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NOVEL INHIBITORS OF ARACHIDONIC ACID FORMATION

Field of Invention

[0001] The invention relates to compositions and methods for treating,

moderating, and preventing inflammation. Specifically, the invention relates to

compositions useful for inhibiting the formation of arachidonic acids, which are

precursors of pro-inflammatory eicosanoids. The invention also relates to methods

of preparing and administering such compositions.

Background of the Invention

[0002] It is becoming increasingly recognized that increased inflammation is

strongly associated with, if not the underlying cause of, many disease conditions

including obesity, type 2 diabetes, cancer, heart disease, and neurological conditions

such as multiple sclerosis and Alzheimer's disease.

[0003] It has been shown that the regulation of certain eicosanoids, a class of

biologically active metabolites, can help control inflammation. While many anti-

inflammatory drugs directly target the production of pro-inflammatory eicosanoids,

e.g., by inhibiting the enzyme required in their production, an alternative and more

sophisticated approach would be to reduce the amount of substrate upstream in the

pathway, i.e., by regulating the formation of the precursors of pro-inflammatory

eicosanoids, namely arachidonic acid (AA). Since AA is produced by the enzyme

∆-5-desaturase (D5D), the synthesis and/or identification of specific inhibitors of

D5D can help to treat, moderate, and prevent inflammation. U.S. Patent No.

6,172,106, the entire disclosure of which is incorporated by reference herein, has

identified sesamol as a specific inhibitor of D5D. Unfortunately, sesamol is

believed to be potentially toxic. Additionally, although natural compounds such as

sesame lignans and curcumin have been demonstrated to exhibit inhibitory activity

on D5D, their complex structures make them difficult to synthesize. Furthermore,

sesame lignans also have potential toxicity. Hence, there is a need to develop non¬

toxic inhibitors of D5D that are easy to synthesize and can be produced on an

industrial scale.



Summary of the Invention

[0004] It has been discovered that the toxicity of sesamol can be reduced or

completely eliminated by preparing a carboxylic derivative of sesamol without

compromising its inhibitory effect on ∆-5-desaturase (D5D).

[0005] The invention thus provides compositions comprising a carboxylic

derivative of sesamol that are useful as anti-inflammatory agents. Specifically, the

derivative is non-toxic, or has a low toxicity that can be tolerated by mammals

including humans.

[0006] In some embodiments, the carboxylic derivative may comprise at least

one fatty acid. In other embodiments, the carboxylic derivative may comprise a

carboxylic acid derivative of polyethylene oxide, i.e., a polyethylene oxide with at

least one carboxylic acid terminal group. Both types of derivatives allow sesamol to

be released slowly in its active form, thus reducing any potential toxicity of the

composition. Such controlled release of sesamol also helps to modulate the activity

of D5D in a more consistent fashion.

[0007] . The compositions of the invention may be administered to human

patients that require treatment for conditions associated with inflammation.

Exemplary inflammation-associated conditions include, but are not limited to,

obesity, type 2 diabetes, cardiovascular disease, cancer, neurological disorders, as

well as any inflammatory conditions that cause pain. The compositions of the

invention also may be administered to non-human mammals for veterinary purposes.

[0008] In another aspect, the invention provides methods for inhibiting the

formation of arachidonic acid in a mammal by administering to the mammal a

composition comprising a non-toxic chemical derivative of sesamol. The non-toxic

chemical derivative may comprise a carboxylic derivative of sesamol. In some

embodiments, the sesamol may be derivatized with at least one fatty acid. The at

least one fatty acid may have a carbon chain comprising 2 to 22 carbon atoms.

Additionally, the at least one fatty acid may have a degree of unsaturation in the

range of 0 to 6 per fatty acid molecule. In one embodiment, the non-toxic chemical

derivative is sesamol oleate. In other embodiments, the non-toxic chemical



derivative may comprise a carboxylic acid derivative of polyethylene oxide. The

polyethylene oxide may comprise 2 to 400 repeating units.

[0009] Yet another aspect of the invention provides methods for moderating an

inflammatory response in a mammal by administering to the mammal a composition

comprising a non-toxic chemical derivative of sesamol. The non-toxic chemical

derivative may include the embodiments described above. The composition may be

administered via an enteral or parenteral route, and may comprise other biologically

acceptable carriers, excipients, or diluents. Supplementary active ingredients also

may be incorporated into the composition. The composition may be administered as

a nutritional supplement, and may be prepared in various forms including, but not

limited to, a capsule, a bar, a tablet, a powder, or a beverage package.

Brief Description of Figures

[0010] Fig. 1 illustrates the metabolic pathways leading to the production of pro¬

inflammatory eicosanoids.

[001 1] Fig. 2 shows the chemical structures of two embodiments of the

invention.

