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Abstract


Parkinson’s disease is characterized by disabling movements which are caused by the loss of dopaminergic neurons. A preferred drug would prevent the degradation of these neurons and stop further progression into later stages of the disease (Petzer et. al 2003). In MPTP model of Parkinson’s disease, MPTP is metabolized by MAO-B into a neurotoxin which causes the loss of dopamine neurons. A preferred drug would inhibit the formation of the neurotoxin and thus prevent the neuron degradation. Caffeine has been studied as one inhibitor of MAO-B and has lead to the discovery of the inhibitor 8-(3-chlorostyryl)-caffeine (CSC). A lowered activity of MAO-B and lowered incidence of Parkinson’s disease in smokers has sparked interest in searching for inhibitors in tobacco. Such searches for inhibitors has led to the discovery of the inhibitor 2,3,6-trimethyl-1,4-naphthoquinone (TMN) (Castagnoli 2004). Our study was designed to examine the variations in inhibition of various species (for beef, dog, rat, baboon, and monkey liver and human MAO-B and MAO-A homogenates) using TMN and CSC. From the experiments, the various species were found to have Ki’s for TMN from 5.4 µM  to 10.3 µM while for CSC the Ki’s were found from 44 nM to 84 nM. The information obtained from the current study is useful for gaining better understanding of MAO-B inhibition, potentially leading to new drugs that can effectively treat Parkinson’s disease.
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1. Introduction


Currently in the United States, an estimated 500,000 people currently suffer from Parkinson's disease. About 50,000 individuals are expected to be found with the disease next year as the average age of the population increases (NINDS 2001). Parkinson’s disease typically appears around the age of 60 with symptoms of reduced facial expression, softer tone of voice, slow movements, having an inability to move, stooped posture, and rigid limbs (NINDS 2001). Parkinson’s disease involves the loss of neurons that use dopamine as their neurotransmitter resulting in these 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 effectiveness of the treatment method diminishes with time (Petzer et. al 2003). A preferred drug would prevent the degradation of the dopaminergic neurons and stop further progression into later stages of the disease (Petzer et. al 2003). The purpose of the present study was to determine the differences in the amount of inhibition of the MAO-B enzyme in various species using 2,3,6-trimethyl-1,4-naphthoquinone and 8-(3-chlorostyryl)-caffeine (Figure 1) potentially leading to new drugs that can effectively treat Parkinson’s disease.
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50, 75 nM CSC Substrate concentrations (µM)
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NaPi Buffer (µL) 335 425 395 380 335

DMSO (µL) 20      ---       ---       ---       ---
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CSC (µL)       --- 20 20 20 20

25, 100, 500 nM CSC Substrate concentrations (µM)

0 15 30 45 60

NaPi Buffer (µL) 335 435 405 390 345

DMSO (µL) 20      ---       ---       ---       ---

Glycerol + 25      ---       ---       ---       ---

NaPi Buffer (µL)

Substrate (µL) 120 30 60 75 120

Protein (µL)       --- 25 25 25 25

CSC (µL)       --- 10 10 10 10
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Figure 1: 8-(3-chlorostyryl)-caffeine (I). 2,3,6-trimethyl-1,4-naphthoquinone (II).

2. Background 

2.1. MPTP Model


Studies that have been aimed at developing drugs that are neuroprotective or have improved therapeutic results have led to an MPTP model that suggests one possible origin of Parkinson’s disease. The MPTP model focuses on the chemical reactions 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 the metabolite MPP+. MPP+ is produced by monoamine oxidase B (MAO-B), Figure 2, an enzyme involved in redox reactions in neural mitochondrial outer membranes (Castagnoli et. al 2001.). The enzyme oxidizes MPTP into MPDP+ and produces MPP+ with a second oxidation step (Petzer et. al 2003). MPP+ is produced by MAO-B 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 cellular 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 by its dependence on MAO-B, the model has led to development of successful and useful drugs such as Eldeprenyl and Selegiline.
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Figure 2: The substrate MPTP (I) is catalytically oxidized by the MAO-B enzyme to the dihydropyridinium species (II).

