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Mitochondrial dysfunction is clearly recognized as a hallmark of
neuronal failure in Parkinson’s disease. Inhibition of mitochondrial
Complex I is thoughtt o be the main contributor to this dysfunction.

1-methyl-4-phenylpyridinium (MPP+), the ultimate toxic metabolite
oft he neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP), has been used in cultured cells to inhibit Complex I and
induce cell death, buti ts effects on cellular energy utilization are not
well-defined.

We hypothesized that sublethal MPP+ treatment would lead to a
decrease in the bioenergetic function ofi mmortalized rat
mesencephalic N27 cells prior to cell death.

In this study, cellular bioenergetic function was quantified using a
Seahorse Bioscience XF24 Extracellular Flux Analyzer. A modified
protocol for monitoring mitochondrial function was used.1 Cellular
glycolytic function was also assessed.

Treatment with 300 µM MPP+ decreased the basal OCR to 21.0±3.1 pmol/min
from 102.4±2.4 pmol/min.

Non-mitochondrial oxygen consumption following MPP+ treatment was not
significantly different, indicating thatt he cells were not subjectt o an acute
oxidative stress.

In response to the inhibition of mitochondrial respiration, we also found that
the Extracellular Acidification Rate, used as a marker of glycolysis, increased in
concert with OCR inhibition.

Together these data indicate that MPP+ dramatically shifts bioenergetic
function away from the mitochondria and towards glycolysis in N27 cells.

1. Dranka BP, Hill BG, Darley-Usmar VM. Mitochondrial reserve capacity in endothelial cells: the impact 
of nitric oxide and reactive oxygen species. Free Radic Biol Med. 2010 Apr 1; 48(7):905-14. 
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Figure 2: Seahorse XF24 Analyzer technology. Panel A shows a schematic depiction oft he measurement
chamber utilized in this technique. The first well shows the optics in the resting position. For
measurements, the cartridge is lowered in all wells. The red and blue dots att he tips oft he sensor probes
are representative oft he fluorescent sensors quenched by either oxygen or protons. The Oxygen
Consumption Rate (OCR), and Extracellular Acidification Rate (ECAR) is determined from the slope oft hese
measurements, and is shown in B. Data shown are the means ± sem. n=3.
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Figure 1: Mitochondrial Electron
Transport Chain. This schematic of
the mitochondrial electron
transport chain (ETC) indicates the
flow of electrons through the chain
as well as inhibitors of electron
transport. These inhibitors are
used to interrogate mitochondrial
function as they can inhibitt he ETC
as different points. Rotenone is a
Complex I inhibitor thati s
commonly used in PD studies to
mimic the Complex I dysfunction
normally seen in these patients.
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Figure 4: Mitochondrial Function Analysis Assay. Using sequential injections of
oligomycin (1µg/ml), FCCP (3μM), and antimycin A (10μM), six specific parameters of
mitochondrial function can be determined. These are shown overlaid on the time-
resolved OCR graph (A), and can be plotted individually to compare differences in
treatment groups (B). The mitochondrial function assay concepti s shown
schematically in Panel C. Electrons enter the ETC through Complex I and are
sequentially passed down the ETC until they reach Complex IV where oxygen is
reduced to water. This process is coupled to the pumping of protons. Altering the flux
of protons through the two major reentry points (ATP Synthase and non-specific leak)
allows for determination oft he oxygen consumption due to each process.
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Figure 3: MPP+ inhibits mitochondrial oxygen consumption and
induces a compensatory increase in ECAR. After establishing baseline
OCR and ECAR readings, MPP+ (150µM) was injected. Changes in OCR
(A) and ECAR (B) were monitored for 4 h. These data were used to
plot a graphical representation oft he shifttoward glycolysis. Panel C
shows the OCR and ECAR data for the measurements in Panels A and
B plotted through time. An increase in ECAR and decrease in OCR
indicates a shifttowards glycolysis over time in N27 cells treated with
MPP+. Data shown are the means ± sem. n≥3 per treatment group.
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Figure 5: MPP+ inhibits mitochondrial function.
Mitochondrial function was assayed as described above (A).
MPP+ inhibited basal (B), and ATP-Linked (C) OCR in a
concentration-dependent manner. The apparent reserve
capacity is increased (D), in spite of decreased maximal OCR
(E). Data shown are the means ± sem. n≥3 per group.
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Figure 6: Removal of MPP+ allows for reversal of OCR inhibition and ECAR stimulation within 4 hours. N 27 cells were
treated with MPP+ for 4 h, and then the cells were washed and allowed to equilibrate in assay medium for 1 h. Basal OCR
and ECAR were then monitored over 8 h. OCR was restored to control levels (A) and ECAR decreased to control levels as
well within 4 h. Data shown are the means ± sem. n≥3 per treatment group.
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Figure 7: Rotenone and 6-Hydroxydopamine inhibit mitochondrial function irreversibly. N27 cells were treated with the
indicated concentrations of Rotenone (A) or 6-OHDA (B) for 4 h prior to analysis by mitochondrial function assay. Cells
were washed free of either compound during the assay media change. Data shown are the means ±sem. n=5 per
treatment group.
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