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OILS WITH ANTI-INFLAMMATORY ACTIVITY CONTAINING NATURAL
SPECIALIZED PRORESOLVING MEDIATORS AND THEIR PRECURSORS

[0001] The application claims priority to United States patent application number 61/645,281, filed
on May 10, 2012,

FIELD OF THE INVENTION
[0002] The invention relates generally to the fields of natural products, inflammation, pathology,
and medicine. More particularly, the invention relates to Specialized Proresolving Mediators
(SPMs) and SPM precursors obtained from natural sources, and their use in nutritional supplements
and pharmaceutical and cosmetic formulations for ameliorating inflammation and diseases having

an inflammatory component.

BACKGROUND OF THE INVENTION

[0003] Inflammation is a complex biological response that animals make in attempt to remove or
neutralize pathogens, irritants, or cell damage, and to initiate healing of injured tissues. The
classical physical symptoms of inflammation include dolor (pain), calor (heat), rubor (redness),
tumor (swelling), and functio laesa (loss of function). Initiation of an inflammatory response is
associated with the activation of polymorphonuclear leukocytes (neutrophils), monocytes, and
tissue macrophages. Activation of these cells unleashes a cascade of pro-inflammatory signaling
events mediated by various small molecules and peptides, including prostaglandins, leukotrienes,
chemokines and cytokines, and activated complement factors. These signaling events stimulate
cellular chemotaxis, endothelial permeability, vasodilation, stimulation of sensory nerves, and
activation of coagulation, which in turn lead to the physical symptoms of inflammation. Of
importance, it is now understood that also the termination of inflammation, resolution, is an
actively regulated part of the inflammatory response which involves a coordinated set of cellular
and molecular events in order to restore tissue structure and function.

[0004] While inflammation is beneficial and indeed required for good health, it can also go awry
and cause disease. For example, reperfusion injury following ischemia (e.g., in myocardial
infarction or ischemic stroke) stimulates an acute inflammatory response that can damage tissue.
And when a normal inflammatory response fails to terminate (resolve) alter removal of the original

stimulus, chronic inflammation can ensue. Chronic inflammation damages healthy tissue and can
1
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cause or aggravate a number of different diseases including, e.g., atherosclerosis and other diseases
of the vascular system, asthma, acne, psoriasis, rheumatoid arthritis, chronic obstructive pulmonary
disease, cystic ibrosis, inflammatory bowel disease, and different kinds of autoimmune disease.
Chronic inflammation has also been associated with type-2 diabetes, obesity, Alzheimer's disease,
and cancer.

[0005] The resolution of inflammation is now recognized to constitute an active physiological
process that forms an integral part of the inflammatory response. Resolution as the disappearance of
the inflammatory exudate, and restoration of proper tissue structure and function, is mediated by
several different molecular and cellular mechanisms. These include the clearance and metabolic -
destruction of inflammatory cytokines; formation of anti-inflammatory mediators such as
transforming growth factor-beta, interleukin-10, annexin A1, and lipoxin A4; apoptosis of pro-
inflammatory neutrophils; active recruitment of immunoregulatory monocytes/macrophages and
cosinophils; and efferocytosis and egress of inflammatory leukocytes. Of particular relevance, it has
been discovered that a family of substances collectively named Specialized Proresolving Mediators
(SPMs) are central regulators of resolution. SPMs have potent anti-inflammatory activities (namely
they reduce neutrophil infiltration), actively stimulate the removal and disappearance of the
inflammatory exudate, expedite clearance of infection, and stimulate wound healing. SPMs are a
genus of recently characterized lipid mediators identified in resolving exudates of inflammatory
lesions, and comprise enzymatically oxygenated derivatives of long chain polyunsaturated fatty
acids such the omega-3 polyunsaturated fatty acids (0)-3 PUFA) eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA). SPMs have potent agonistic activities on specific G protein-coupled
receptors, thereby activating different aspects of the resolution of inflammation. The SPMs consist
of several different families of long chain w-3 PUFA-derived lipid mediators: resolvins, protectins
and maresins — members of each of which control the duration and magnitude of inflammation by
stimulating endogenous resolution mechanisms (Bannenberg & Serhan, 201(0).

[0006] The biosynthesis of SPMs involves the positional and stereospecific incorporation of one or
two molecules of molecular oxygen into a polyunsaturated fatty acid, catalyzed by substrate- and
positionaliy-selective fatty acid oxygenases such as lipoxygenases, cyclooxygenase type-2 when
acetylated by aspirin, and several cytochrome P450 oxidases. The PUFA which are currently best
understood to act as substrate for the formation of SPMs are EPA and DHA.

[0007] The first step in the endogenous formation of SPMs involves the enzymatic oxygenation of

a long chain w-3 PUFA in a stereochemically-defined manner leading to the formation of specific
2
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fatty acid hydroperoxides. The fatty acid hydroperoxides can be transformed to SPMs via several
biosynthetic routes. The first is a reduction of the hydroperoxyl group to form the corresponding
monohydroxylated fatty acid. Some of these monohydroxylated products function as intermediate
precursors for a subsequent enzymatic oxygenation to form dihydroxylated and trihydroxylated
SPMs. For example, 17-hydroxy-docosahexaenoic acid (17-HDHA), the product of a 15-
lipoxygenase-catalyzed oxygenation with DHA, is the substrate for the formation of four distinct
trihydroxylated resolvins RvDI1, RvD2, RvD3, and RvD4. In this manner, 17-HDHA can be
considered an SPM precursor. In a different biosynthetic pathway, the first formed fatty acid
hydroperoxide can rearrange enzymatically to form an epoxide and is thereafter hydrolyzed
enzymatically, to form a dihydroxylated product. Examples of such dihydroxylated lipid mediators
are protectin DI and maresin 1.

[0008] EPA and DHA thus constitute endogenous substrates in the bodies of animals and humans
from which the /n vivo formation proceeds to form EPA- and DHA-derived resolvins (so called E-
series and D-series resolvins, respectively), and DHA-derived protectins and maresins, which are
dihydroxylated and trihydroxylated EPA and DHA derivatives with potent anti-inflammatory and
resolution-activating activity in vivo (Bannenberg and Serhan, 2010). The resolvins, protectins,
and maresins are SPMs and act as endogenous receptor ligands or allosteric modulators to potently
activate cellular responses that concertedly activate anti-inflammatory actions and expedite,
stimulate, and trigger the resolution of inflammation. Furthermore, several enzymatically formed
epoxide derivatives of EPA and DHA are now also known to possess potent anti-inflammatory
activity themselves as well (Wagner, 2011) and are considered as SPMs here. Prior literature has
also described the presence of several PUFA-derived lipid mediators in their free carboxylic acid
form in cells and tissue of trout and anchovy (Pettitt, 1989; Hong, 2005; Oh, 2011; Raatz, 2011).
The formation of SPMs occurs endogenously within the bodies of organisms, in several tissues and
cell types, and occurs intracellularly. The substrate for SPM formation are the free carboxylic acid
forms of EPA and DHA: these free fatty acids have been liberated by a phospholipase trom
membrane phospholipids containing EPA and DHA. There is no prior description that SPMs which
are naturally formed within the cells or tissues of living organisms can be found outside the body of
an animal or human being.

[0009] Several SPMs have now been synthesized by chemical synthesis methods. The synthetic
SPMs have been instrumental in the delineation of the chemical structures and activity of the SPMs

formed by cells in the bodies of animals. Also, structural analogues of SPMs have been synthesized
3
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by chemical synthesis methods. The advantage of synthetic forms of SPMs is their well-controlled
purity. However, chemical synthesis of SPMs is a technically challenging and expensive process,
since it is difficult to obtain the precise stereochemistry and double bond geometries that are
important for bioactivity. It is therefore of high interest to have access to and obtain large quantities
of the naturally bioactive forms of the SPMs.

[0010] Of particular relevance to the current invention, some of the monohydroxylated and
epoxygenated derivatives constitute biosynthetic intermediates with more potent anti-inflammatory
activity than EPA and DHA since they are more proximate intermediates in the biosynthesis of
several SPMs than EPA and DHA themselves. These intermediate precursors are therefore
considered SPM precursors,

[0011] It is of interest to note that several other long chain omega-3 PUFA, such as
docosapentaenoic acid (co-3), can also be transformed into oxygenated derivatives by the same
oxygenases, with some derivatives having marked anti-inflammatory activity. There are also long
chain omega-6 PUFA-derived anti-inflammatory and resolution-stimulating (proresolving) lipid
mediators, such as lipoxin A4 formed through two enzymatic oxygenation steps from arachidonic
acid, prostaglandin D2 formed from arachidonic acid by cyclooxygenases which gives rise to
dehydration products with potent anti-inflammatory activity, and lipid mediators derived from
docosapentaenoic acid (co-6) with anti-inflammatory activities. In this respect it is important to
understand that also arachidonic acid is an essential long chain PUFA, like EPA and DHA, and is
usually present in all organisms that also contain long chain w-3 fatty acids.

[0012] Even though the chemical structures of several SPMs are now known and their anti-
inflammatory and pro-resolving activities have been studied in some detail in different
experimental models of inflammation, no nutritional supplement, cosmetical formulation, or
approved pharmaceutical formulation that contains an SPM has been developed for the inhibition or
resolution of inflammation.

[0013] Because increased blood levels of EPA and DHA are associated with decreased incidence
of, and propensity to develop, cardiovascular disease, the oral supplementation of omega-3 PUFA-
containing oils is increasingly being used to ameliorate inflammation with some degree of success.
The anti-inflammatory potential of dietary long chain co-3 PUFA is widely believed to be related to
the increase in tissue levels of EPA and DHA. Augmenting endogenous levels of EPA and DHA is
commonly believed to favor an anti-inflammatory status through competition for the endogenous

formation of the inflammation-activating eicosanoids derived from the omega-6 PUFA arachidonic
4
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acid (AA), the formation of EPA-and DHA-derived 3-series prostaglandins and thromboxane with
much lower inflammatory potency and efficacy, and biophysical changes within membrane
domains and membrane proteins which modulate immune cell function. However, recent research
has shown that long chain w-3 PUFA are serving as endogenous substrates for the enzymatic
formation of endogenous SPMs which act as autacoids to functionally antagonize inflammation and
which actively expedite resolution. This recent recognition that EPA and DHA act as the
physiological substrate for the formation of autacoids which drive the resolution of inflammation,
affords renewed understanding of the essential nature of long chain co-3 PUFA for human health. It
is now well established that increased consumption of EPA and DHA-containing foods increase the
tissue levels of these w-3 PUFA. More recently, it has been shown that dietary supplementation
with EPA and DHA indeed permits a measurable increase in the endogenous formation of some
EPA- and DHA-derived oxygenated lipid mediators in humans (Anta, 2005; Shearer, 2010; Mas,
2012).

{0014] Long chain polyunsaturated fatty acids containing an omega-3 double bond are naturally
formed by algae and other microorganisms forming the basis of the biotrophic chain of transfer of
long chain co-3 fatty acids such as EPA and DHA (Gladyshev, 2013) Mammals depend on the
adequate supply of EPA and especially DHA through dietary sources, mainly through consumption
of fish containing significant tissue levels of EPA and DHA which have upon their turn obtained
these essential PUFA from the food chain. Mammals including man can endogenously synthesize
EPA and DHA from alpha-linolenic acid, however the efficiency of this conversion is very limited
and not adequate for the requirements for EPA and DHA. Dietary intake of EPA- and DHA-
containing foods, and dietary supplementation with oils containing significant levels of EPA and
DHA, are currently viewed as appropriate means to obtain a daily intake that can significantly
increase the levels of long chain co-3 PUFA and thereby attain an increased capacity to lower the
intensity and duration of inflammatory reactions and disease.

