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Parkinson’s Disease (PD)

Introduction Objectives Methods Results Conclusions

• Second most common 

neurodegenerative 

disorder;

• Symptomatology: 

motor and non-motor 

symptoms

1755-1824

HIRSCH et al., 2013, MOV DISORD

1817 
(200 years ago)



Major neuropathological aspects 

Introduction Objectives Methods Results Conclusions

• Loss of dopaminergic 

neurons particularly in the 

substantia nigra pars 

compacta, which leads to 

loss of dopaminergic 

terminals in the striatum;   

DAWSON & DAWSON, 2003, SCIENCE

Lewy bodies

• Presence of 
Lewy bodies 
(abnormal 
aggregates 
of proteins)  



Parkinson’s Disease vs. Pesticide Exposure

Introduction Objectives Methods Results Conclusions

• Experimental data shows 

that specific pesticides 

causes PD-related symptoms 

and neurochemical changes 

in animals;  

• Epidemiological data with 

humans show that PD is 

positively associated with 

pesticide exposure.
CORY-SLECHTA et al., 2005, EHP; TANNER et al., 2011, EHP 



Paraquat (PQ)

Introduction Objectives Methods Results Conclusions

• Herbicide highly used in Brazil;  

• Class 2, moderately toxic;

• Causes nigrostriatal

neurodegeneration in experimental 

models; 

• Exposure to PQ (in humans) was 

associated with increase in risk of PD. 

PEZZOLI & CEREDA., 2013, NEUROLOGY 



Maneb (MB)

Introduction Objectives Methods Results Conclusions

• A widely used fungicide

• Causes motor symptoms of PD in experimental 

animals

• Chronic exposure of humans to MB has been linked 

to the development of Parkinsonism 

MORATO et alL., 1989, NEUROTOXICOL TERATOL; FERRAZ et al., 1988, NEUROLOGY



PQ/MB – GEOGRAFICAL OVERLAP

Introduction Objectives Methods Results Conclusions



OBJECTIVES

Introduction Objectives Methods Results Conclusions

• Investigate whether early postnatal PQ/MB exposure 

would produce persistent neurotoxic effects in mice 

(focus on nigrostriatal system);

• Investigate whether early postnatal PQ/MB exposure 

would enhanced adult susceptibility to re-challenge with 

these same pesticides.
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Early postnatal exposure



Introduction Objectives Methods Results Conclusions

• Male Swiss mice: exposed to PQ + MB 

• Protocol number: PP00765/CEUA/UFSC

THIRUCHELVAM et al., 2002, NeuroToxicol

Early postnatal exposure

Control PQ + MB
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• Behavioral analyses (motor-related parameters)

(ARAS et al., 2014)

Open field
Rotarod

Beam walking

Pole test Slow movements

(KHARIV et al., 2013)

(SANTOS  et al., 2012)

(KHARIV et al., 2013)

Early postnatal exposure

Locomotor and 
exploratory 
activities

Motor 
performance

Coordination 
and balance

Bradykinesia
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• Biochemical and immunohistochemistry

Mitochondrial function 
(NADH dehygrogenase
Complex II)

Inflammatory 
parameters 
(IL-6, TNF-α)

Striatum

Striatum and 
substantia nigra

(Ellman, 1959; Misra & Fridovich, 1972; Aebi, 1974; Ohkawa et al., 1979;  
Wendel, 1981; Carlberg & Mannervik, 1985;  Fischer et al., 1985; Cassina

& Radi, 1996)

Marker of 
dopaminergic 
neurons: 
(Tyrosine 
hydroxylase – TH)

Early postnatal exposure
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Early postnatal exposure



Body weight
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Early postnatal exposure
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Colle et al., in preparation



Open field task
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Early postnatal exposure
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Rotarod and pole test

Introduction Objectives Methods Results Conclusions

Early postnatal exposure

Rotarod: latency to fall Pole test: latency to turn
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Beam walking

Introduction Objectives Methods Results Conclusions

Early postnatal exposure
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Striatal pro-inflammatory 
parameters
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Early postnatal exposure

Groups

Saline

PQ + MB

fg/mg protein

Colle et al., in preparation



Striatal mitochondrial 
complexes I and II

Introduction Objectives Methods Results Conclusions

Early postnatal exposure
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Saline PQ + MB
0

30

60

90

120

*

 T
H

+
  N

e
u

ro
n

s
 

(%
 o

f 
C

o
n

tr
o

l)

Substantia nigra
TH positive cells

Introduction Objectives Methods Results Conclusions

Early postnatal exposure

*p < 0.05
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Striatum 
TH staining
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Early postnatal exposure

**p < 0.01
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Adult re-challenge
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THIRUCHELVAM et al., 2002, NeuroToxicol

Adult re-challenge

• Males Swiss mice: exposed to PQ + MB 

• Protocol number: PP00765/CEUA/UFSC



Introduction Objectives Methods Results Conclusions

• Behavioral analyses (motor-

related parameters)

Open field

Rotarod

Beam walking

(KHARIV et al., 2013)

(SANTOS  et al., 2012)

(KHARIV et al., 2013)

Locomotor and 
exploratory 
activities

Motor 
performance

Coordination 
and balance

Fine 
coordination

Adult re-challenge

(CHEN et al., 2014)

Single pellet



(Fischer et al., 1985; Cassina & Radi, 1996)
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Adult re-challenge

Striatum

Striatum and
substantia nigra

• Biochemical and immunohistochemistry

Mitochondrial function 
(NADH dehygrogenase
Complex II)

Marker of 
dopaminergic 
neurons: 
(Tyrosine 
hydroxylase – TH)



Introduction Objectives Methods Results Conclusions

Adult re-challenge



Open field task
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Adult re-challenge
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Rotarod

Introduction Objectives Methods Results Conclusions

Adult re-challenge

*p < 0.05; **p < 0.1
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Beam walking

Introduction Objectives Methods Results Conclusions

Adult re-challenge

***p < 0.001 compared to control
##p < 0.01 and ###p < 0.001 compared to 
the  group exposed at both periods
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Single pellet
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Early postnatal exposure
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Striatal mitochondrial 
complexes I and II
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Adult re-challenge
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Substantia nigra
TH positive cells
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Adult re-challenge

Saline//Saline PQ + MB//Saline

Saline//PQ + MB PQ + MB//PQ + MB

Colle et al., in preparation



Substantia nigra
TH positive cells
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Adult re-challenge

**p < 0.01 compared to control
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Striatum 
TH staining
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Adult re-challenge

Saline//Saline PQ + MB//Saline
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Colle et al., in preparation



 mitochondrial complex I and 
II activity in the striatum; 

 TH levels in striatum and 
substantia nigra.

Conclusions
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Developmental exposureA



 mitochondrial complex I and 
II activity in the striatum; 

 TH levels in striatum and 
substantia nigra.

Conclusions

Introduction Objectives Methods Results Conclusions

Developmental exposure

Motor impairment;
 TH levels in substantia

nigra

High susceptibility

A

B
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Developmental exposure

Cory-Slechta et al., 2005, EHP