Detailed Description of the Invention

[0012] As shown in Fig. 1, the enzyme ∆-5-desaturase (D5D) is required for

converting dihomo gamma linolenic acid (DGLA) into arachidonic acid (AA).

Thus, being able to control the activity of D5D via a suitable inhibitor can

significantly reduce the production of AA, which in turn reduces the supply of the

substrate required to generate pro-inflammatory eicosanoids.

[0013] Sesamol is a chemical compound that has been shown to inhibit D5D

activity. However, sesamol is believed to be potentially toxic. The applicant has

discovered that the toxicity of sesamol can be significantly reduced by acylating the

free hydroxyl group of sesamol with a suitable carboxylic acid moiety, including

fatty acids and carboxylic derivatives of polyethylene oxide. Fig. 2 shows the

chemical structures of two sesamol compounds derivatized with a generic fatty acid

(compound Ia) and a carboxylic acid derivative of methoxy polyethylene oxide

(compound Ib), respectively. The variables m and n may be an integer in the range



of 1 to 11, and 2 to 400, respectively. Such derivatization also helps to enhance the

stability and bioavailability of the sesamol compound by attaching it to a

biologically inert hydrophilic (i.e., polyethylene oxide) or hydrophobic (i.e., fatty

acid) moiety.

[0014] Fatty acid derivatives of sesamol may be prepared from various fatty

acids. Natural fatty acids, either isolated from natural sources or made synthetically,

are preferred. Both saturated fatty acids and fatty acids with various degrees of

unsaturation may be used, depending on the physical properties that one desires to

impart to the invention. For instance, the fatty acid may have a degree of

unsaturation in the range of 0 to 6 per fatty acid molecule. The fatty acid may be of

various lengths and may have 2 to 22 carbon atoms per molecule. Fatty acid

derivatives are hydrophobic in nature, and thus can be incorporated into circulating

lipoproteins or cell membranes as a long-lived drug depot for sesamol. Examples of

suitable fatty acids include, but are not limited to, palmitic acid, oleic acid, linoleic

acid, alpha-linolenic acid, arachidic acid, gadoleic acid, 5,8,1 1,14,17-

eicosapentaenoic acid, and 4,7,10,13,16,19-docosahexaenoic acid. Fatty acid

derivatives of sesamol may be synthesized using standard organic chemistry via the

activation of the carboxylic group with an acid chloride, an acid anhydride, or other

activating agents such as 1,1 carbonyl diimidazole (CDI).

[001 5] In alternative embodiments, a hydrophilic derivative of sesamol may be

prepared by attaching a carboxylic acid derivative of polyethylene oxide to the

sesamol molecule. As used herein, "a carboxylic acid derivative of polyethylene

oxide" refers to a polymer of ethylene oxide with 2 to 400 repeating units having at

least one of the two hydroxyl terminal groups converted into a carboxylic acid

group. The other hydroxyl terminal group may remain underivatized or may be

modified. For instance, the other terminal group may be methoxylated or converted

into a second carboxylic acid group. The process of attaching one or more chains of

polyethylene oxide to a compound is often referred to as "pegylation." In this case,

the attachment of the hydrophilic polyethylene oxide moiety helps to increase the

lifetime of the sesamol compound in the plasma compartment, which after the

derivatization acts as a circulating depot. As the pegylated sesamol circulates in the



plasma, sesamol is being slowly released into the system, which helps to reduce its

toxicity.

[0016] The sesamol derivative may be delivered through traditional methods of

administration such as via the enteral or various parenteral routes. For enteral

administration, a composition comprising the sesamol derivative may be formulated

into a pill, a soft gelatin capsule, or other methods known to those skilled in the art

with or without other carriers, excipients, or diluents. Supplementary active

ingredients also may be incorporated into the composition. In preferred

embodiments, the composition comprising the sesamol derivative may be

formulated into a soft gelatin capsule with an appropriate oil (e.g., fish oil).

Parenteral administration may be through intravenous or subcutaneous injections.

For a sesamol derivative comprising polyethylene oxide, the composition may be

prepared as an aqueous solution, whereas if a fatty acid is used to derivatize the

sesamol compound, the composition may be prepared as an emulsion a liposome, or

a micellar formation. The sesamol derivative may be delivered neat or may be

combined with other pharmaceuticals or natural products (e.g., fish oil) that also

have anti-inflammatory benefits.

[0017] In other embodiments, the composition of the invention may be

consumed as a food product, for example, as a nutritional supplement. Preferably,

the food product comprises between about 1 gram and about 60 grams of

carbohydrate and between about 1 gram and about 40 grams of protein. More

preferably, both protein and carbohydrate are present in the food product at a ratio of

between about 0.5 and about 1.0 of protein to carbohydrate, inclusive. This ratio

helps to lower secretion of insulin, thus reducing the activating impact that insulin

has on D5D activity. Food products of the invention may be prepared in various

forms including, but not limited to, a food bar, a confection product (e.g., an ice

cream), a beverage (e.g., a ready-to-drink mix), a convenience food (e.g., a frozen

meal), and a stabilized meal.