2.2. 2,3,6-Trimethyl-1,4-naphthoquinone and 8-(3-Chlorostyryl)-caffeine

Research has shown that caffeine intake can reduce dopaminergic neural toxicity in MPTP models for Parkinson’s. As a result of these studies, 8-(3-chlorostyryl)-caffeine (CSC) has been found to have neuroprotective properties. The prevention of bioactivation of MPTP involves a competitive inhibition between CSC and the MPTP neurotoxin for human MAO-B.


More recently, 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 activity, 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 (Norman 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 these convincing results suggesting a relationship between smoking and lowered MAO activities, many researchers have focused their attention on MAO inhibitors in the components of tobacco using the 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 reversible MAO inhibitor isolated from tobacco, 2,3,6-trimethyl-1,4-naphthoquinone (TMN), is a neural protective agent in a mouse MPTP model (2001). 

3. Methods


Beef liver, baboon liver, rat liver, monkey liver, dog liver mitochondrial homogenate MAO-B, platelet rich plasma-human MAO-B and human placental MAO-A enzyme were all obtained from Castagnoli’s lab for the CSC and TMN studies. Beef liver mitochondrial homogenate MAO-B was also obtained from Edmondson’s lab for the CSC studies. Human liver MAO-B enzyme was obtained from Gentest for the TMN studies.


The substrate, 1-methyl-4-(-1-methyl-2-pyrrolyl)-1,2,3,6,-tetrahydropyridine oxalate salt (N-Me-Pyrr), is catalytically oxidized by the MAO-B enzymes to the dihydropyridinium species (MPP+), the latter being chemically stable and detectable at 420 nm. By measuring the absorbance at 420 nm the amount of enzyme activity on the substrate can be determined.

For all experiments, once the solutions were made and placed in the Eppendorf tubes, they were prewarmed for 15 minutes. After 15 minutes, an initial protein concentration of 3 mg/mL was added. The solution was then incubated for 30 additional minutes. After the incubation time, 20 or 40 (L of 70% perchloric acid was added to each solution to stop the reaction. The final solution was centrifuged for 8 minutes on the 16 g or 16,200 rpm setting. The absorbances of the resulting supernatants were then read at 420 nm.


For the CSC inhibition experiments, the samples were placed in Eppendorf tubes with concentrations of 0 nM, 25 nM, 50 nM, 75 nM, 100 nM, and 500 nM CSC. Each concentration of CSC had 0 (M, 15 (M, 30 (M, 45 (M, and 60 (M substrate concentrations added. A listing of the solution compositions for the CSC inhibitions studies are shown in Table 1. Specifically, for 0 nM, 50 nM, and 75 nM CSC samples, 335 (L, 425 (L, 395 (L, 380 (L, and 335 (L of 7.4 pH NaPi buffer was first added to blank, 15 (M, 30 (M, 45 (M, and 60 (M substrate concentrations. Then 120, 30, 60, 75, 120 (L of substrate was added to all of the CSC samples for the blank, 15 (M, 30 (M, 45 (M, and 60 (M substrate concentrations. For the 0 nM CSC, 20 (L of DMSO was added to 15 (M, 30 (M, 45 (M, and 60 (M substrate concentrations while in the 50 nM and 75 nM CSC had 20 (L DSMO added to only the blank sample. With the 50 nM and 75 nM CSC samples, 20 (L of the appropriate CSC solution was added to each of the blank, 15 (M, 30 (M, 45 (M, and 60 (M substrate concentrations to make the 50 nM and 75 nM CSC while in the 0 nM CSC, CSC was not added. 25 (L of Glycerol 7.4 pH NaPi buffer was added to the blank species in 0 nM CSC, 50 nM and 75 nM CSC samples. For 25 nM, 100 nM and 500 nM CSC samples, 335 (L, 435 (L, 405 (L, 390 (L, and 345 (L (L of 7.4 pH NaPi buffer was first added to the appropriate tubes. Then 120, 30, 60, 75, 120 (L of substrate was added to all of the CSC samples for the blank, 15 (M, 30 (M, 45 (M, and 60 (M substrate concentrations. For the 25 nM, 100 nM and 500 nM CSC samples, 10 (L of DMSO was added to the blank samples. Then 10 (L of CSC solution was added to each of 15 (M, 30 (M, 45 (M, and 60 (M substrate concentrations to make the 25 nM, 100 nM, and 500 nM CSC.  25 (L glycerol 7.4 pH NaPi buffer was added to all CSC samples in the blank samples. The protein was added, after prewarming with 25 (L to each of the 15 (M, 30 (M, 45 (M, and 60 (M substrate concentrations for all CSC samples.

