Friedman test *P<0.05, 
****p<0.0001

The combination of elevated FA and 
reduced ADC following rmTBI suggests 
restricted diffusion with increased 
anisotropy, which may result from 
cellular swelling, reduced extracellular 
space, and early alterations in white 
matter organization.
One-way ANOVA & Nonparametric 
Friedman test *P<0.05, ****p<0.0001

• Diffusion-weighted imaging (DWI) revealed reduced ADC and FA following herbicide 
exposure, suggesting restricted diffusion consistent with cytotoxic edema and potential 
axonal damage.

•  Hypercapnia fMRI showed increased positive BOLD voxels, indicating altered 
cerebrovascular reactivity.

•  Functional connectivity analysis demonstrated reduced global and regional connectivity 
in the paraquat group compared with vehicle controls.

• Both paraquat and glyphosate groups exhibited reduced reward-evoked BOLD 
responses, suggesting impaired dopaminergic circuit function.

• Immunohistology will assess dopaminergic markers (α-synuclein, tyrosine hydroxylase) 
and microglial activation.

•  Biomarker analyses will metabolic dysfunction and systemic inflammation to investigate 
herbicide-induced neuroinflammation and oxidative stress.

Discussion
The reduced positive 
BOLD responses to 
reward stimulation in the 
paraquat and glyphosate 
groups suggest impaired 
activation of 
dopaminergic reward 
circuits, potentially 
reflecting dysfunction 
within the nigrostriatal 
and mesolimbic 
pathways.
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