
MPP+ is a neurotoxin that damages neurons
responsible for motor control by binding to
dopamine transporters.

Often used in Parkinson’s disease (PD)
models due to how similarly MPP+-affected
neurons and PD-affected neurons act.

MPP+ induces mitochondrial dysfunction by
inhibiting complex I of the electron transport
chain, leading to ATP depletion and Na+/K+
pump failure.

Leads to sustained excessive
depolarization of the axonal membrane,
resulting in excitotoxicity and cell death.

Previous research outlines how MPP+ causes
neuron death but does not propose a model
to represent underlying mechanisms and
subsequent effects.

Objective: To model the effect of MPP+ and
subsequent ATP depletion on sodium-potassium
pump function, membrane voltage changes, and
neuronal firing rate and to assess at what
concentration MPP+ will cause cell death.
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Neuron failure first occurred at 0.04 mM
MPP+.

Neurons exposed to MPP+ depolarized
over time. The degree of change from the
baseline resting potential increased with
higher concentrations of MPP+.

Such depolarization also reduced the
neuron’s ability to hyperpolarize,
reducing firing ability (as seen in the
maximum spike voltage decrease).

Overall, for all concentrations of MPP+
exposure, the neuron demonstrated
decreased neuron firing, reduced ability to
hyperpolarize, and reduced ability to
transport Na+ and K+ ions.

Analysis

Discussion
Impact

Model serves as a predictive tool to quantify
the MPP+ concentration at which cell failure
occurs.
Contributes to Parkinson’s research by
providing insight into ATP-driven
neurodegeneration mechanisms on the
cellular level.
Acts as a cheap, convenient template to
model the effects of varying doses of
neurotoxins, like MPP+.

Limitations
Hodgkin-Huxley model does not account for
intracellular/extracellular Na+/K+ levels,
which contributes to rising resting membrane
potential

Hodgkin-Huxley also does not consider
calcium influx as a factor in causing cell
death.

Relationship between MPP+ dosage and
ATP depletion is based on limited data and a
sigmoid function, which could contribute to
discrepancies in accuracy
Uses arbitrary parameters that are not
entirely biologically accurate.
Only models a single neuron; interactions in
the scope of networks could hold more
complexity.

Future Work
Rerunning model with more specific
parameters defining cell death.
Collecting more data relating MPP+
concentrations and ATP depletion through
wet lab experiments.
Actual firing rates differed from theoretical
firing rates. Future research may investigate
the cause driving these variations.
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Using NEURON, we modeled a Hodgkin-
Huxley neuron and simulated the effects of
ATP depletion by adjusting sodium channel
conductance, passive leak conductance, and
leak reversal potential.

ATP levels were set to decay exponentially
over time, with decay rate dependent on
MPP+ concentration.

Sigmoid function was fit to two known
data points (91% decrease in ATP at 0.06
mM, 67% decrease in ATP at 0.05 mM)
to estimate ATP suppression at other
doses of MPP+.

Baseline ATP amount was calculated based
on 10 Hz firing rate.

Tested various MPP+ concentrations (0.01,
0.02, 0.03, 0.04, 0.05, 0.06, 0.07 mM) and
compared to a control (0.00 mM).

Neuron was stimulated with repeating
electrical pulses. Membrane voltage changes,
Na+ and K+ transport rates, and neuronal
firing rate were each recorded.

Neuron was considered dysfunctional
(neuron failure) if  membrane voltage failed to
depolarize above -36 mV for longer than 100
milliseconds.
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(on right) Graph of membrane
potential in neurons over time in
response to varying MPP+
concentrations, centered at
1480-1530 ms interval. At this
time point, neurons exposed to
concentrations of 0.04 mM and
greater were unable to reach the
threshold and fire an action
potential. All neurons exposed
to MPP+ also showed increased
depolarization.

(on left) Graph depicts membrane
voltage measured in millivolts
(mV) of the dopaminergic neuron
over time measured in
milliseconds (ms). The red dashed
line indicates initial dosage of
MPP+. Resting membrane
voltage increased over time for all
dosages of MPP+ but not for the
control. The most dramatic
difference from the control was
recorded in neurons exposed to
dosages of MPP+ of 0.04 mM
and more.

(on left) Graph of
maximum spike voltage
over time in response to
varying MPP+ doses.
Results indicate that as
MPP+ dosage increases,
maximum spike voltage
decreases over time. At
0.04 mM, there is a
noticeable drop-off that
becomes more dramatic
as MPP+ concentration
increases, showing death.

(above) Graph comparing theoretical and observed firing rates
of modeled dopaminergic neurons, based on concentration of
MPP+ exposure. Results show a disparity between theoretical
and actual firing rate, prompting further investigation and
refinement of model.  However, the prediction that increased
exposure to MPP+ would decrease firing rate held true, overall.

(above) Graph visualizing Na+ and K+ ion
movement out of and into the neuron,
respectively, for different MPP+ dosages. This
represents Na+/K+ pump activity in the modeled
neuron. Results indicate declining performance of
the Na+/K+ pump as MPP+ dosage increases.