[0015] Dietary requirements vary with age and life stage, and the essential nature of EPA and DHA
for human health is therefore conditional. Circumventing the dependence of the substantial human
need for long chain co-3 PUFA on the natural food chain and growing global human demands for
long chain co-3 PUFA sufficiency, recent progress in biotechnology has permitted the creation of
e.g. transgenic plants and microorganisms endowed with the biosynthetic capacity to form long

chain co-3 PUFA such as EPA and DHA (Petrie, 2012).
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[0016] Dietary supplementation with oils containing long chain w-3 PUFA is currently achieved by
consumption of formulations which encompass many different presentations. The oils currently
employed consist for the largest part (in volumes consumed) of EPA- and DHA-containing oils
extracted from fish, of which the Peruvian anchovy makes up a substantial part. Other oils include
those extracted from e.g. salmon and tuna. There is available a variety of different grades of oils
ranging from oils which have been cold-pressed and which have undergone very few steps to only
clear the oil from color or odorous substances present in the oil, to oils which have been selectively
concentrated towards obtaining a specific long chain co-3 fatty acid. Fish oils containing modest
concentrations of long chain co-3 PUFA (usually up to approximately 30%), or with concentrations
increased by distillation to approximately 55%, are used widely in nutritional supplements for the
treatment of, for example, hypertriglyceridemia, and for vascular and eye health. One good example
of a long chain 03-3 PUFA concentrate made from fish oil which can currently be produced at
industrial scale for the pharmaceutical sector contains 97% EPA in the form of an ethyl ester.
[0017] General methods involving lipid chemistry, industrial processes relating to oils and fatty
acids, and conventional pharmaceutical sciences, are described in: (Remington, 2005; Martinez,
2007; Gunstone & Padley, 1997; Shahidi , 2005).

[0018] The fish oil industry currently manufactures a range of different EPA- and DHA-containing
oil grades. FPA and DHA-containing oils are also extracted from other organisms such as krill,
squid, algae, yeasts, protozoa, and from transgenic plants endowed with genes coding for enzymes
that permit the biosynthesis of EPA and DHA and other long chain w-3 PUFA such as stearidonic
acid (SDA). Formulations available on the market for human consumption range from oils as such,
encapsulated oils, emulsions, and stabilized powders, In all cases, the objective is to provide dietary
supplements and pharmaceutical ingredients which aim to provide sufficiently high doses to
humans to aid in augmenting endogenous tissue levels of EPA and DHA. Although relatively rapid
absorption and redistribution of EPA and DHA into specific cell types, platelets and lipoproteins in
the circulation can be measured (within 24 hours), it is generally accepted that the health-promoting
actions of EPA and DHA upon oral consumption need significant time due to the supposed
requirement that increased tissue levels of EPA and DHA need to be build up and which takes
several weeks to months of taking doses of at least several hundreds of milligrams of EPA and
DHA every day.

[0019] A characteristic of the need to provide EPA and DHA as essential nutrients for lowering

inflammatory reactions, and preventing and treating inflammatory conditions, is that the
6
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endogenous enzymatic conversion of EPA and DHA, attained by dietary food intake and specific
supplementation, to SPMs is a multistep enzymatic process which involves the liberation of
phospholipid-bound EPA and DHA by phospholipases, followed by one or more enzymatic
oxygenation reactions catalyzed by specific fatty acid oxygenases to form the active SPMs. These
processes function adequately under healthy conditions, however low EPA and DHA tissue levels,
as well as limited or inadequate conversion in the tissues of the body of long chain polyunsaturated
fatty acids to SPMs are considered to contribute to, predispose to, or underlic inflammatory

conditions and exaggerated inflammatory reactions.

BRIEF DESCRIPTION OF THE INVENTION

[0020] Various aspects of the disclosure relate to a method of producing an anti-inflammatory or
resolution-stimulating fractionate comprising the steps of: a) detecting an SPM or SPM precursor in
an oil; b) fractionating the oil into a plurality of fractions; ¢) measuring the anti-inflammatory or
resolution-stimulating activity of at least one of the fractions; and d) optionally repeating steps a, b,
and/or ¢, until a fractionate containing at least one SPM or SPM precursor and having anti-
inflammatory or resolution-stimulating activity is obtained.

[0020A] Various aspects of the disclosure relate to a fractionate of a naturally occurring oil
comprising Specialized Proresolving Mediators (SPMs) or SPM precursors including at least
I8HEPE and 17HDHA, wherein the fractionate has anti-inflammatory or resolution stimulating
activity.. Also claimed are nutritional supplements comprising such a fractionate as well as
compositions comprising such a fractionate and an excipient or carrier. Such a fractionate may be
for use in reducing inflammation, stimulating resolution of inflammation, lowering macroscopic
and physical signs of inflammation or in treatment of an inflammatory condition as disclosed
herein.

[0021] The invention is based on the surprising discovery that Specialized Proresolving Mediators
(SPMs) and SPM precursors are present in oils extracted from organisms containing long chain co-
3 PUFA. Oils containing at lcast one SPM or SPM precursor and having anti-inflammatory or
formulations, comprising an effective amount of an oil with anti-inflammatory or resolution-
stimulating activity. These supplements and formulations thus constitute anti-inflammatory and
proresolving compositions that can be manufactured in large quantities and do not require the

addition of expensive chemically-synthesized SPMs,
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[0022] Although methods and materials similar or equivalent to those described herein can be used
in the practice or testing of the present invention, suitable methods and materials are described below.
In the case of conflict, the present specification, including definitions will control. In addition, the
particular embodiments discussed below are illustrative only and not intended to be limiting. Other
aspects of the present invention will be evident for a person skilled in the art in view of the description
of the invention.

[0022A] Various aspects of the disclosure relate to a composition comprising Specialized
Proresolving Mediators (SPMs) or SPM precursors including at least 18-HEPE (18-hydroxy-
eicosapentaenoic acid), 17-HDHA (17-hydroxy-docosahexaenoic acid) and 14-HDHA (14-hydroxy-
docosahexaenoic acid), wherein the composition has anti-inflammatory or resolution stimulating
activity.

[0022B] Various aspects of the disclosure also relate to an ex vivo method of producing an anti-
inflammatory or resolution-stimulating composition comprising the steps of: a) detecting an SPM or
SPM precursor in an oil, wherein the SPM or SPM precursor comprises 14-HDHA, 17-HDHA, and
18-HEPE; b) fractionating the oil into a plurality of fractions; ¢) measuring the anti-inflammatory or
resolution-stimulating activity of at least one of the fractions; and d) optionally repeating steps a, b,
and/or c, until a fractionate containing at least one SPM or SPM precursor and having anti-
inflammatory or resolution-stimulating activity is obtained.

[0022C] Various embodiments of the claimed invention also relate to a fractionate comprising
naturally occurring Specialized Proresolving Mediators (SPMs) or SPM precursors, wherein the
SPMs or SPM precursors comprise 18-HEPE (18-hydroxy-eicosapentaenoic acid), 17-HDHA (17-
hydroxy-docosahexaenoic acid) and 14-HDHA (14-hydroxy-docosahexaenoic acid), wherein the
fractionate has anti-inflammatory or resolution stimulating activity, and wherein the 17-HDHA is
present in an amount of at least 100 mg/L.

[0022D] Various embodiments of the claimed invention also relate to a fractionate comprising
naturally occurring Specialized Proresolving Mediators (SPMs) or SPM precursors, wherein the
SPMs or SPM precursors comprise 18-HEPE (18-hydroxy-eicosapentaenoic acid), 17-HDHA (17-
hydroxy-docosahexaenoic acid) and 14-HDHA (14-hydroxy-docosahexaenoic acid), wherein the
fractionate has anti-inflammatory or resolution stimulating activity, and wherein the 17-HDHA is
present in an amount of about 100 mg/L.

[0022E] Various embodiments of the claimed invention also relate to an ex vivo method of producing

an anti-inflammatory or resolution-stimulating naturally occurring fractionate comprising the steps
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of: a) detecting an SPM or SPM precursor in an oil, wherein the SPM or SPM precursor comprises
14-HDHA, 17-HDHA, and 18-HEPE; b) fractionating the oil into a plurality of fractions; c)
measuring the anti-inflammatory or resolution-stimulating activity of at least one of the fractions;
and d) repeating steps a, b, and/or c, until a fractionate containing 100 mg/L or more of 17-HDHA is
obtained.

[0022F] Various embodiments of the claimed composition may be useful in reducing inflammation
or stimulating resolution of inflammation, or useful for lowering macroscopic and physical signs of
inflammation.

[0022G] Various apsects of the disclosure relate to a method of producing a remodeled triglyceride
having a glycerol backbone and three fatty acids chemically bound thereto, the method comprising:
(a) providing an oil containing SPMs and/or SPM precursors including at least one of 18-HEPE, 17-
HDHA, or 14-HDHA, (b) esterifying at least a portion of the SPMs and/or SPM precursors in the oil
to form esterified SPMs and/or SPM precursors including one or more of 18-HEPE ethyl ester, 17-
HDHA ethyl ester, or 14-HDHA ethyl ester, (¢) purifying the oil to increase a relative amount of 18-
HEPE ethyl ester, 17-HDHA ethyl ester, or 14-HDHA ethyl ester present in the oil, and (d)
transesterfying the esterified SPMs and/or SPM precursors to form the remodeled triglyceride,
wherein at least one of the fatty acids of the remodeled triglyceride comprises 18-HEPE, 17-HDHA,
or 14-HDHA.

[0022H] Various apsects of the disclosure relate to a remodeled triglyceride having a glycerol
backbone and three fatty acids chemical bound thereto, wherein at least one of the fatty acids of the
remodeled triglyceride comprises 18-HEPE, 17-HDHA, or 14-HDHA.

[00221] Various apsects of the disclosure relate to a pharmaceutical or nutraceutical composition
comprising remodeled triglycerides having a glycerol backbone and three fatty acids chemically
bound thereto present in a capsule shell, wherein at least one of the fatty acids of the remodeled

triglycerides comprises 18-HEPE, 17-HDHA, or 14-HDHA.

[0022J] Embodiments of the invention disclosed and claimed herein may be useful for lowering the

macroscopic and physical signs of inflammation in a subject.

[0022K] Embodiments of the invention disclosed and claimed herein may be useful for treating an

inflammatory condition in a subject.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0023] The above and other objects, features and advantages of the present invention will be more
clearly understood from the following detailed description taken in conjunction with the
accompanying drawings, in which:
[0024] FIG.1A-H shows the effect alter oral administration of a series of consecutively eluted oil

fractions (number 1-8, respectively), obtained by industrial-scale SFC fractionation of an
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fraction 1, carried out in order to determine the relative abundance of the stereoisomers 17S5-
HDHA and 17R-HDHA in the ethyl ester oil fractions 1-8, obtained after alkaline hydrolysis
(top panel).

[0028] FIG. 4 shows the anti-inflammatory effect of oil fraction 1 and 17S-HDHA
administered by gavage in a murine model of peritoneal inflammation induced by
intraperitoneal administration of the yeast membrane extract zymosan A.

[0029] FIG. SA-C show the presence of several specific SPMs and SPM precursors in
different oil fractions.

[0030] FIG. 6A-B, show that selective enrichment of specific SPMs and SPM precursors can
be achieved by SFC fractionation of a long chain ®-3 PUFA concentrate.

[0031] FIG. 7 shows the resolution of inflammation stimulated by a SPM precursor-

containing oil.

DETAILED DESCRIPTION OF THE INVENTION

[0032] It has been discovered that SPMs and SPM precursors are contained in oils derived
from natural sources including fish, crustaceae (krill), algae (long chain ®-3 PUFA-producing
algae), mollusks, and from other organisms containing long chain ®-3 PUFA. This permits
the production of oils with anti-inflammatory and resolution-stimulating activity purposefully
containing or enriched with one or more Specialized Proresolving Mediators (SPMs) and
SPM precursors from natural sources, as well as nutritional supplements, pharmaceutical
formulations, and cosmetical formulations containing these oils, and methods of using such
supplements and formulations to treat or prevent inflammatory conditions and diseases
associated with inflammation, by inhibiting inflammation or stimulating the resolution of
inflammation. The below described embodiments illustrate representative examples of these
methods and compositions. Nonetheless, from the description of these embodiments, other
aspects of the invention can be made and/or practiced based on the description provided
below. Unless otherwise defined, all technical terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs.

[0033] A first aspect of the present invention is formed by oils that have anti-inflammatory or
resolution-stimulating activity characterized in that they contain or are enriched with at least
one SPM or SPM precursor, wherein the SPM or SPM precursor originates from an oil

obtained from organisms containing long chain -3 fatty acids.
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[0034] As used in the present invention, the term “enriched” refers to an oil containing
Specialized Proresolving Mediators (SPMs) and/or SPM precursors when it contains a higher
level of SPMs and/or SPM precursors than the source from which it was made.