Table 1: CSC Assay Method
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For TMN experiments, the samples were prepared with concentrations of 0 (M, 2 (M, 4 (M, 6 (M, and 8 (M TMN. Each concentration of TMN had a blank, 15 (M, 30 (M, 45 (M, and 60 (M of substrate added. A listing of the solution compositions for the TMN inhibitions studies are shown in Table 2. Specifically, the substrate concentrations were prepared by first adding 670 (L, 850 (L, 790 (L, 760 (L, and 670 (L of 7.4 pH NaPi buffer to the appropriate tubes. Then 240, 60, 120, 150, 240 (L of substrate was added to all of the TMN samples. For the 0 (M TMN samples, 40 (L of DMSO was added to each of blank, 15 (M, 30 (M, 45 (M, and 60 (M substrate concentrations. 40 (L of the appropriate TMN solution was added to each of the 15 (M, 30 (M, 45 (M, and 60 (M substrate concentrations. 50 (L of glycerol 7.4 pH NaPi buffer was added to the blank. 50 (L of protein was added to each of the samples, excluding the blanks, after prewarming for 15 minutes.

Table 2: TMN Assay Method


[image: image2.emf]0 µM TMN Substrate concentrations (µM)
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2-8 µM TMN Substrate concentrations (µM)

0 15 30 45 60

NaPi Buffer (µL) 670 850 790 760 670
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NaPi Buffer (µL)
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A Beckman UV-Vis spectrophotometer, was used for the CSC studies and a single beam was used so a blank was zeroed and read before every group of samples. A Varian UV-Vis spectrophotometer was used for the TMN studies and a double beam was used so two blanks were zeroed and used to create a baseline before samples were zeroed and read.


A Matlab program named kinetic_ss, created in Professor Rutan’s lab, was used to perform a nonlinear regression of the data to the equation below, to find the Ki values (Sanchez 2004).
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4. Results 

4.1 8-(3-chlorostyryl)-caffeine


The inhibitory potential of CSC against beef liver mitochondrial homogenate (obtained from Edmondson’s lab (Edmondson et al. 2002)) MAO-B enzyme activity at various concentrations of 50 nM, 100 nM, 200 nM, 500 nM, 1000 nM, 2000 nM, 5000 nM, 10,000 nM, 20,000 nM, 30,000 nM, and 40,000 nM was tested. The results suggested that CSC has no inhibition at the tested concentration against beef liver mitochondrial MAO-B activity. 


The inhibitory potential of CSC against beef liver mitochondrial homogenate (available in Castagnoli’s lab) MAO-B enzyme activity at the concentrations of 50 nM and 100 nM was tested. The results suggested that CSC has no inhibition against beef liver mitochondrial MAO-B activity.


The inhibitory potential of CSC against platelet rich plasma-human MAO-B enzyme activity at concentrations of 400 nM and 800 nM was tested. The results suggested that CSC has an average inhibition of 41.2% at the tested concentration against platelet rich plasma-human MAO-B activity. From the experiment, Figure 3, platelet rich plasma-human MAO-B enzyme was found to have a Ki value of 60 ± 24 nM.

________________________________________________________________________

Figure 3: In the figure, the points represent the experimental measurements while the curves represent the fit the predicted data.
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________________________________________________________________________

The inhibitory potential of CSC against baboon liver mitochondrial homogenate MAO-B enzyme activity at a concentration of 100 nM was tested. The results suggested that CSC has an average inhibition of 32.5% on the tested concentration against baboon liver mitochondrial MAO-B activity. From other trials, Figures 4-5, baboon liver mitochondrial enzyme was found to have an average Ki value of 84 ± 32 nM. 
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     Figure 4: 




        Figure 5:
In these figures, the points represent the experimental measurements while the curves represent the fit the predicted data.

