Rotenone as a nerutoxin model for Parkinson’s disease
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Introduction

Parkinson's disease(PD) is one of the most
common neurodegenerative disorders, the hallmark
being dopamine (DA) neuron loss resulting in locomo-
tory deficits. Scientists identified that a major factor
contributing to the development of the disease is
damage from the environment such as long term expo-
sure of neurotoxins or heavy metals.

To provide insight on the disease, multiple models
have been developed to test multiple aspects of the
disease. The majority of works are to test PD-linked
drugs for DA reduction and movement deficits.

Rotenone is a commercially available pesticide that
IS associated with PD. Rotenone has succesfully been
used as an environmental toxin model for larval zebraf-
ish [1]. The objective of this research is to assess the
viablity of using adult zebrafish as a model for PD
since the disease Is more relevant in older patients.

Materials and methods

Figure 1: Procedure for cerebroventricular
microinjection of Rotenone into adult ze-
brafish. CVMI technique consists of making
a small incision in the skull making way for
a microinjection needle to penetrate, dis-
persing the drug into the ventricular fluid
(A).

The injections were performed every two
days, a total of 4 times. 4 days after the last
iInjection, the fish were recorded using a
Nikon camera and Tracker© software to
asses the distance travelled for behavioural
assays; and then sacrificed and brain-dis-
sected. The brains were sectioned and cells
were visualized after staining with an an-
ti-GFP antibody using the ZEISS LSM880
confocal microscope.(B).

A trangenic line dat:eGFP was used which
GFP was driven by the gene promoter of Do-
pamine Transporter. This allowed dopamine
neurons to be labelled with GFP.
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Figure 2: Immunostains showing a 20% decrease in telencephalic DA level of adult zebrafish injected with
Rotenone. Frozen sections (20um thickness) of 10 month old dat:eGFP zebrafish injected with TmM, Rote-
none or 0.1% DMSO and immunostained with anti-GFP (green) (n=3).
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Figure 3: Midline crossings and distance show that adult zebrafish injected with Rotenone
have no distinct behavioral phenotype nor locomotory deficits. Adult zebrafish injected with
either TmM Rotenone, 1.5mM Rotenone or 0.1% DMSO were placed in a standalone tank
and were tracked for position every 10 milliseconds in a total time of 3 minutes to calculate
the distance traveled (right), or monitored at 4 minute intervals for the number of times
they crossed the midline of the tank (left) (n=3).
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Discussion

In the literature, conventional methods where fish
were treated with drugs dissolved in water had little
effects on DA loss. CVMI was used as a novel ap-
proach to increase delivery efficiency.

The telencephalic neuron population is of interest
because it is believed the DA clusters here are respon-
sible for locomotion and this region is close to where
the drug dispersed, making it a vulnerable cluster.

A significant reduction of DA neurons (~20%) was ob-
served but to see if this translated to locomotry deficits
2 behavioural assays were conducted. Zebrafish being
a very hyperactive species should exhibit differences
in locomotion with significant reduction of DA neurons,
therefore a decrease in distance travelled by the fish
can be a symptom of bradykensia which is a halimark
of PD. However, the results of the distance travelled
and midline crossing assays depict no distinct be-
havioural phenotype. This suggests a 20% decrease
was not enough to induce locomotory deficits.

This may be a limitation of the drug’s kinetics, as ro-
tenone is only retained in the skull for a few hours. It
may also be due to the fact that a large number of neu-
rons are still present to attenuate the loss. Another
possibilty is the telencephalic DA clusters are not in-
volved in locomotion but instead, the clusters project-
ing from the diencephalon to the subpallium are [2].

Future Works

To induce more loss of DA neurons, injection with in-
creased dosing would be done to increase exposure

time of rotenone to the brain

CVMI of other neurotoxins with faster kinetics, which
are more robust, may counteract Rotenone’s limita-

tions, and be more effecient.

Furthermore, other DA populations may also be im-
plicated in the locomotory pathway so future analysis
may shed further insight on aspects of this disease.
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