[0035] As used in the present invention, the term “Specialized Proresolving Mediator (SPM)”
relates to a PUFA-derived enzymatically-oxygenated derivative which has potent anti-
inflammatory and resolution-activating activity and which acts as endogenous regulator of
the inflammatory response to bring an inflamed tissue back towards its non-inflamed and
healthy state. SPMs act as endogenous receptor ligands or allosteric modulators to potently
activate cellular responses that concertedly activate anti-inflammatory actions and expedite,
stimulate, and trigger resolution of inflammation.

[0036] As used in the present invention, the term “SPM precursor” refers to an enzymatically
oxygenated derivative of a PUFA which requires an additional enzymatic reaction to convert
it to a SPM. An SPM precursor is a more proximate substrate for the endogenous formation
of an SPM than the corresponding PUFA substrate itself.

[0037] These oils contain or are enriched with at least one SPM or SPM precursor that
originates from an oil extracted from organisms containing long chain -3 PUFA, preferably
fish, crustaceae, algae, and mollusks, or other long chain ®w-3 PUFA-containing organisms,
such as other marine organisms, plants, microbial organisms, and transgenic organisms
endowed with the capacity to form long chain m-3 polyunsaturated fatty acids.

[0038] SPMs that may be present in oils extracted from natural sources include the

following:

resolvin E1  (RvE1; 5S,12R,18R-trihydroxy-cicosa-6Z,8E,10E,14Z,16E-pentacnoic
acid),

18S-resolvin E1  (18S-RvEl; 58,12R,18S-trihydroxy-eicosa-6Z,8E,10E,14Z,16E-
pentaenoic acid),

20-hydroxy-RvE1 (5S,12R,18R,20-tetrahydroxy-cicosa-6Z,8E,10E,14Z,16E-
pentaenoic acid),

resolvin E2  (RvE2; 58,18-dihydroxy-eicosa-6F,827,117,147,16E-pentaenoic acid),
resolvin E3  (RvE3; 17,18R-dihydroxy-eicosa-57,8Z,11Z,13E,15E-pentaenoic acid),
18S-resolvin E3  (18S-RvE3; 17,18S-dihydroxy-eicosa-57,87,11Z,13E,15E-

pentaenoic acid),

10
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17,18-epoxy-eicosa-57,87,11Z,13E,1 5E-pentaenoic acid,

lipoxin As; (LXAs; 55,6R,15S-trihydroxy-eicosa-7E,9E,112,13E,17Z-pentaenoic
acid), 15-epi-lipoxin A5 (LXAj; 58,6R,15R-trihydroxy-eicosa-7E,9E,117,13E,17Z-
pentaenoic acid),

maresin 1 (MaRl; 7R,14S-docosa-4Z,8E,10E,12Z,167Z,19Z-hexacnoic acid),

7S-maresin 1 (75-MaR1; 75,148-docosa-4Z,8E,10E,127,167.,19Z-hexacnoic acid),
7S,14S-diHDHA (78,14S-dihydroxy-docosa-4Z,8E,10Z,12E,16Z,19Z-hexaenoic
acid),

protectin D1 (PD1; 10R,17S-dihydroxy-docosa-4Z,7Z,11E,13E,157,19Z-hexaenoic
acid),

10S,17S-HDHA  (10S,17S-dihydroxy-docosa-4Z,7Z,11E,13Z,15E,19Z-hexaenoic
acid),

145,21S-diHDHA (148,21S-dihydroxy-docosa-4Z,77,10Z,12E,16Z,1 9Z-hexaenoic
acid), 14S,21R-diHDHA (14S,21R-dihydroxy-docosa-47,7Z,10Z,12E,16Z,19Z-
hexaenoic acid),

14R,21S-diHDHA (14R,218-dihydroxy-docosa-47,77.,10Z,12E,16Z.,19Z-hexaenoic
acid),

14R,21R-diHDHA (14R,21R-dihydroxy-docosa-4Z,77Z,10Z,12E,167.,1927-
hexaenoic acid),

135,14S-epoxy-DHA  (13S5,14S-epoxy-docosa-4Z,72,9E,11E,162,19Z-hexaenoic
acid),

16,17S-diHDHA  (16,17S-dihydroxy-docosa-47,77,10Z,12E,14E,19Z-hexaenoic
acid), 16,17-epoxy-DHA  (16,17-epoxy-docosa-47,77,10Z,12E,14E,19Z-hexaenoic
acid), resolvin D1 (RvD1; 7S,8R,17S-trihydroxy-docosa-4Z,9E,11E,13Z,15E,19Z-
hexaenoic acid),

resolvin D2 (RvD2; 7S,16R,17S-trihydroxy-docosa-4Z,8E,10Z,12E 14E,19Z-

hexaenoic acid),

resolvin D3 (RvD3; 4S,11R,17S-trihydroxy-docosa-57,7E,9E,137,15E,19Z-

hexaenoic acid),

11
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resolvin D4 (RvD4; 48,5,17S-trihydroxy-docosa-6E,8E,10Z,13Z,15E,19Z-

hexaenoic acid),

resolvin D5 (RvD35; 7S,17S-dihydroxy-docosa-5Z,8E,10Z,137,15E,19Z-hexaenoic

acid),

resolvin D6 (RvD6; 4S5,17S-dihydroxy-docosa-5E,77,10Z7,147 16E,19Z-hexaenoic

acid),

aspirin-triggered resolvin D1 (AT-RvD1; 7S,8R,17R-trihydroxy-docosa-
47 9E,11E,13Z,15E, 19Z-hexaenoic acid),

aspirin-triggered resolvin D2 (AT-RvD2; 7S,16R,17R-trihydroxy-docosa
47.8E,10Z, 12E,14E,19Z-hexacnoic acid),

aspirin-triggered resolvin D3 (AT-RvD3; 45,11,17R-trihydroxy-docosa-
SZ,TE,9E,13Z,

15E,19Z-hexaenoic acid),

aspirin-triggered resolvin D4  (AT-RvD4; 48,5,1 7R-trihydroxy-docosa-6E,8E,10Z,
137,15E,19Z-hexaenoic acid),

aspirin-triggered resolvin D5 (AT-RvD35; 7S,17R-dihydroxy-docosa-
5Z,8E,10Z,13Z, 15E,19Z-hexaenoic acid),

aspirin-triggered resolvin D6 (AT-RvD6; 4S,17R-dihydroxy-docosa-
SE,772,10Z,14Z, 16E,19Z-hexaenoic acid),

7S,17S-diHDPA n-3  (7S,17S-dihydroxy-docosa-8E,10Z,137,15Z7,19Z-pentaenoic
acid (©-3))

lipoxin A4 (LXAg4; 5S,6R,15S-trihydroxy-eicosa-7E,9E,11Z,13E-tetracnoic acid),

15-¢pi-lipoxin Ay (15-epi-LXAg4; 55,6R,15R-trihydroxy-eicosa-7E,9E,11Z,13E-
tetracnoic acid),
deltal2-prostaglandin J, (deltal2-PGJ5; 11-ox0-15S-hydroxy-prosta-5Z,9,12E-

trienoic acid)

15-deoxy-deltal2,14-prostaglandin J, (15-deoxy-deltal2,14-PGJ, ; 11-oxo-prosta-
57.,9,12E,14E-tetracnoic acid)

12
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11(12)-epoxy-eicosatetraenoic acid (11(12)-EpETE; 11(12)-epoxy-eicosa-
57.,87.,147,177Z-tetracnoic acid)

17(18)-epoxy-eicosatetraenoic acid (17(18)-EpETE; 17(18-epoxy-¢cicosa-
57.87,117,147-tetracnoic acid)

19(20)-epoxy-docosapentaenoic acid  (19(20)-EpDPE; 19(20)-epoxy-docosa-
47.,77,107,13Z,16Z-pentacnoic acid)

10S,17S-HDPA n-6  (10S,17S-dihydroxy-docosa-4Z,77,11E,13Z,1 5E-pentaecnoic

acid),
7,17-HDPA n-6 (7,17-dihydroxy-docosa-4Z,8E,10Z,13Z,15E-pentaenoic acid),
7,14-HDPA n-6 (7,14-dihydroxy-docosa-47,8E,10Z,127,167Z-pentaenoic acid),

10S,17S-HDPA n-6  (10S,17S-dihydroxy-docosa-7Z,11E,13Z,15E,19Z-pentacnoic

acid), and
7,17-HDPA n-6 (7,17 dihydroxy-docosa-8E,10Z,13Z,15E,19Z-pentaenoic acid).

Examples of the presence of these compounds in oils and oil fractions are shown in Examples
1-3.
[0039] Precursors of SPMs that may be present or enriched in oils extracted from
natural sources include the following. Examples of the presence of these compounds in oils
and oil fractions are shown in Examples 1-3.
5S-HEPE (5S-hydroxy-eicosa-6E,87,117,147.,177-pentaenoic acid);
11S-HEPE  (11S-hydroxy-cicosa-57,87.12E,14Z,17Z-pentacnoic acid);
12S-HEPE  (128-hydroxy-eicosa-57,87,10E,14Z,17Z-pentaenoic acid);
12R-HEPE  (12R-hydroxy-eicosa-5Z,8Z,10E,14Z,17Z-pentacnoic acid);
15S-HEPE  (158-hydroxy-eicosa-5Z7,87,117,13E,17Z-pentaenoic acid);
18S-HEPE  (18S-hydroxy-eicosa-57,87,117,14Z,16E-pentacnoic acid);
18R-HEPE  (18R-hydroxy-eicosa-57,87,11Z,14Z,16E-pentacnoic acid);
4S-HDHA  (4S-hydroxy-docosa-5E,7Z,10Z,13Z,16Z,19Z-hexaenoic acid);
7S-HDHA (75-hydroxy- docosa-4Z,8E,10Z,13Z,16Z,19Z-hexacnoic acid);
10S-HDHA  (10S-hydroxy-docosa-47,77,11E,137,16Z,19Z-hexaenoic acid);
11S-HDHA  (11S-hydroxy-docosa-47,77.9E,137Z,167,19Z-hexaenoic acid);
14S-HDHA  (14S-hydroxy-docosa-47,77,10Z,12E,16Z,19Z-hexaenoic acid);
14R-HDHA  (14R-hydroxy-docosa-4Z,77,10Z,12E,16Z,19Z-hexaenoic acid);

13
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17S-HDHA  (17S-hydroxy-docosa-47,77,10Z,13Z,15E,19Z-hexaenoic acid);
17R-HDHA  (17R-hydroxy-docosa-47.,77,107,137,15E,19Z-hexaenoic acid);
20S-HDHA  (20S-hydroxy-docosa-47.,77,10Z,137,167Z.,19Z-hexaenoic acid);

17S-HDPAn-6 (17S-hydroxy-docosa-47,7Z,10Z,13Z,1 5E-pentaenoic acid);
14S-HDPAn-6 (14S-hydroxy-docosa-47,77,10Z,12E,16Z-pentaenoic acid);
10S-HDPAn-6 (10S-hydroxy-docosa-47,77,11E,13Z7,16Z-pentaenoic acid);

17S-HDPAn-3
14S-HDPAn-3

(17S-hydroxy-docosa-77,107,137,15E,19Z-pentaenoic acid);
(17S-hydroxy-docosa-77,10Z,12E,16Z,19Z-pentaenoic acid);

10S-HDPAn-6 (10S-hydroxy-docosa-7Z,11E,13Z,16Z,19Z-pentaenoic acid);

15S-HETE
15R-HETE

(158-hydroxy-eicosa-57,87,117,13E-tetraenoic acid); and/or
(15R-hydroxy-eicosaSZ,87,11Z7,1 3E-tetraenoic acid).