________________________________________________________________________


The inhibitory potential of CSC against monkey liver MAO-B enzyme activity at a concentration of 200 µM was tested. The results suggested that CSC has an average inhibition of 59.0 % at the tested concentration against monkey liver MAO-B enzyme activity. From the trials, Figures 6-8, monkey liver MAO-B enzyme was found to have an Ki value of 44 ± 20 nM.

________________________________________________________________________
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     Figure 6: 




        Figure 7:



      Figure 8: 


In these figures, the points represent the experimental measurements while the curves represent the fit the predicted data. 
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_______________________________________________________________________

The inhibitory potential of CSC against rat liver MAO-B enzyme activity at a concentration of 200 µM was tested. The results suggested that CSC has no inhibition on the tested concentration against rat liver MAO-B enzyme activity. 


The inhibitory potential of CSC against dog liver MAO-B enzyme activity at a concentration of 200 µM was tested. The results suggested that CSC has an average inhibition of 24.3 % on the tested concentration against dog liver MAO-B enzyme activity. 


The inhibitory potential of CSC against human placental MAO-A enzyme activity at various concentrations of: 50 µM, 100 µM, and 200 µM was tested. The results suggested that CSC has no inhibition on the tested concentration against human placental MAO-A activity. 

4.2 2,3,6-Trimethyl-1,4-naphthoquinone

The inhibitory potential of TMN against dog liver MAO-B enzyme activity at concentrations of 0 µM, 2 µM, 4 µM, and 8 µM was tested. From the experimental results, Figure 9, dog liver MAO-B enzyme was found to have an average Ki value of 9.7 ± 1.8 µM.

________________________________________________________________________
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Figure 9: In the figure, the points represent the experimental measurements while the curves represent the fit the predicted data.

________________________________________________________________________


The inhibitory potential of TMN against baboon liver MAO-B enzyme activity at concentrations of 0 µM, 2 µM, 4 µM, and 8 µM was tested. From these experimental results, Figure 10, baboon liver MAO-B enzyme was found to have a Ki value of 9.4 ± 1.8 µM.

________________________________________________________________________
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Figure 10: In the figure, the points represent the experimental measurements while the curves represent the fit the predicted data.

________________________________________________________________________


The inhibitory potential of TMN against monkey liver MAO-B enzyme activity at concentrations of 0 µM, 2 µM, 4 µM, and 8 µM was tested. From the experimental results, Figure 11, monkey liver MAO-B enzyme was found to have an average Ki value of 10.3 ± 1.7 µM.

________________________________________________________________________
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Figure 11: In the figure, the points represent the experimental measurements while the curves represent the fit the predicted data.

________________________________________________________________________


The inhibitory potential of TMN against human liver MAO-B enzyme activity at concentrations of 0 µM, 2 µM, 4 µM, and 8 µM were tested. From the experiment, Figure 12, human liver MAO-B enzyme was found to have an average Ki value of 5.4 ± 0.4 µM.

________________________________________________________________________
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Figure 12: In the figure, the points represent the experimental measurements while the curves represent the fit the predicted data.

________________________________________________________________________


Summaries of all the inhibition results are shown in Tables 3 and 4.

Table 3: CSC Inhibition Results


[image: image4.emf]Species K
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% inhibition

Ed. Beef none none

Cast. Beef none none

Baboon 84±32 nM 32.5 at 100  nM

Monkey 44±20 nM 59.0 at 200 nM

Dog insignificant 24.3 at 200 nM

Rat none none

Human MAO-B 60±24 nM 41.2 at 400 nM

Human MAO-A none none


Table 4: TMN Inhibition Results
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Baboon 5.4±0.4 µM not determined

Monkey 9.4±1.8 µM not determined

Dog 10.3±1.7 µM not determined

Human MAO-B 9.7±1.8 µM not determined


5. Discussion


Although the data for the TMN Ki’s are more accurate, as indicated by the standard error values being lower, CSC is a more effective inhibitor than the TMN compound, since the Ki’s of CSC are in the nM range while TMN inhibits MAO activity in the µM range. The higher errors found with the CSC studies could indicate that the inhibition occurs with a different mechanism than the competitive model. As the CSC and TMN have different inhibition constants, this also suggests that the inhibition mechanism might be different for the two compounds.


