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There have been conflicting reports on the effect of 
acute dose treatment of PQ on the activity of antioxidant 
enzymes in Drosophila. In some of the earlier studies, 
acute exposure to PQ led to increased activity of SOD 
[17, 35], whereas, others have reported reduced activity of 
SOD at higher dose [37, 38]. In our study, flies exposed to 
multiple-dose of PQ showed a markedly decreased activity 
of both Cu/Zn-SOD and mitochondrial Mn-SOD in con-
trast to the acute exposure. Catalase, on the other hand, 
was increased by both single and multiple dose exposures. 
Increased SOD activity in the acute dose model suggests a 
transient adaptive response of antioxidant defense mecha-
nism against PQ-induced oxidative stress which could be 
reversible [17]. However, the lasting effect of the decreased 
activity of SOD in flies exposed to the multiple dose of 
PQ indicates irreversible deterioration of the antioxidant 
defense [39], which leads to sustained oxidative stress. The 

activity of AChE, a general biochemical marker of neural 
function, involved in cholinergic neurotransmission was 
significantly increased in both acute and multiple dose 
of PQ treatments, suggesting a biochemical response to a 
neurotoxic compound and the state of increased oxidative 
stress. However, the degree of increased AChE activity in 
flies exposed to multiple dose of PQ was lower compared 
to that of acute exposure. The reduction of AChE activity 
observed in the multiple dose treatment could be attrib-
uted to cholinergic dysfunction and degeneration, which 
is considered as an important contributor to PD symptoms 
[40, 41].

Maintaining a healthy population of mitochondria in a 
cell is an essential process in view of their role in energy 
production in the form of ATP. Mitochondrial damage 
is considered as one of the key abnormalities that are 
causally linked to neurodegeneration [14, 42, 43]. Pesti-
cides implicated in the pathogenesis of neurodegenerative 
disease are known to cause mitochondrial abnormalities 
[44].
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