[0040] In addition to the foregoing, SPMs and SPM precursors derived from any of the

following omega-3 PUFA or omega-6 PUFA may be present or enriched in oils extracted

from natural sources. These fatty acids may give rise to SPM precursors and SPMs through

enzymatic oxygenation.
[0041] Table 1

Fatty acid name

Chemical name

Hexadecatrienoic acid (HTA) 16:3 (n—3) all-cis-7,10,13-hexadecatrienoic acid
a-Linolenic acid (ALA) 18:3 (n—3) all-cis-9,12,15-octadecatrienoic acid
Stearidonic acid (SDA) 18:4 (n—3) all-cis-6,9,12,15-octadecatetraenoic acid
Nonadecatetracnoic acid 19:4 (n-3) all-cis-7,10,13,16-nonadecatetracnoic acid
Eicosatrienoic acid 20:3 (n—3) all-cis-11,14,17-eicosatrienoic acid
Eicosatetraenoic acid 20:4 (n—3) all-cis-8,11,14,17-¢cicosatetraenoic acid
Eicosapentaenoic acid (EPA) 20:5 (n3) all-cis-5,8,11,14,17-¢eicosapentaenoic acid
Heneicosapentaenoic acid 21:5 (n—=3) all-cis-6,9,12,15,18-heneicosapentacnoic
acid
Docosapentaenoic acid (DPA) 22:5 (n3) all-cis-7,10,13,16,19-docosapentaenoic
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Docosahexaenoic acid (DHA) 22:6 (n—3) all-cis-4,7,10,13,16,19-docosahexaenoic

acid

Tetracosapentaenoic acid 24:5 (n3) all-cis-9,12,15,18,21-tetracosapentaenoic
acid

Tetracosahexaenoic acid 24:6 (n—3) all-cis-6,9,12,15,18,21-tetracosahexaenoic
acid

[0042] In addition to the listed examples of SPMs and SPM precursors, it can be envisioned
that other mono-, di-, and tri-hydroxylated and epoxygenated derivatives of the above
mentioned polyunsaturated fatty acids may possess anti-inflammatory and proresolving
activities and can be found to be present and enriched in oils obtained from organism which
contain long chain ®-3 PUFA including fish, crustaceae, algae, mollusks, and marine
organisms, plants, microbial organisms, as well as transgenic organisms endowed with the
enzymatic capacity to form long chain o -3 PUFA. Likewise, additional precursors of known
SPMs and novel SPMs may be identified and enriched in such oils. In addition, the SPMs and
SPM precursors may be present as esters and amides. The esters can be natural esters such as
triglycerides, diglycerides, monoglycerides, and phospholipids, as well as esters prepared
during the industrial processes commonly employed in the fish oil industry permitting the
concentration of EPA and DHA from crude and refined fish ails, in particular the form of
ethyl esters.

[0043] Any SPM, SPM precursor, or mixtures of SPMs and SPM precursors that are found in
oils obtained from long chain ®-3 PUFA-containing organisms can be enriched or
concentrated employing extraction and separation methods, for example, distillation
technologies, and chromatographic fractionation and separation technologies.

[0044] The present invention has discovered that, and unanticipated to the known state of the
art, SPMs and SPM precursors can be found as saponifiable substances in crude oils, in
subsequently derived refined oils, and in oils in which the levels of long chain w-3 PUFA,
such as EPA and DHA, have been concentrated in the form of ethyl esters. For example, it is
shown in Example 2 (Fig.5A) that a widely employed crude oil extracted from anchovy,
which is considered a good starting material for the omega-3 industry since it is relatively
rich in EPA and DHA, contains the D-series resolvins RvD1 and RvD2 (both in acylated
form). The saponifiable form of the SPMs or SPM precursors can also be present as ethyl
esters as a result of the transesterification of long chain ©-3 PUFA-containing oils with

ethanol to obtain fatty acid-ethyl ester oils that can be concentrated and fractionated
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employing specific distillation, extraction and chromatographic industrial procedures
employed for ®-3 PUFA-ethyl ester concentration and purification. For example, many
monohydroxylated lipid mediators which can function as SPM precursors are found in
saponifiable form in the ethyl esterified omega-3 concentrates manufactured from anchovy
oil, tuna liver oil, and in ethyl ester omega-3 concentrate manufactured from a mixture of
mollusks and fish (Fig. 2, 3A, Fig. 3B, 5C, 6A, and 6B). The presence of the esterified forms
of SPM precursors and SPMs themselves present in ethyl ester concentrates of long chain -3
PUFA oils demonstrates that these SPM precursors and SPMs were originally present in
acylated form in the crude marine oils and organisms from which the crude oil was extracted.
In the process of transesterification of a refined oil with ethanol, these acylated SPM
precursors and SPMs also become transesterified to the corresponding ethyl esters. This
finding is of highly significant and unanticipated nature, since SPMs and SPM precursors are
not known to be found in acylated form in the cells and tissues of organisms which are used
for the preparation of ©-3 PUFA-containing oils manufactured for use as e.g. nutritional
supplements and pharmaceutical ingredients. This aspect of the invention does not exclude
the presence or enrichment in long chain ®-3 PUFA-containing oils of SPMs and SPM
precursors as free carboxylic acids, which are the chemical form of SPMs and SPM
precursors previously described in the literature to be formed within cells and organisms from
long chain m-3 PUFA substrates. In addition, the oils containing SPMs or SPM precursors
can contain long chain -3 PUFA, such as EPA and DHA.

[0045] Another aspect of the invention is a method for the production of oils with anti-
inflammatory or resolution-stimulating activity and containing measurable levels of SPMs
and/or SPM precursors. The method includes the following steps; i} measuring the presence
or concentration of SPMs or SPM precursors in a long chain @-3 PUFA-containing oil. This
can be e.g. a crude, refined, or concentrated long chain ®-3 PUFA-containing oil; ii)
fractionating the oil into a plurality of fractions; i/) measuring the anti-inflammatory or
resolution-stimulating activity of the fractions; iv) and, optionally, repeating the three steps,
in order to obtain an oil with anti-inflammatory or resolution-stimulating activity, and
containing or enriched with at least one SPM or SPM precursor.

[0046] Measuring the presence of SPMs and SPM precursors in an oil permits assessing or
gauging the suitability of an oil to be fractionated in order to obtain an oil which contains at
least one SPM or SPM precursor, has a desirable combination of SPMs and SPM precursors,
or which has an enrichment with at least one SPM or SPM precursor. The presence and

absolute levels of SPMs and SPM precursors in a given sample or fraction can be determined
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by analytical chemistry techniques such as liquid chromatography coupled to electrospray
ionization tandem mass spectrometry (LC/ESI-MS/MS), and gas chromatography/mass
spectrometry (GC/MS) (Yang, 2011). Other techniques for detecting and/or quantifying
SPMs and SPM precursors that might be used include immunoassays such as the Resolvin D1
ELISA assay marketed by Cayman Chemical Company (Ann Arbor, MI), and Neogen
Corporation’s LXA, and AT-LXA4 assay Kkits.

[0047] Fractionating a crude, refined, or concentrated long chain ®-3 PUFA-containing oil
into a plurality of fractions, permits the production of oils which contain higher
concentrations of the at least one SPM or SPM precursor than other fractions, or contain a
desired combination of SPMs or SPM precursors. The fractionation of oils can be achieved
with separation and extraction methods. Because the SPMs and/or SPM precursors present in
the oils from natural sources will differ according to the natural source from which the crude
oil was obtained, different methodologies will lead to various compositions of SPMs and
SPM precursors in the various oils employed for finished product preparation.

[0048] Several extraction and separation technologies are available to obtain oils containing
or enriched in at least one SPM or SPM precursor. Such technologies can operate on the
molecular form in which the SPMs and/or SPM precursors were isolated, such as
triglycerides in fish and vegetable oils, or phospholipids and triglycerides present in krill oils,
or aftcr transformation into a diffcrent chemical form, notably fatty acid cthyl csters. Oils
composed of fatty acid ethyl esters can subsequently be employed to manufacture remodeled
triglycerides or compositions containing high levels of free fatty acids. Oils containing SPMs
and/or SPM precursors can be obtained from the here mentioned long chain ®-3 PUFA-
containing crude oils as starting materials by one or a combination of several technologies.
Suitable methodologies will be explained hereafter.

[0049] The extraction process involves heating the raw material containing long chain ®-3
PUFA (e.g., fish, krill, squid, or algae) to temperatures up to 95°C. The heat treatment step
yields a “pre-pressing” liquid containing both water and fat. Subsequent pressing (of the left-
over solid material obtained in the thermal treatment) at pressures of 130 to 170 bar and
concomitant pressing with a screw-press yields a pressing liquid. The pre-pressing liquid and
pressing liquid can be combined (“press water”) and then fed into a 2-phase decanter to
remove solids and obtain clarified “press water.” The press-water is “de-oiled” by
centrifugation in a separator, yielding a turbid oil. The turbid oil can then be “polished” by

means of an additional centrifugation step with a separator to obtain a “crude” oil. An
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alternative process employs a two-phase decanter instead of a screw-press which simplifies
the process by directly separating solid from oil-containing fluid, from which the oil is
separated by an oil separator (polishing). In a third process, a decanter is used to separate
heat-coagulated raw material directly into solid, water, and oil. The oil can then be polished
with a separator to remove traces of water. Temperatures during separation processes are
maintained between 95°C. and 98°C. Preferably, the application of heat is limited to the
shortest time required to separate fat from heat-coagulated protein and water. Most of the
SPMs and/or SPM precursors in the crude oil obtained by any of these extraction methods are
in acylated form as esters within glycerides and phospholipids, and as amides.

[0050] A crude oil can be cleaned by a chemical “refining” process. This step involves
washing the oil with alkaline and acid solutions in order to neutralize the oil, separation with
a separator to remove the aqueous wash from the oil, hot water washing, a “bleaching”
treatment of the oil with diatomaceous earths, activated carbon or silica, followed by filtering
in order to remove (such as colored carotenoids, metals, contaminants) impurities by
adsorption, and vacuum drying. Generally, temperatures between 95°C. and 98°C. are
maintained during refining processes. An additional deodorization step can be applied which
involves heating the oil up to 200°C to remove volatile substances.

[0051] Alternatively, cold extraction techniques might be used to obtain oils that contain
SPMs and/or SPM precursors.

[0052] Winterization of an oil is a process by which the oil is cooled at a controlled rate
permitting the differential crystallization of distinct lipids based on differences in melting
points - permitting separation of different lipid classes. This separation technique may be
useful in the separation of waxes and lipids rich in saturated fatty acids from a lipid (usually
triglyceride) fraction containing a higher content in SPMs and/or SPM precursors or acylated
forms thereof.

[0053] One or more molecular distillation techniques might also be used for this purpose.
Molecular distillation methods include thin film distillation, wiped film distillation, and short
path distillation. In thin film evaporation and distillation, a film of the oil is created by
rotating fans or rollers within a closed vessel. By the combined application of low pressure
conditions and heating, the differential evaporation of distinct lipid components is achieved,
permitting the relative enrichment of a lipid fraction of interest (i.e., those fractions
containing higher levels of SPMs and/or SPM precursors). In wiped-film distillation the oil is

actively wiped into a film onto a heated surface by a rotating barrel.
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[0054] Short path evaporation distillation is a molecular distillation technique which is
particularly useful for fractionation of compounds sensitive to oxidation by air through the
introduction of an internal condenser within the vessel where evaporation or distillation is
taking place. Like with thin film evaporation and distillation the fractionation is carried out
under reduced pressure and heating. Pressure losses are diminished in this configuration and
lower or shorter heating times may be achieved by this technique. A short path distillation
plant comprises a supply tank, an evaporator, a vacuum pump, a degasser, rollers, heat
exchangers, a condenser, a thermal conditioned tank and a continuous and closed circuit.
[0055] Molecular distillation steps can be performed in sequential order to concentrate a
range of structurally similar fatty acids from an oil to obtain an ail fraction of interest.
Another technique complementary to molecular distillation is vacuum rectification, which
incorporates an external reflux process permitting higher levels of concentration at the
inconvenience of higher contact times. Fatty acids in oils can be further concentrated by
means of a selective precipitation step through the addition of urea, which selectively
complexes saturated and monounsaturated fatty acids. Additional concentration technologies
encompass ionic exchange employing cation- and anion-exchanging resins. Another
technology which can permit selective concentration based on molecular size and weight is
ultrafiltration.

[0056] An extraction technology which is of particular usefulness for the extraction of SPMs
and SPM precursors is supercritical fluid extraction (SFE). A supercritical fluid extraction
plant comprises a supply tank, pumps, a solvent tank, a continuous and closed circuit, an
extraction column, atmospheric tanks and separators. By attaining specific combination of
pressure and temperature the mobile phase can be brought above its supercritical point. SFE
is commonly employed under countercurrent conditions whercby a steady state is achieved
permitting selective enrichment of a component eluting from the top or bottom of the
extraction column. SFE permits selective enrichment. SFE thus permits manufacturing of oils
which are suitable starting material for subsequent separation technologies employed for
selectively separating and purifying individual fatty acids, for example as their corresponding
ethyl ester, permitting concentration up to levels that can approach near purity.