The variation in species trends of susceptibility to inhibition was an intriguing aspect of the results.  Note, that the smaller the Ki, the stronger the inhibition effect. The monkey species had a Ki of 44 ± 20 nM with CSC while with TMN the Ki was 10.3 ± 1.7 µM. The Ki of the monkey species with CSC was the lowest in comparison to other species with TMN, however, the Ki was the highest of all the species. The human species had a Ki of 60 ± 24 nM with CSC while with TMN the Ki was 5.4 ± 0.4 µM. The Ki of the human species with CSC was one of the highest in comparison to the other species, but with TMN the Ki was the lowest of all the species. The baboon species had a Ki of 84 ± 32 nM with CSC while with TMN, the Ki was 9.4 ± 1.8 µM. The Ki of the baboon species with CSC and TMN was the highest in comparison to other species. The dog species had an insignificant Ki value with CSC while with TMN the Ki was 9.7 ± 1.8 µM. The CSC had a no inhibitory effect on the dog species while TMN the Ki was one of the lowest of all the species. The species vary when compared to one another in their susceptibility to CSC and TMN but even within the same species there was significant variation between CSC and TMN. From these findings there is a good indication that there are different interactions of between CSC and TMN and the active site of the MAO-B of the same species. A future study of inhibitor and MAO-B might be to study, in-silico, the differences in bonding interactions occurring among the species. Information obtained from such studies and the current study could help in developing a drug that effectively binds to and inhibits MAO-B as a treatment for Parkinson’s disease. 
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		0 µM TMN				Substrate concentrations (µM)

				0		15		30		45		60

		NaPi Buffer (µL)		670		850		790		760		670

		DMSO (µL)		40		40		40		40		40

		Glycerol +		50		---		---		---		---

		NaPi Buffer (µL)

		Substrate (µL)		240		60		120		150		240

		Protein (µL)		---		50		50		50		50

		TMN (µL)		---		---		---		---		---

		2-8 µM TMN				Substrate concentrations (µM)

				0		15		30		45		60

		NaPi Buffer (µL)		670		850		790		760		670

		DMSO (µL)		40		---		---		---		---

		Glycerol +		50		---		---		---		---

		NaPi Buffer (µL)

		Substrate (µL)		240		60		120		150		240

		Protein (µL)		---		50		50		50		50

		TMN (µL)		---		40		40		40		40
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		Species				Ki				% inhibition

		Ed. Beef				none				none

		Cast. Beef				none				none

		Baboon				84±32 nM				32.5 at 100  nM

		Monkey				44±20 nM				59.0 at 200 nM

		Dog				insignificant				24.3 at 200 nM

		Rat				none				none

		Human MAO-B				60±24 nM				41.2 at 400 nM

		Human MAO-A				none				none
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		Species				Ki		% inhibition

		Baboon				5.4±0.4 µM		not determined

		Monkey				9.4±1.8 µM		not determined

		Dog				10.3±1.7 µM		not determined

		Human MAO-B				9.7±1.8 µM		not determined






_1153676377.xls
Sheet1

		0 nM CSC				Substrate concentrations (µM)

				0		15		30		45		60

		NaPi Buffer (µL)		335		425		395		380		335

		DMSO (µL)		20		20		20		20		20

		Glycerol +		25		---		---		---		---

		NaPi Buffer (µL)

		Substrate (µL)		120		30		60		75		120

		Protein (µL)		---		25		25		25		25

		CSC (µL)		---		---		---		---		---

		50, 75 nM CSC				Substrate concentrations (µM)

				0		15		30		45		60

		NaPi Buffer (µL)		335		425		395		380		335

		DMSO (µL)		20		---		---		---		---

		Glycerol +		25		---		---		---		---

		NaPi Buffer (µL)

		Substrate (µL)		120		30		60		75		120

		Protein (µL)		---		25		25		25		25

		CSC (µL)		---		20		20		20		20

		25, 100, 500 nM CSC				Substrate concentrations (µM)

				0		15		30		45		60

		NaPi Buffer (µL)		335		435		405		390		345

		DMSO (µL)		20		---		---		---		---

		Glycerol +		25		---		---		---		---

		NaPi Buffer (µL)

		Substrate (µL)		120		30		60		75		120

		Protein (µL)		---		25		25		25		25

		CSC (µL)		---		10		10		10		10
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