[0018] The following examples are provided to illustrate further and to facilitate

the understanding of the invention and are not intended to limit the invention.

Example 1

Acylated Sesamol Derivatives

[0019] Fatty acid is activated using a 1:1 molar amount of 1,1 carbonyl

diimidazole in a dry benzene solution. The solution is taken to dryness at the

completion of the activation. To the dried compound is added an equimolar amount

of sesamol. The combined reactants are heated under vacuum at a low temperature

for 1-2 hours. The completeness of the reaction is determined by thin layer

chromatography. The acylated sesamol is then isolated by column chromatography

to yield the isolated invention. The physical state of the invention depends on the

chain length of the fatty acid and its degree of unsaturateon.

Example 2

Preparation of sesamol oleate

[0020] 17.7 mmoles of oleic acid was dissolved in 40 ml of dry benzene. To the

mixture was added 17.7 mmoles of 1,1 carbonyldiimidazole. The reaction to

activate the oleic acid was continued at room temperature until vigorous evolution of

carbon monoxide has ceased. The reaction was then driven to completion by driving

off the excess benzene under vacuum at 600C. To the neat activated oleic acid was

added 2 1 mmoles of sesamol. The mixture was heated at 6O0C for 2 hours under

vacuum with constant rotation. The crude reaction mixture was purified using 50

grams of silica gel 60 in 2x44 cm column eluting with hexane and increasing

percentages of acetone. The fractions containing the active compound were

collected and evaporated to dryness giving 10 mmoles of the sesamol oleate for a

56% yield. HPLC chromatography using a 98:2 cyclohexanone/isopropyl eluting

solvent give a single component with greater than 90% purity.

Example 3

Polyethylene oxide sesamol derivatives

[0021] Methoxy polyethylene oxide molecules of various chain lengths are

oxidized by KMnO4 to yield a carboxylic acid derivative. The carboxylic acid



derivative of methoxy polyethylene oxide is activated using a 1: 1 molar amount of

1,1 carbonyl diimidazole in a dry benzene solution. The solution is taken to dryness

at the completion of the activation. To the dried compound is added an equimolar

amount of sesamol. The combined reactants are heated under vacuum at a low

temperature for 1-2 hours.. The completeness of the reaction is determined by thin

layer chromatography. The acylated sesamol is then isolated by column

chromatography to yield the isolated invention. The physical state of the invention

depends on the chain length of the methoxy polyethylene oxide molecule.

[0022] Variations, modifications, and other implementations of what is

described herein will be occur to those of ordinary skill in the art without departing

from the spirit and the essential characteristics of the invention. Accordingly, the

scope of the invention is to be defined not by the preceding illustrative description

but instead by the following claims, and all changes that come within the meaning

and range of equivalency of the claims are intended to be embraced therein.

[0023] What is claimed is:



CLAIMS

1. A method for inhibiting the formation of arachidonic acid in a mammal

comprising administering to a mammal a composition comprising a non-toxic

derivative of sesamol.

2. The method of claim 1 wherein the non-toxic derivative comprises at least

one fatty acid.

3. The method of claim 2 wherein the at least one fatty acid comprises 2 to 22

carbon atoms.

4. The method of claim 2 wherein the degree of unsaturation of the at least one

fatty acid ranges from 0 to 6.

5. The method of claim 2 wherein the at least one fatty acid is selected from the

group consisting of palmitic acid, oleic acid, linoleic acid, alpha-linolenic acid,

arachidic acid, gadoleic acid, 5,8,1 1,1 4,1 7-eicosapentaenoic acid, and

4,7,10,13,16,1 9-docosahexaenoic acid .

6. The method of claim 2 wherein the non-toxic derivative comprises sesamol

oleate.

7. The method of claim 1 wherein the non-toxic derivative comprises a

carboxylic acid derivative of polyethylene oxide.

8. The method of claim 7 wherein the carboxylic acid derivative of

polyethylene oxide comprises 2 to 400 repeating units.

9. The method of claim 1 wherein the composition is prepared as a nutritional

supplement in a form selected from the group consisting of a capsule, a bar, a tablet,

a powder, and a beverage package.

10. A method for moderating an inflammatory response in a mammal

comprising administering to a mammal a composition comprising a non-toxic

derivative of sesamol.



11. The method of claim 10 wherein the administering step is carried out

enternally or parenternally.

12. The method of claim 10 wherein the composition is prepared as a nutritional

supplement in a form selected from the group consisting of a capsule, a bar, a tablet,

a powder, and a beverage package.
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