[0057] Chromatographic techniques are useful for achieving significant levels of separation
of individual ethyl-esterified fatty acids, and are suitable for obtaining oils which are
selectively enriched with SPMs and SPM precursors. These include conventional
chromatography by high-pressure operation, moving-belt chromatography, counter-current

chromatography, and supercritical fluid chromatography (SFC). A high-pressure
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chromatography employs mixtures of aqueous and organic solvents pumped at elevated
pressure through a column containing a stationary phase. The stationary phase can have
different polarities and particles size and geometries. By choosing optimal combinations of
mobile phase, stationary phase, temperature acceptable separation of fatty acid-ethyl esters
can be achieved.

[0058] Supercritical fluid chromatography (SFC) employs supercritical fluid (usually carbon
dioxide) as a solvent and mobile phase. By careful modulation of the supercritical fluid
density through pressure and temperature, eluting conditions can be optimized for the
separation of individual lipids within a sample. The advantage of this technique is the
employment of near ambient temperatures and the exclusion of oxygen during the
chromatographic procedure to ¢liminate the risk for inadvertent oxidation. Installations
encompass a supply vessel, pumps, a mobile phase tank, a continuous and closed circuit, a
chromatography column, atmospheric tanks and separators. SFC permits chromatographic
separation of fatty acid-ethyl esters. The mobile phase, since it is a gas at ambient pressure
and temperature, is easily removed from the final oil fraction.

|0059] Preterred techniques for obtaining SPMs and/or SPM precursor-containing oils by
fractionation of long chain ®-3 PUFA-containing oils are supercritical fluid extraction (SFE)
and supercritical fluid chromatography (SFC). These techniques may be complemented
optionally by one or more additional fractionation steps allowing enrichment of one or more
defined SPMs and/or SPM precursors. Examples are described below. The following ranges
of SFE and SFC conditions can be employed: temperature range between 27-60°C, pressure
range between 80-180 bar, with silica, modified silica, reversed phase, chiral and argentated
stationary phases, and solvent/feed ratios of 10-800 (Kg/Kg).

[0060] The combination of SFE and SFC permits enrichment of one or several specific SPMs
and/or SPM precursors. The capacity to separate SPMs and/or SPM precursors furthermore
permits recombining specific oil fractions in order to obtain a versatile range of ratios and
combinations.

[0061] Additional chromatographic steps can be performed employing very specialized
enrichment technologies such as chiral separations, and metal-affinity chromatography such
as argentation chromatography with immobilized silver salts.

[0062] As a result of the technology employed for the preparation of the oils containing or
enriched for SPMs and/or SPM precursors, the chemical forms of these molecules is
commonly one of the following; ethyl esters when present in omega-3 concentrates, acylated

within glycerides and phospholipids typical for crude and refined oils, or found as free
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carboxylic acids dissolved within the oils. Other chemical forms of the SPMs and SPM
precursors may be found in crude and refined oils, such as amides. In a further embodiment,
the SPMs and SPM precursor molecules can be further transformed according to known
methods. For example, SPM-ethyl ester-containing oils can be transesterified again (either
chemically or enzymatically) with a triglyceride or phospholipid to form a remodeled
triglyceride or phospholipid, respectively. Esterified SPMs and SPM precursors can also be
hydrolyzed to obtain the corresponding free fatty acid form, as a salt or the conjugate acid.
[0063] In a particular embodiment this invention furthermore may ultimately permit
naturally-occurring SPMs and/or SPM precursors to be purified to homogeneity or near
homogeneity (e.g., more than 80, 90, 95, 96, 97, 98, or 99% pure by weight).

[0064] Furthermore, crude oils originating from the same or from different organisms
containing long chain ©-3 PUFA can be combined and used as starting material for
subsequent enrichment procedures to obtain SPMs and SPM precursor-containing oils.

[0065] Determination of the anti-inflammatory or resolution-stimulating activity of the
fractions containing higher concentrations of the at least one SPM or SPM precursor than
other tractions, or containing a desired combination of SPM or SPM precursors, will establish
the usefulness of the oil to make a therapeutic anti-inflammatory or resolution-stimulating
composition. This can be preferably performed in vivo, in experimental models of
inflammation that permit assessment of anti-inflammatory efficacy and potency, or
measuring the resolution-activating activity of the oil fraction (Bannenberg, 2005). In vitro
and cellular models may be employed for this purpose in order to measure a particular
cellular or molecular aspect of anti-inflammatory or proresolving activities on the in vivo
inflammatory response.

[0066] Another aspect of the invention is that the purposefully manufacturing of SPM- and
SPM-precursor-containing or -enriched oils with anti-inflammatory and resolution-enhancing
activitics, can be used for reducing inflammation or stimulating the resolution of
inflammation in a subject, the method comprising the step of administering an effective
amount of an oil. The oils can be used for treating inflammation or diseases associated with
inflammation, or preventing inflammation or diseases associated with inflammation.
Fractionation of oils permits obtaining oils with specific anti-inflammatory or resolution-
stimulating activity. A functional differentiation can be achieved by fractionation, with some
oil fractions having anti-inflammatory activity and/or resolution-stimulating (proresolving)
activity, other oil fractions having no significant anti-inflammatory activity, and/or even oil

fractions may be obtained having an inflammation-promoting activity. Specific oils obtained
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through fractionation thus have the capability to modulate the inflammatory response
distinctly.

[0067] Specific oils and oil fractions containing natural SPMs, SPM precursors, or mixtures
of SPMs and/or SPM precursors can be particularly well suited to treat or prevent a specific
inflammatory condition. For example, an oil containing or enriched with a particular SPMs
and/or SPM precursors, or combination of more than one SPM or SPM precursor, might be
selected for treating rheumatoid arthritis, based on research showing that these particular
molecules are more beneficial for treating rheumatoid arthritis than either currently used -3
PUFA-containing oils, or other SPMs, SPM precursors, or mixtures of SPMs and/or SPM
precursors, or known anti-inflammatory drugs. Other SPMs and/or SPM precursor-containing
oils might be selected for making a composition for treating a different inflammatory
condition, e.g., asthma, based on research. This method includes the step of administering to
the subject an effective amount of an oil containing or enriched for at least one SPM or SPM
precursor and having anti-inflammatory or resolution-stimulating activity.

[0068] The SPMs and/or SPM precursor-containing oils might further comprise a carrier or
an excipient.

[0069] As used in the present invention, the terms “subject” or “patient” refers to animals,
including mammals, preferably humans.

[0070] As used in the present invention, the terms ‘“administer”, “administering” or
“administration”, as used herein, refer to directly administering an oil or oil-containing
composition to a subject or patient, which will deliver an effective amount of the active
compound or substance to the subject’s or patient’s body.

[0071] As used in the present invention, the term an “effective amount” or “an amount
effective to” means an amount adequate to cure or at least partially ameliorate the symptoms
of a condition, disease or its complications.

[0072] Another aspect of the invention encompasses the anti-inflammatory or resolution-
stimulating oils containing SPMs or SPM precursors in that these oils also contain long
chain ®-3 PUFA. These can be EPA, and DHA, but also other long chain o-3 PUFA such
as stearidonic acid or docosapentaenoic acid.

[0073] Another aspect of the invention relates to the making of nutritional supplements,
pharmaceutical formulations, and cosmetic formulations comprising an effective amount of
SPM- and SPM-precursor-containing or -enriched oils with anti-inflammatory or resolution-
enhancing activity obtained from organisms containing long chain -3 PUFA. After

obtaining an oil or oil fraction which contains or is enriched for one or more naturally present
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SPMs and/or SPM precursors and that has anti-inflammatory or resolution-stimulating
activity, the oil can be used to make a nutritional supplement, a pharmaceutical formulation,
or a cosmetic formulation.

[0074] As used in the present invention, the term “Pharmaceutically acceptable” refers to
those compounds, materials, compositions, supplements, formulations, and/or dosage forms
which are, within the scope of sound medical judgment, suitable for contact with the tissues
of human beings and animals without excessive toxicity, irritation, allergic response, or other
problem complications commensurate with a reasonable benefit/risk ratio.

[0075] In addition to the oil containing SPMs and/or SPM precursors, the nutritional
supplements and pharmaceutical and cosmetic formulations might contain other ingredients.
For example, in preferred embodiments the SPM and/or SPM precursor containing oils are
mixed, dissolved, emulsified (e.g., in oil/water, water/oil, or double emulsions), or suspended
in a matrix or base. The matrix or base can, e.g., be an edible oil such as w-3 PUFA-
containing oils, an ®-3 PUFA concentrate containing high levels of EPA, or DHA, or
mixtures of EPA and DHA, or another edible oil suitable for consumption or administration.
The matrix or base might also be water or an aqueous butter. The oils containing SPMs
and/or SPM precursors might also be prepared in liposomes, nanoparticles, or microparticles.
[0076] To enhance shelf life, the supplements and formulations might also contain one or
maore stabilizers including antioxidants such as ane or several tocopherols, ascorbic acid and
ascorbyl-fatty acid derivatives, and other antioxidants which are commonly used in the
stabilization of dietary oils, such as rosemary extract. The oils might furthermore be
packaged in containers that minimize exposure to oxygen, heat, and incident light. These
conditions will specifically augment the stability of the SPMs and SPM precursors by
preventing or limiting oxidation and isomerization of double bonds. Stability of the bulk oil
or the formulated oil will also benefit from these conditions since the SPMs and SPM
precursors are dissolved in oils with a significant level of PUFA that are sensitive to
oxidation.

[0077] The supplements and formulations might also include one or more active ingredients
such as aspirin, other non-steroidal anti-inflammatory drugs, vitamins, anti-oxidants,
flavonoids, minerals, trace elements, fatty acids, lycopene, S-adenosylmethionine,
oleocanthal, resveratrol, pterostilbene, bioactive proteins and peptides such as bromelain,
oligosaccharides, glucosinolates, and plant extracts such as Boswellia serrata, mangosteen,
capsicum, turmeric, ginger, tea, neem, and/or willow bark exfract. Ingredients are not

limited to the here mentioned examples.

23



CA 02873055 2014-11-07

WO 2013/170006 PCT/US2013/040314

[0078] Specific nutritional supplements can be made to support specific health conditions
that include a fish oil, a krill oil, or a long-chain ®w-3 PUFA concentrate supplemented with
an oil containing SPMs or SPM precursors, together with glucosamine and chondroitin for
arthritis, or with zinc, lutein and zeaxanthin for eye health.

[0079] Other nutritional supplements containing oils with SPMs and SPM precursors are
multi-vitamin preparations, sports nutrition, fortified fish oil capsules, oral healthcare
products such as tooth paste and mouthwash, and specific oils used as food such as spreads,
dressings, cooking oils, snacks, nutritional drinks, soft gels, chewing gums, and in infant
formulas.

[0080] The oils described herein might be included along with one or more pharmaceutically
acceptable carriers or excipients to make pharmaceutical formulations which can be
administered by a variety of routes including oral, rectal, vaginal, topical, transdermal,
sublingual, subcutaneous, intravenous, intramuscular, insufflation, intrathecal, and intranasal
administration.  Suitable formulations for use in the present invention are found in
Remington's Pharmaceutical Sciences, Mack Publishing Company, Philadelphia, Pa., 17th ed.
(1985).

[0081] The active ingredient(s) can be mixed with an excipient, diluted by an excipient,
and/or enclosed within a carrier which can be in the form of a capsule, sachet, paper or other
container. When the excipient serves as a diluent, it can be a solid, semi-solid, or liquid
material, which acts as a vechicle, carrier or medium for the active ingredient. The
formulations can be in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs,
suspensions, emulsions, solutions, syrups, aerosols (as a solid or in a liquid medium),
ointments, soft and hard gelatin capsules, suppositories, sterile injectable solutions, sterile
liquids for intranasal administration (e.g., a spraying device), or sterile packaged powders.
The formulations can additionally include: lubricating agents such as talc, magnesium
stearate, and mineral oil;, wetting agents; emulsifying and suspending agents; preserving
agents such as methyl- and propylhydroxy-benzoates, sweetening agents; and flavoring
agents. The supplements and formulations of the invention can be formulated so as to provide
rapid, sustained or delayed release of the active ingredients after administration to the patient
by employing procedures known in the art.

