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RESEARCH PROPOSAL 
Determining Specie Disparities in MAO-B Inhibition Using

2.3.6-trimethy-1,4-naphthoquinone (TMN) Isolate From Tobacco.
Introduction & Background:


Currently in the United States, an estimated 500,000 people suffer from Parkinson's disease while 50,000 new cases are found each year. These figures are expected to increase as the average age of the population increases (NINDS 2001).  The disease appears around the age of 60 and can have the common symptoms of reduced facial expression, softer tone of voice, making slow movements, having an inability to move, stooped posture, and rigid limbs (NINDS 2001). Parkinson’s disease, a neurodegenerative disorder, involves the loss of neurons that use dopamine as their neurotransmitter and result in disabling movement conditions (Petzer et. al 2003). One of the current methods for the treatment of the Parkinson’s involves dopamine replacement therapy with aims of restoring dopaminergic neurons that were lost (Petzer et. al 2003). The treatment is highly favorable for the symptoms of the early stages of Parkinson’s disease but the effect of the treatment method diminishes with time (Petzer et. al 2003). A preferred drug would prevent the degradation of the dopaminergic neurons or stop further progression into later stages of the disease (Petzer et. al 2003).


Studies that have been aimed at developing drugs that are neuroprotective or have improved therapeutic results have led to a MPTP model that suggests a possible origin of Parkinson’s disease. The model focuses on the chemical progresses associated with the neutrotoxin 1-methyl-4-phenyl-1,2,3,6 tetrahydropyridine (MPTP) (Petzer et. al 2003). The toxic effects of MPTP actually result from MPP. MPP+ is produced by monoamine oxidase B (MAO-B, an enzyme involved in redox reactions in neural mitochondrial outer membranes (Castagnoli et. al 2001.)), when the enzyme oxidizes MPTP into MPDP+ and then with a second oxidation that results in MPP+ (Petzer et. al 2003). MPP+ is produced in the astrocytes of the brain and is taken into dopaminergic neurons by dopamine transporters (Castagnoli 2004). The neurotoxin accumulates in the mitochondria and inhibits the complex I of the cell process of respiration (Castagnoli 2004). With the loss of energy resources, cell death commonly occurs (Castagnoli 2004). In the model, with the increase of MPP+ neurotoxin there is a sequential loss of dopaminergic neurons. Although the model is limited on its dependence on MAO-B, the model has led to development of successful and useful drugs such as Eldeprenyl and Selegiline.

With current studies, researchers have found that tobacco smokers have a lowered amount of MAO-B activity in blood platelets and the brain (Castagnoli 2004). Along with reduced activity, smokers have also been found to have a lower incidence of Parkinson’s disease in comparison to non-smokers (Castagnoli 2004). The correlation has led researchers to identify possible relationships between MAO, smoking and Parkinson’s disease (Castagnoli 2004). Norman et al. found a dose dependent inverse relationship for tobacco smoke and the activity of human platelet MAO-B (1987). Studies using positron emission tomography (PET) allowed researchers to find a 40% reduction in activities of MAO-B in the human brain (Fowler et al. 1996b.) With convincing results of a relationship between smoking and lowered MAO activities, many researchers have focused their attention on MAO inhibitors in the components of tobacco using a mouse MPTP model. Since DNA studies imply that mammals contain more or less the same number of genes and similar genes, if there is neural protection of mice in the MPTP model from a compound then there should also be neural protective properties in humans from that same compound. Carr and Basham found that treating mice with MPTP chronically and treating with (S)-nicotine, 4-phenylpyridine or hydrazine led to no neural protective properties (1991). Castagnoli  et al. established that a MAO inhibitor isolated from tobacco, 2.3.6-trimethy-1,4-naphthoquinone (TMN), is a neural protective agent in a mouse MPTP model (2001). Our current study aims at determining the value of inhibition in mammal MPTP models, including a human MAO-B MPTP model, in hopes of determining the effectiveness of TMN as a neural protective agent and insight into possible Parkinson’s disease drug treatment. 
Research Goal:


To determine the differences in the amount of inhibition of various species using
TMN isolate from tobacco.
Experimental Design:

MAO Inhibitory Assay Protocol-

Enzyme Sources: 


As sources of MAO-B enzyme, beef liver, monkey liver, baboon liver mitochondrial homogenates will be obtained from Castagnoli’s lab and human MAO-B and insect MAO control will be obtained from BD Biosciences Discovery Labware.
Substrate:

1-methyl-4-(1-methyl-2-pyrrolyl)-1,2,3,6-tetrahydropyridine will be used as the substrate.

