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I.  Introduction
A.
Flavonoids:  An Overview


Flavonoids are compounds that exist in plants as secondary metabolites.  They can be found in vegetables, fruits, legumes, herbs, seeds, and flowers.  Therefore, they are part of the human diet.  Over 4000 flavonoids have been identified and purified with their structures determined (1).  These compounds are subdivided according to their chemical structures into six classes:  flavanones, flavones, flavonols, isoflavonoids, anthocyanins, and flavans (2).
Flavonoids have been reported to have numerous medicinal effects, including anti-oxidant, vasoprotective, anti-inflammatory, mutagenic, anti-viral, anti-bacterial, and anti-tumor (1-2).  Thus, they help protect against cancer and heart diseases.  Dietary intake of flavonoids is estimated to be between 23 mg/day to 1000 mg/day (2).  They are absorbed from the gastrointestinal tract and excreted either unchanged or as metabolites in urine and feces.  However, little is known about the mechanisms of absorption and metabolism of flavonoids.
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The defining structure of flavonoids consists of two fused rings, an aromatic ring A and an oxygen containing heterocyclic ring C attached by carbon-carbon bond to an aromatic ring B.  Substituents attached to any of the numbered positions determine the class of flavonoid to which the compound belongs.

Several investigations have determined correlations between flavonoid structural features and anti-oxidative and free radical scavenging activities (1, 2-7).  [Lipid oxidations and free radicals are known to damage cell structures, such as the membrane.]  The hydroxyl group at carbon position three, which is shared by flavonoids kaempferol, morin, quercetin and myricetin, seems to play a part in the inhibition of lipid oxidation (7).  Other characteristics include the double bond between carbon positions two and three (1), the carbonyl group in carbon position four, and the catechol functional groups on the aromatic ring B (1, 7).
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B.  Membrane Affinity of Flavonoids
While the anti-oxidative and radical scavenging characteristics of flavonoids have been established, studies on membrane permeability of these compounds have been limited.  The absorption and metabolism of flavonoids depend on whether these compounds partition into lipid structures such as low-density lipoprotein particles and bilayer membranes.  However, the effect of structural modification on affinity of flavonoids for low-density lipoprotein particles and bilayer membranes has not been well defined.

Hydrophobicity is a measure of how insoluble (undissolvable) a given molecule is when in water or other polar liquids.  Compounds that are hydrophobic typically are lipophilic (“fat soluble”).  The partition coefficient (Kp) formula in Appendix A is one mode of measurement for hydrophobicity.  The proposed investigation is to determine how key functional groups, particularly hydroxylated groups, can affect the hydrophobicity and more importantly, the membrane affinity (vital characteristic for drug candidates) of mono- and di-hydroxylated flavones.
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Partition coefficient (Kp) values for the commercially available mono-hydroxyflavones have been determined in experiments performed this semester.  In addition, preliminary results from the high performance liquid chromatography experiments indicate a strong correlation between Kp values with retention times on reverse phase (C8 and C18) columns, which correlates hydrophobicity to membrane affinity.

The main objective for this research is to develop a mathematical model to estimate flavonoid hydrophobicity and to predict membrane affinity, according to the number of hydroxyl (-OH) groups around the A and B aromatic rings.  Early results have already established a general association between the number of hydroxyl groups in the compound and the compound’s water solubility.
II.
Methodology

A.  Experimental design
The hydrophobicity of the mono- and di-hydroxyflavones will be determined by the classic shake flask method (8, 9) using 1-octanol (which is hydrophobic) and water.  An outline for the procedure is in Appendix A.  Essentially, the flavonoid sample will be partitioned between the 1-octanol phase and the aqueous phase.  The more hydrophobic the compound, the greater will be the tendency to partition into the 1-octanol phase.
To correlate hydrophobicity to membrane affinity, the retention times on an artificial immobilized membrane (IAM)—which have been used as a more accurate measure of membrane surface affinity in recent years—will be measured and compared to the log Kp values obtained from the shake flask method.

B.  Compounds to be used

The experiments will include flavonoids such as chromone (which lacks the B ring in the generic structure), flavone (the generic structure plus carbonyl group at carbon 4), monohydroxyflavones (3-, 5-, 6-, 7-, 2’-, 3’-, and 4’), and dihydroxyflavones (3,2’-; 3,3’-; 3,4’-; 3,6-; 3,7-; 5,7-; 5,3’-; and 5,4’-)

C.  Analysis of data:

By measuring the Kp values at several temperatures, the value of the free-energy change associated with the transfer of the flavonoid from the aqueous phase to the 1-octanol phase can be estimated.  The effects on the free-energy of transfer from the attachment of hydroxyl groups at specific flavone positions will be observed and tabulated.  A linear or nonlinear model will be derived from these free-energy values to predict log Kp values for the dihydroxyflavones.  The model will then be examined for validity by comparing the predicted log Kp values to experimental values.  Furthermore, the correlations between the log Kp values and the IAM retention times should clarify how the structure affects the affinity of flavonoids for membrane surfaces.
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Apprendix A:  Shake Flask Method

1) Dissolve approximately 1 mg of flavonoid in 15mL of MOPS buffer solution (at pH 7.4, saturated with 1-octanol) in a 50mL conical tube.
2) Vortex the tube for 5 minute.

3) Inject the mixture inside into 1.5mL centrifuge tubes.  Centrifuge the tubes at 10000 rpm for 10 minutes.

4) Collectively remove the supernant (flavonoid saturated) in each tube into three 3.5mL UV-Vis cuvettes.

5) Centrifuge the cuvettes at 3000 rpm for 15 minutes.

6) Insert the cuvettes into a pre-baselined UV-Vis Spectrophotometer for reading at 
22ºC, 12ºC, and 32ºC
7) Add 10μL [or multiples of 10μL ] of 1-octanol (saturated with MOPS) into each cuvette.  Centrifuge each cuvette at 3000 rpm for 20 minutes.

8) Repeat steps 6) and 7) until absorption is near 0.

9) Calculate Partition Coefficients:
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where A0 is abs of stock and A1 is absorbance after addition of octanol and Vw is volume of MOPS and Vo is total volume of 1-octanol added.
� EMBED Equation.3  ���
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