[0082] For preparing solid formulations such as tablets, the oil is mixed with a
pharmaceutical excipient to form a solid preformulation composition containing a
homogeneous mixture of a compound. Tablets or pills may be coated or otherwise

compounded to provide a dosage form affording the advantage of prolonged action. For
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example, the tablet or pill can comprise an inner dosage and an outer dosage component, the
latter being in the form of an envelope over the former. The two components can be separated
by an enteric layer which serves to resist disintegration in the stomach and permit the inner
component to pass intact into the duodenum or to be delayed in release. A variety of
materials can be used for such enteric layers or coatings, such materials including a number
of polymeric acids and mixtures of polymeric acids with such materials as shellac, cetyl
alcohol, and cellulose acetate.

[0083] Liquid forms of the formulations include suspensions and emulsions. The
formulations may be encapsulated, prepared as a colloid, introduced into the lumen of
liposomes, or incorporated in the layers of liposomes. A liquid formulation may also consist
of the oil itself, which may be encapsulated.

[0084] The oils are preferably formulated in a unit dosage form of the active oil and its
ingredient(s). The amount administered to the subject or patient will vary depending upon
what is being administered, the purpose of the administration, such as prophylaxis or therapy,
the state of the subject or patient, the manner of administration, and the like all of which are
within the skill of qualitied physicians, dieticians, and pharmacists. In therapeutic
applications, formulations are administered to a patient already suffering from a disease in an
amount sufficient to cure or at least partially arrest the symptoms of the disease and its
complications. Amounts effective for this use will depend on the disease condition being
treated as well as by the judgment of the attending clinician depending upon factors such as
the severity of the symptoms, the age, weight and general condition of the patient, and the
like.

[0085] Specific pharmaceutical formulations could be encapsulated oils to be taken orally for
the treatment of diseases with an inflammatory component, sustained release formulas,
topical formulations for treatment of acne, psoriasis, eczema, rosacea, etc., intravenous
formulations based on emulsified oils which are useful as clinical nutrition and parenteral
drugs, liposomal preparations, and tissue-targeted delivery systems, inhalation
formulations, and formulations which can be injected into the central nervous system.
[0086] A further embodiment is the formulation of oils containing SPMs and SPM precursors
and having anti-inflammatory or resolution-stimulating activity as cosmetics, beauty
products, and nutritional cosmetics. These formulations include make-up, skin moisturizers,
and specific topical creams such as sunburn and tanning ointments. In particular, the oils

being anti-inflammatory and resolution-stimulating and containing SPMs and SPM
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precursors, might constitute cosmetics which counteract irritation and inflammation at the site

of application.

Methods of Use

[0087] The invention features methods for treating a subject (e.g., 2 human being, dog, cat,
horse, cow, goat, pig, fish, and other animals) having inflammatory condition or a disease
with an inflammatory component by administering to the subject one or more of the oils,
supplements, and formulations described herein, in an amount and dosage schedule effective
to cure, treat, and/or reduce inflammation in a subject. The therapeutic use of the SPM
and/or SPM precursor-containing oils will be primarily directed to treat or prevent any of
many possible ailments, disorders, and diseases that include an aspect of inflammation in
their etiology or symptoms. The use may furthermore encompass conditions and diseases that
have been reported to be ameliorated by increased ingestion of EPA/DHA or fish oils (e.g.,
hypertriglyceridemia, arrthythmias, or depression). Examples of inflammatory conditions
include cardiovascular disease (e.g., atherosclerosis, high blood pressure, hypercholesteremia,
hypertriglyceridemia, endothelial hyporeactivity, cardiac intarction, cerebral stroke), aspects
of metabolic syndrome (e.g, loss of insulin sensitivity, obesity, hepatic steatosis, cholestasis),
neurodegenerative diseases (Alzheimer’s disease, Parkinson disease, multiple sclerosis,
apraxia), atopic/allergic reactions, cancer, osteoarthritis, rheumatoid arthritis, inflammatory
pain, acne, psoriasis, rosacea, asthma, acute lung injury, chronic obstructive pulmonary
disease, cystic fibrosis, sepsis, allergic rhinitis, sinusitis, periodontitis, inflammatory bowel
disease, Crohn’s disease, macular degeneration, dry eye syndrome, gastric ulceration,
cancer, and auto-inflammatory disorders. The oils described herein may also be suitable for
treating distinct forms of acute and chronic pain and hypersensitivity to physical and
chemical stimuli. The oils described herein might also be useful for treating conditions
caused by the dysregulation of angiogenesis, platelet aggregation and coagulation, bone
growth, tissue healing, blood pressure regulation, haematopoiesis, and lipid homeostasis. The
oils described herein might also be useful for lowering the macroscopic and physical signs of
inflammation such as swelling, edema, redness, fever, pain, and inflammatory sickness.

[0088] The oils described herein, since they contain long chain ®©-3 PUFA-derived lipid
mediators with anti-inflammatory and pro-resolving activity, may furthermore obviate the
need to augment tissue levels of long chain ®-3 PUFA from which these substances may be

formed within a subject’s body afier dietary supplementation.
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[0089] The oils described herein might also be administered to subjects having increased or
abnormal levels of inflammatory markers such as high-sensitivity C-reactive protein (hs-
CRP), serum amyloid A, erythrocyte sedimentation rate, soluble adhesion molecules (e.g., E-
selectin, P-selectin, intracellular adhesion molecule-1, vascular cell adhesion molecule-1),
cytokines (e.g., interleukin-1p, -6, -8, and -10 and tumor necrosis factor-a), fibrinogen, and/or
activated white blood cells (e.g., leukocytes with enhanced rates of production of reduced
oxygen and nitrogen species; non-spherical neutrophils, and monocytes with increased
vacuolization). In this regard, supplements and formulations of the inventions might be used
to reduce the levels of one or more of these inflammatory markers by at least 99, 95, 90, 80,
70, 60, or 50 %; or to reduce these levels to within ranges considered normal.

[0090] The supplements and formulations may also be administered to a subject to prevent
inflammation.

Examples

[0091] EXAMPLE 1: Fractionation of an Omega-3 PUFA Ethyl Ester Oil by
Industrial-scale Supercritical Fluid Chromatography Permits Enrichment of
Esteriftied Precursors of SPMs and Manufacturing of Distinct Oil Fractions with
Different Anti-Inflammatory Activity.

[0092] To evaluate the anti-inflammatory activity of distinct fatty acid-ethyl ester oil
fractions obtained during supercritical fluid chromatography (SFC) for the industrial-scale
manufacturing of EPA-cthyl ester and DHA-ethyl ester concentrates, a murine model of
subcutaneous sterile inflammation was established which permitted measuring the effects of
orally administered oil fractions on the pro-inflammatory phase of the inflammatory
response. Eight consecutively-eluted oil fractions were produced by SFC at industrial scale
by fractionation of an intermediate long chain ©-3 fatty acid-ethyl ester concentrate
containing 70% EPA-EE and DHA-EE combined, which upon its turn had been obtained by
industrial-scale supercritical fluid extraction (SFE). SFC fractionation is carried out in the
following way. A raw material tank, previously blanketed with nitrogen, is charged with the
long chain -3 PUFA ethyl ester concentrate. The tank content is warmed up if necessary and
temperature stabilized approximately between 20-40°C. The oil is processed batch-wise by
passing it through a chromatographic column. Qil volumes weighing between 7.5 and 9.5 kg
are pumped adjusting pressure and temperature at about 110-135 bars and 20-40°C. Carbon
dioxide is pumped at the same time at 110-130 bars and between 43.5-45.5°C. Both flows
(omega-3 concentrate and carbon dioxide) are injected onto the head of the chromatographic

column flowing inside at a pressure between 98-102 bar and a temperature between 43.5-
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45.5°C. Taking advantage of differences in retention of the components which make up the
oil to be separated through the chromatographic column, filled with modified silica stationary
phase, different fractions are collected. Total elution times of single fractionation runs are
between 40-85 minutes. Eluted material is collected in consecutively-eluted fractions that last
between 2-20 minutes. The ratio between mobile phase (supercritical carbon dioxide) and
feed (omega-3 concentrate) is between 600-850 Kg solvent/Kg feed.

[0093] In order to initiate inflammation, Escherichia coli lipopolysaccharide (LPS; serotype
127:B8, purified by trichloroacetic acid extraction, Sigma-Aldrich) was injected sub-
cutaneously as a single dose (5 milligram per kilogram in a 200 microliter volume of sterile
saline) in the dorsal hind flank of a mouse (CD1 mice of 9 weeks age and weighing
approximately 30 grams, purchased from the Charles River company). Neutrophil infiltration
into the site of inflammation was measured non-invasively by bicluminescence emitted by
conversion of luminol by the neutrophil enzyme myeloperoxidase (Gross, 2009), permitting
assessment of inflammatory changes over a 6 hour time period. The employment of a sub-
cutaneous mode!l of inflammation permitted reproducible bioluminescence measurements of
neutrophil activity in order to be able to measure statistically signiticant changes in
neutrophil activity upon administration of test substances. Thirty minutes prior to the
administration of LPS, 100 microliter of vehicle control (sterile saline), indomethacin (dose;
10 milligram per kilogram), or ane of the eight oil fractions obtained by SFC, was
administered by gavage, reflecting the oral route (per os, (p.0.)) of administration. The non-
steroidal anti-inflammatory compound indomethacin was used as a positive control to
confirm that the inflammatory response induced by LPS could be inhibited. Figures 1A-H
show the effect of a series of consecutively eluted oil fractions (number 1-8, respectively),
obtained by industrial-scale SFC fractionation of the intermediate long chain ®-3 fatty acid-
ethyl ester concentrate (containing 70% EPA-EE and DHA-EE combined), on acute
inflammatory changes occurring subcutaneously in mice induced by subcutancous (s.c)
administration of lipopolysaccharide (LPS). Open circles; inflammation induced by LPS s.c.
(n=40). Open squares; indomethacin 10 mg/kg p.o. 30 minutes prior to LPS s.c. (n=6). Open
triangles; 100 microliter of each oil fraction number 1-8 depicted in panel A-H, respectively,
each administered once by gavage 30 minutes prior to LPS (n=6 per tested oil fraction).
Values are mean =+ standard error of the mean. Statistically significant differences (Student’s
t-test; P<0,05) in inflammation are indicated by: * (oil fractions given before LPS compared

to vehicle given before LPS), # (indomethacin given before LPS compared to vehicle given
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before LPS), and  (oil fractions given before LPS compared to indomethacin given before
LPS).

[0094] As shown in Figure 1, indomethacin inhibited LPS-induced inflammation by 26%
after 3 hours and 44% after 6 hours (number of independent observations n=40), in
comparison to mice which had received saline instead of indomethacin (n=40). Of interest,
fractionation by SFC of an ethyl ester oil containing high levels of long chain ©-3 PUFA-
ethyl esters permitted the production of different oil fractions that had markedly distinct
activities on inflammation after oral administration (n=5 for each tested oil fraction). Three
oil fractions induced an anti-inflammatory action after oral administration. Oil fraction 1
significantly reduced inflammation by 61% three hours after the start of LPS-induced
inflammation, and by 82% at six hours (Fig 1A). Oil fraction 7 significantly reduced
inflammation by 49% after three hours (Fig. 1G). Oil fraction 8 significantly reduced
inflammation by 66% after 90 minutes (Fig. 1H). Oil fractions 2, 3, 4, and 6 did not
significantly change the LPS-stimulated inflammatory response (Fig.1, panels B, C, D and
F, respectively). Of interest is that the anti-inflammatory actions of several oil fractions had
significantly higher etticacy than the widely used anti-inflammatory compound
indomethacin itself, namely oil fractions 1 and 8. Furthermore, the marked anti-
inflammatory activity of oil fraction 1 also points to a resolution-stimulating activity that,
already after 6 hours, has actively brought back the neutrophilic inflammatory response
nearly to the non-inflamed state. The industrial scale SFC fractionation permitted obtaining
sufficient functional differentiation such that one oil fraction, 3, potentiated inflammation at
the earliest time point, namely a more than doubling of neutrophil activity at 90 minutes,
whereafter the extent of the neutrophilic response normalized to the response observed in
vehicle-treated animals. This points out that this oil could facilitate a more rapid
inflammatory response towards a bacterial infectious stimulus. In summary, the results
demonstrate that through the fractionation of a long chain w-3 PUFA-rich oil it is possible
to achieve oil fractions that have distinct activities on the inflammatory response, and that
oil fractions are obtained with significant anti-inflammatory activity after oral
administration.