Instrument:


Varian Ultraviolet/Visible (UV-Vis) spectrophotometer: Electromagnetic radiation from wavelengths of 200 nm to 800 nm in the visible and ultra violet regions are emitted by the instrument and can be absorbed by compounds with multiple bonds (ONU 2003). The instrument is designed so that the amount of light absorbed at each wavelength can be measured (ONU 2003). The absorbances of electromagnetic radiation are then plotted against the actual wavelengths of light to produce an absorbance spectrum (ONU 2003). The wavelength were a peak occurs is characteristic of the species being studied while the height gives information about the concentration of the species (ONU 2003).
Principle of the Assay:


The substrate 1-methyl-4-(1-methyl-2-pyrrolyl)-1,2,3,6-tetrahydropyridine (I) is catalytically oxidized by the MAO-B enzymes to the dihydropyridinium species (II), the latter being chemically stable at 420 nm. By measuring the absorbance at 420 nm on the spectrophotometer for all of the samples, including the appropriate blanks and positive controls for comparison and validity, the amount of enzyme activity on the substrate can be suggested.
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Procedure:


The samples will be placed in eppendorf tubes with concentrations of 0 nM, 25 nM, 50 nM, 75 nM, 100 nM, and 500 nM TMN. Each concentration of TMN will have 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations added. After the solutions are prewarmed for 15 minutes, an initial protein concentration of 3 mg/mL will be added. The solution will then incubated for 30 minutes. After the incubation time, 20 (L of 70% perchloric acid will be added to each solution to stop the reaction. The final solution will be centrifuged for 8 minutes on the 16,000 x g. setting. The absorbances of the resulting supernatants will then be read at 420 nm on the Varian UV-VIS spectrophotometer.

For 0 nM, 50 nM, and 75 nM TMN samples, 335 (L, 425 (L, 395 (L, 380 (L, and 335 (L of 7.4 pH NaPi buffer will be added to 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. Then 120, 30, 60, 75, 120 (L of substrate will be added to all of the TMN samples for the 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. For the 0 nM TMN sample, 20 (L of DMSO will be added to each of 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations while in the 50 nM and 75 nM TMN had 10 (L of DSMO will be added to only the 0 (M substrate concentration. With the 50 nM and 75 nM TMN samples, 20 (L of TMN solution will be added to each of the 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations to make the 50 nM and 75 nM TMN while in the 0 nM TMN, TMN will not added. Glycerol 7.4 pH NaPi buffer will be added to all samples; with 25 (L being added to 0 nM TMN and 10 (L being added to the 50 nM and 75 nM TMN samples. 25 (L of protein is added, after prewarming for 15 minutes, to each of the 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations for all TMN samples.


For 25 nM, 100 nM and 500 nM TMN samples, 360 (L,  351.1 (L, 321.1 (L, 306.1 (L,  and 261.1 (L of 7.4 pH NaPi buffer will be added to 0 (M, 15 (M, 30 (M, 45 (M, and all the TMN samples for the 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations. For all of the TMN samples, 10 (L of DMSO will be added to the 0 (M substrate concentration. Then for all the samples 10 (L of TMN solution will be added to each of 0 (M, 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations to make the 25 nM, 100 nM, and 500 nM TMN.  25 (L glycerol 7.4 pH NaPi buffer will be added to all TMN samples. 25 (L of protein is added, after prewarming for 15 minutes, to each of the 15 (M, 30 (M, 45 (M, and 64 (M substrate concentrations for all TMN samples.

Possible Results

The Km of human MAO-B from Discovery Labware will be analyzed in MATLAB, since the species hasn’t been analyzed before and the value will be needed for the inhibition assay. The method of analyzing the inhibition will be also evaluated for a more efficient and effective means using MATLAB. The results of inhibition in the current study will affect whether or not future analysis of the nature of inhibition of TMN in the MAO-B enzyme will be performed. In MPTP model with mice, Kay and Neal Castagnoli found that with TMN the 60% loss of dopamine-producing neurons is reduced to 40% (Service 2000). Such results suggest that TMN is a good inhibitor of MAO, although the compound may not necessarily be a strong inhibitor. Not much is known about the TMN inhibitor in other species or information as to whether or not the compound is what is helping smokers retain their dopamine levels. Thus the current study’s aim is to gather more information about the compound in hopes of getting closer to new drugs that can effectively treat Parkinson’s.
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