[0095] The same oil fractions which had been evaluated for their anti-inflammatory activity
were analyzed for their relative or absolute levels of precursors for SPM biosynthesis as
well as the SPM themselves. All oils were stabilized by addition of butylated
hydroxytoluene in order to avoid inadvertent oxidation. Liquid-liquid extractions of the oil

fractions to isolate SPMs and their precursors did not reveal the presence of measurable
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levels of any mono-, di-, and tri-hydroxylated derivatives of PUFA, such as EPA, DHA, or
AA. However, when oils were hydrolyzed by alkaline hydrolysis (10 M NaOH, stirring, 3
hours, at 20°C.), a significant number of lipid mediators derived from EPA, DHA and AA
were detected. FIG.2 shows the relative abundance of the ethyl-esterified and saponifiable
forms of various monohydroxylated derivatives of the polyunsaturated fatty acids EPA and
DHA, in consecutively-cluted oil fractions of an industrial scale SFC fractionation of the
intermediate long chain @-3 fatty acid-ethyl ester concentrate (containing 70% EPA-EE and
DHA-EE combined). The fractions numbered 1-8 are the same as those tested for anti-
inflammatory activity as shown in Figure 1. Values are means of duplicate measurements of
peak areas of mass spectrometric recordings of ion transitions corresponding to each PUFA
derivative. No measurable levels of the corresponding free fatty acid forms of the same
PUFA derivatives could be found in these oil fractions. (Abbreviations; HEPE, hydroxy-
eicosapentaenoic acid; HDHA, hydroxy-docosahexaenoic acid). Since these oil fractions are
derived from ethyl-esterified oil employed in the industrial scale concentration and
purification of EPA-EE and DHA-EE, the measured lipid mediators are ethyl esters
themselves. Several of the measured compounds are known as intermediate precursors tor
the formation of SPMs, such as 4-hydroxy-docosahexaenoic acid (4-HDHA,; 4-hydroxy-
5E,77,10Z,13Z,16Z,19Z-docosahexaenoic acid), and 18-hydroxy-eicosapentaenoic acid (18-
HEPE; 18S8-hydroxy-57.,87.,117,147.16E-eicosapentaenoic acid). 18-HEPE is a precursor
for the formation of E-series resolvins, and 4-HDHA is known to have anti-inflammatory
and tissue-protective actions in vasoproliferative retinopathy, and may act as a precursor for
4-HDHA-derived SPMs. The various measured SPM precursors distributed differentially
into the various oil fractions obtained by SFC. This observation indicates that fractionation
of commonly employed ®-3 PUFA-containing oils can permit the manufacturing of oils
containing defined presence, combinations, and levels of distinct PUFA-derived lipid
mediators.

[0096] One derivative of DHA, 17-hydroxy-docosahexaenoic acid (17-HDHA; 17-hydroxy-
docosa-47,77,10Z,137,15E,19Z-hexacnoic acid), is of interest as a precursor for SPM
biosynthesis, namely as a central precursor for the formation of the D-series resolvins
RvD1, RvD2, RvD3 and RvD4 with potent anti-inflammatory and inflammation resolving
bioactivity. FIG.3A shows the concentration of the ethyl ester of 17-HDHA in several
consecutively eluted oil fractions of industrial scale SFC of the intermediate long chain ©-3
fatty acid-ethyl ester concentrate (containing 70% EPA-EE and DHA-EE combined),

corresponding to the same fractions as shown in Figures 1 and 2. Quantification of 17-
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HDHA-ethyl ester as a saponifiable substance in the consecutively eluting SFC oil fractions
was carried out using internal standards and LC-triple quadrupole mass spectrometry.
Values are mean =+ standard error of the mean (n=3 individual chromatographic separations,
measured in duplicate). The results show that 17-HDHA-ethy] ester is enriched in the first
eluting fraction, reaching concentrations of approximately 110 mg/l (0.01% w/v). No
measurable levels of the corresponding free fatty acid form of 17-HDHA could be found in
these fractions. Measurement of 17-HDHA levels in the first oil fraction of several SFC-
fractionated lots of this intermediate long chain @-3 fatty acid-ethyl ester concentrate, which
is produced by industrial-scale supercritical fluid extraction (SFE), has indicated that the
range of concentrations of 17-HDHA in this fraction lies in the range of 30-110 mg/l. This
shows that specific industrial-scale fractionation steps can be devised to enrich specific
SPMs and SPM precursors into defined oil fractions.

[0097] It was of interest to determine that these SPM precursors found in an ®-3 PUFA-rich
oil are of natural origin like the PUFA-ethyl esters themselves in which these substances
are dissolved. To that end a chiral high performance liquid chromatography-triple
quadrupole mass spectrometric analysis ot the 17-HDHA-ethyl ester tound enriched in
fraction number 1 was carried out in order to determine the relative abundance of the
stereoisomers 17S-HDHA and 17R-HDHA (top panel). Oil fraction number 1 analyzed here
is the same as oil fraction number 1 shown in Figures 1, 2, and 3A. Evaluation of co-
migration of the observed lipid mediators with authentic synthetic standards (bottom panel)
of the stereoisomers and selected ion monitoring of specific mass transitions by triple
quadrupole mass spectrometry indicate that 17-HDHA-ethy] ester in fraction 1 is the natural
S stereoisomer. The bottom panel shows the retention times of authentic synthetic standards
of the stercoisomers of 17-HDHA, 14-HDHA, 7-HDHA and 4-HDHA. Also 4-HDHA is
shown here to be present predominantly as the natural S stereoisomer. Chemical oxidation is
not responsible for the 17-HDHA and 4-HDHA present in oil fraction 1, since the products
are not racemic. Since the S-stereoisomer of monohydroxylated PUFA is the naturally
formed isomer formed by most lipoxygenases, the presence of this stercoisomer in this oil
fraction indicates that 17-HDHA and 4-HDHA have a natural origin and are co-extracted
and co-purified with long chain ®-3 PUFA all along the industrial process up to the step
where SFC fractionation was carried out. Fractionation by a dedicated separation
technology, such as supercritical fluid chromatography shown here, furthermore permits the
fractionation of select SPMs and SPM precursors of natural origin into specific oil

fractions.
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[0098] With respect to 17-HDHA, it is possible that the anti-inflammatory activity of oil
fraction 1 (shown in Fig. 1A) can therefore be explained, at least in part, due to the
selective enrichment of this anti-inflammatory SPM precursor into this oil fraction. In order
to determine the anti-inflammatory action and contribution of 17-HDHA, the anti-
inflammatory effect of fraction 1 was determined in a well-known model of sterile
inflammation. Figure 4 shows the anti-inflammatory effect of oil fraction number 1
administered by gavage in a murine model of peritoneal inflammation induced by
intraperitoneal administration of the yeast membrane extract zymosan A. Selective changes
in specific inflammatory cell populations in the inflammatory exudate 4 hours after initiation
of inflammation were determined. Vehicle (100 microliter sterile saline), 100 microliter oil
fraction 1, or 1 microgram synthetic 17S-HDHA (Cayman Chemicals) in sterile saline was
administered by gavage 30 minutes prior to intraperitoneal injection of 0,1 mg zymosan A.
Oil fraction 1 analyzed here is the same as fraction number 1 shown in figures 1, 2, and 3.
After 4 hours, the inflammatory exudate was recovered and the changes in the number and
types of inflammatory cells determined by fluorescent-activated cell sorting employing
specitic fluorescently-labeled antibodies. Values are mean + standard error ot the mean of 6-
7 individual mice. Statistically significant differences (Student’s #-test) are indicated by *
(P<0,05) or # (P<0,10) for comparisons of inflammatory exudate cell numbers obtained after
treatment with oil fraction 1 or compared to the vehicle-treated mice. As shown in Figure 4,
administration of oil fraction 1 significantly decreased the total number of exudate cells and
the number of polymorphonuclear leukocytes (PMN). This anti-inflammatory effect was
reproduced by the oral administration (gavage) of 17S-HDHA. No statistically significant
changes were measured for monocytes, macrophages or lymphocytes. The result indicate
that the anti-inflammatory efficacy upon oral administration of oil fraction 1 containing
approximately 100 mg/l (10 microgram in 100 microliter) 17S-HDHA-ethyl ester, is very
similar to the anti-inflammatory action of synthetic 17S-HDHA. The results furthermore
show that oil fraction 1 has systemic anti-inflammatory efficacy after oral administration in
two distinct models of acute inflammation in mice, namely zymosan-initiated peritonitis
and sub-cutaneous inflammation induced by lipopolysaccharide.

[0099] EXAMPLE 2: Presence of SPMs and SPM precursors in oils of natural origin
[00100] Figure 5A shows the presence of two resolvins, resolvin D1 and resolvin D2,
as saponifiable matter in a crude “1812” fish oil obtained from Peruvian anchovy. This oil is
a common raw material which contains approximately 18% EPA and 12% DHA. Anchovy
“1812” (18/12 means an oil containing 18% EPA and 12% DHA) oil is the omega-3 fish oil
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which is currently used in largest volumes world-wide for the manufacturing of refined fish
oils and fish oil concentrates which have increased levels of the @-3 PUFA EPA and DHA.
This oil is composed predominantly of triglycerides, indicating that RvD1 and RvD2 are most
probably acylated within triglycerides. Alternatively, or in part, these resolvins may also be
acylated within a diglyceride or monoglyceride, phosphatidic acid, phospholipid, or other
ester or amide species present in this oil. No measurable levels of RvD1 or RvD2 in the free
carboxylic acid form were found in this oil. The chromatogram shows that SPMs which are
known to possess extremely potent anti-inflammatory and resolution-stimulating activities,
are present in long chain ®-3 PUFA containing oils that are widely used in the industry for
the manufacturing of long chain ®-3 PUFA-containing oils as nutritional supplements and
pharmaceutical ingredients.

[00101] A side-by-side comparison of oils obtained from different long chain ®-3
PUFA-containing organisms, demonstrates that 17-HDHA 1is present as saponifiable
substance in oils from anchovy, tuna, krill, and algae, as shown in Fig. 5B. Two different
crude anchovy oils, which are commonly employed as starting material for the preparation of
EPA- and DHA-containing tish oils and EPA- and DHA-ethyl ester concentrates, are shown
to contain 17-HDHA (18/12 means an oil containing 18% EPA and 12% DHA, 22/08 means
an oil containing 22% EPA and 8% DHA). These two exemplary crude oils contain up to
30% EPA and DHA combined, but it is here shown that such oils also contain the SPM
precursor 17-HDHA. Measurement of 17-HDHA in tuna, krill and algae oils, which are also
widely used as dietary supplements for their content of EPA and DHA, showed that these oils
also contained significant levels of 17-HDHA. Also in these oils, the measured 17-HDHA
was present in the form of saponifiable substance pointing to the acylated nature of the SPM
precursor. The tuna, krill and algae oils are commercially available oils. The tuna oil is a tuna
liver oil. The algae oil is a DHA-containing algae oil obtained from a dinoflagellate algae,
Order Peridiniida. In particular, these krill and algae oils are extracted from organisms which
are purposefully caught or cultured for their relatively high content of DHA, and are shown
here to contain relatively high levels of 17-HDHA when compared to the measured fish oils.
The presence of this precursor for D-series resolvins demonstrates that oils can be produced
with defined levels of SPMs or SPM precursors, and that such oils can be employed for the
manufacturing of oils in which these compounds are further enriched.

[00102] A qualitative profiling of the presence of a number of SPMs and SPM
precursors in oils obtained from fish, algae and krill, demonstrated the presence of specific

SPMs and SPM precursors in the oils (Fig. 5C). The measurement of the various SPMs and
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SPM precursors was perfomed by liquid chromatography-tandem mass spectrometry
employing diagnostic transitions and co-elution with commercially available lipid mediator
standards. All compounds detected correspond to saponifiable substances present in the oils,
and no corresponding compounds in their free carboxylic acid form were measurable. For
example, both EPA- and DHA-derived monohydroxylated SPM precursors and SPMs are
present in two fish oils such as a refined “18/12” anchovy oil (containing 18% EPA and 12%
DHA) and in an ethyl-esterified tuna liver oil. In contrast, DHA-derived lipid mediators
predominate in an oil extracted from algae which are cultured for their high levels of DHA. A
krill oil was demonstrated to contain both EPA and DHA-derived monohydroxylated lipid
mediators, but the EPA-derived compound appear more abundant than the DHA-derived lipid
mediators. This was also reflected in the presence of the epoxygenated derivatives, where the
DHA-derived SPM 19(20)-epoxy-docosapentaenoic acid (19(20)-EpDPE; 19(20)-epoxy-
docosa-47,77,10Z,13Z,16Z-pentacnoic acid) was the dominant epoxy-derivative in the algae
oil, and the EPA-derived SPM 17(18)-epoxy-eicosatetracnoic acid (17(18)-EpETE; 17(18-
epoxy-eicosa-57,87,117,147-tetracnoic acid) and 11(12)-epoxy-eicosatetraenoic acid
(11(12)-EpETE; 11(12)-epoxy-eicosa-5Z,87,147Z,177/-tetraenoic acid) predominating in the
krill oil. Minor components of interest can be identified, such as shown for the tuna liver oil,
where the double hydroxylated DHA-derived lipid mediator 10S,17S-dihydroxy-
docosahexaenoic acid (108,178-diHDHA; 108,17S8-dihydroxy-docosa-
47.,77,11E,13Z,15E,19Z-hexaenoic acid), as well as 7,17-dihydroxy-docosapentaenoic acid
(®-3) (7,17-diHDPA (@-3); (7S,17S-dihydroxy-docosa-8E,10Z,13Z,15Z7,19Z-pentaenoic
acid (©-3)) were found to be present. An oxo derivative of docosapentaenoic acid (®-3), 17-
keto-docosapentaenoic acid (w-3) (17-keto-DPA) was also detected in all tested oils. Oils
obtained from different long chain ®-3 PUFA-containing organisms thus have markedly
different composition with respect to SPMs and SPM precursors. Differentiation of oils
obtained from long chain w-3 PUFA-containing organisms based on the content of PUFA-
derived lipid mediators is thus possible, and constitutes a valuable base on which to decide
which oils might be useful for further fractionation by separation and extraction methods to
obtain oils with defined presence, combinations of, and enriched levels of one or more SPMs
and SPM precursors.

[00103] EXAMPLE 3: Enrichment of SPMs and SPM precursors

[00104] Figure 6A shows the seclective fractionation of four exemplary oxygenated
lipid mediators derived from EPA, DHA, and docosapentacnoic acid (DPA ®-3), into distinct

oil fractions. The starting material which was fractionated by SFC into eight consecutive oil
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fractions was a fatty acid-ethyl ester oil containing 56% EPA-EE plus DHA-EE combined.
This oil corresponds to a long chain -3 ethyl ester concentrate manufactured from crude oil
extracted from a mixture of marine organisms, including marine fish (anchovy, sardine,
herring, shad, smelt, salmon, tuna, and bonito) and mollusks (squid, octopus, and cuttlefish).
SFC fractionation is carried out in the following way. A raw material tank, previously
blanketed with nitrogen, is charged with the omega-3 fatty acid ethyl ester concentrate. The
tank content is warmed up if necessary and temperature stabilized approximately between 20-
40°C. This oil is processed batch-wise by passing it through a chromatographic column. Oil
volumes weighing between 9.0 and 12 kg are pumped adjusting pressure and temperature at
about 110-135 bars and 20-40°C. Carbon dioxide is pumped at the same time at 110-130 bars
and between 43.5-45.5°C. Both flows (omega-3 concentrate and carbon dioxide) are injected
onto the head of the chromatographic column flowing inside at a pressure between 98-102
bar and a temperature between 43.5-45.5°C. Taking advantage of differences in retention of
the components which make up the oil to be separated through the chromatographic column,
filled with modified silica stationary phase, different fractions are collected. Total elution
times of single fractionation runs are between 40-85 minutes. Eluted material is collected in
eight consecutively-eluted fractions that last between 2-20 minutes. The ratio between mobile
phase (supercritical carbon dioxide) and feed (omega-3 concentrate) is between 600-850 Kg
solvent/K g feed.

[00105] The consecutively eluted oil fractions contain different levels of several SPMs
and SPM precursors (Fig. 6A), as exemplified by 12-hydroxy-eicosapentaenoic acid (12-
HEPE,; 12-hydroxy-¢icosa-57,87,10E,14Z,17Z-pentaenoic acid), 14-hydroxy-
docosahexaenoic acid (14-HDHA; 14-hydroxy-docosa-47,77,10Z,12E,16Z,19Z-hexaenoic
acid), 19(20)-epoxy-docosapentaenoic acid (19(20)-EpDPE) and 17-keto-docosapentaenoic
acid (0-3) (17-keto-DPA (®-3)). Values are means of two samples for each oil fraction from
two independent industrial scale fractionation runs, measured in duplicate. Results are
expressed as percent enrichment compared to the oil which was fractionated. The EPA-
derived monohydroxylated lipid mediator 12-HEPE was found to be predominantly present
in the second fraction (Fig. 6A). The DHA-derived SPM precursor 14-HDHA was
predominantly found in the first fraction. 14-HDHA can be further oxygenated to form, for
example, 14,21-dihydroxy-docosahexaenoic acid which has known potent wound healing
activity. 14-HDHA can also be further oxygenated to 7S,14S-dihydroxy-docosahexaenoic
acid (7S,14S-dihydroxy-docosa-4Z,8E,10Z,12E,16Z,19Z-hexacnoic acid) which has anti-

inflammatory activity in neutrophilic inflammation. The epoxygenated lipid mediator
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19(20)-EpDPE, which is a cytochrome P4s50 derivative of DHA with anti-inflammatory
properties, was found selectively enriched in later eluting fractions, especially in fraction 5.
An oxo derivative of docosapentaenoic acid (®-3), 17-keto-DPA (®-3), was found to be
enriched in fractions 3 to 7. The results indicate that enrichment of one or more specific
oxygenated derivatives of EPA, DHA, and DPA (®-3) can be achieved by SFC
fractionation of long chain -3 PUFA ethyl ester concentrates. The compounds correspond
to saponifiable material, and no corresponding free carboxylic acids were measurable in the
oil fractions.

[00106] Figure 6B shows the further enrichment of 17-HDHA-ethyl ester when the
first SFC fraction of an intermediate long chain ©-3 fatty acid-ethyl ester concentrate
containing 70% EPA-EE and DHA-EE combined is fractionated further. The subfractionated
oil corresponds to oil fraction 1 shown in Figures 1-3, and which had previously been found
to contain enriched levels of the D-series resolvin precursor 17S-HDHA in the form of ethyl
ester (Fig. 3A). Further fractionation by SFC into three subfractions eluting between 0 and 2
minutes (fraction 1A), from 2 to 7 minutes (fraction 1B), and from 7 to 12 minutes (fraction
1C), afforded additional enrichment into fraction 1B. Values are the relative levels of 17-
HDHA-ethyl ester (means + S.D.) in the three sub-fractions. The results indicate that further
enrichment of a specific SPM precursor can be achieved by employing specific separation
mcthods such as SFC.

[00107] EXAMPLE 4: Resolution-stimulating activity of an oil containing
enriched level of an SPM precursor

[00108] Referring to Figure 7 which shows the resolution of inflammation stimulated
by a SPM precursor-containing oil. The resolution-stimulating (pro-resolving) activity of oil
fraction 1 was determined as an example to the capacity of an oil fraction containing an
SPM precursor, to activate the resolution of inflammation. Figure 7 shows the results of an
evaluation where the changes in inflammatory cell numbers were measured by
histochemistry of subcutaneous fibrin clots formed during the inflammatory response
initiated by subcutaneous administration of LPS. Oil fraction 1 or vehicle (sterile saline) in
100 microliter volume was administered by gavage to mice 30 minutes prior to initiation of
inflammation by subcutaneous administration of LPS. LPS-induced inflammation employed
here was the same model as explained in Example 1. Oil fraction 1 is the first eluting
fraction of an industrial-scale SFC fractionation of an intermediate long chain ©-3 PUFA-

ethyl ester concentrate containing 70% EPA-EE and DHA-EE combined, and is the same
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fraction tested in Examples 1-3. This oil fraction 1 corresponds to fraction 1 shown in Figures
1-3 and was previously found to contain enriched levels of the D-series resolvin precursor
175-HDHA in the form of ethyl ester. Subcutaneous fibrin clots were isolated at different
time points (3, 6, 24 and 48 hours) during the inflammatory response, and fixated with 4%
formaldehyde for 24 hours at 4°C.. Glass slides for microscopy with 4 micrometer thick
paraffin sections were prepared after tissue dehydration, and stained in modified Wright-
Giemsa. Inflammatory cells were counted by microscopy at 400x magnification in full
ocular fields of two parts of at least 3 tissue sections per condition. Values are average total
inflammatory cell counts per ocular field (mean + S.D.) of 3 individual mice per time point.
Inflammatory cell infiltration in control mice reached maximum at 24 hours after
administration of LPS, and thereafter inflammation resolved spontaneously towards 48 hours.
In mice which had received oil fraction 1 by gavage, the sub-cutaneous inflammation
induced by LPS is almost completely resolved (Fig. 7). The SPM-precursor enriched oil
fraction, which had already been shown to have a significant anti-inflammatory action on
the early neutrophilic pro-inflammatory phase of the inflammatory response (Fig. 1, panel
A), 1s here shown to also have a marked resolution-stimulating (proresolving) activity upon
oral administration.

[00109] It is to be understood that while the invention has been described in
conjunction with the detailed description thereaof, the foregoing description is intended to
illustrate and not limit the scope of the invention, which is defined by the scope of the
appended claims. Other aspects, advantages, and modifications are within the scope of the
following claims.
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What is claimed is:

L. A fractionate comprising naturally occurring Specialized Proresolving Mediators (SPMs)
or SPM precursors, wherein the SPMs or SPM precursors comprise 18-HEPE (18-hydroxy-
eicosapentaenoic acid), 17-HDHA (17-hydroxy-docosahexaenoic acid) and 14-HDHA (14-
hydroxy-docosahexaenoic acid), wherein the fractionate has anti-inflammatory or resolution

stimulating activity, and wherein the 17-HDHA is present in an amount of at least 100 mg/L.

2. A fractionate comprising naturally occurring Specialized Proresolving Mediators (SPMs)
or SPM precursors, wherein the SPMs or SPM precursors comprise 18-HEPE (18-hydroxy-
eicosapentaenoic acid), 17-HDHA (17-hydroxy-docosahexaenoic acid) and 14-HDHA (14-
hydroxy-docosahexaenoic acid), wherein the fractionate has anti-inflammatory or resolution

stimulating activity, and wherein the 17-HDHA is present in an amount of about 100 mg/L.

3. The fractionate of claim 1 or 2, wherein the SPMs or SPM precursors are derived from
one or more marine organisms, one or more plants, one or more microbial organisms, one or
more transgenic organisms having the capacity to form long chain omega-3 polyunsaturated fatty

acids, or a combination thereof.

4. The fractionate of claim 3, wherein the one or more marine organisms is selected from

the group consisting of fish, crustaceans, algae, mollusks, and combinations thereof.

5. The fractionate of any one of claims 1 to 4, wherein the SPMs or SPM precursors are

saponifiable compounds.

6. The fractionate of claim 5, wherein the SPM or SPM precursors are in an ethyl ester, a

triglyceride, a diglyceride, a monoglyceride and/or a phospholipid form.

7. The fractionate of claim 6, wherein the SPM or SPM precursors are in the ethyl ester
form.
8. The fractionate of claim 5, wherein the SPM or SPM precursors are in triglyceride form.
9. The fractionate of claim 8, the triglyceride form is a remodeled triglyceride.
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10.  The fractionate of any one of claims 1 to 6, further comprising long chain omega-3

polyunsaturated fatty acids.

11. The fractionate of claim 10, characterized in that the long chain omega-3 polyunsaturated

fatty acids comprise EPA and/or DHA.

12.  The fractionate of any one of claims 1 to &, further comprising an SPM, wherein the SPM

is:
resolvin El (RvEL; 5S,12R,18R-trihydroxy-eicosa-6Z,8E 10E, 14Z,16E-pentaenoic acid);
18S-resolvin El (18S-RvEl; 5S,12R,18S-trihydroxy-eicosa-6Z,8E,10E,14Z,16E-
pentaenoic acid);
20-hydroxy-RvE 1 (5S,12R,18R,20-tetrahydroxy-eicosa-6Z,8E,10E, 14Z, 16E-
pentaenoic acid);
resolvin E2 (RvE2; 5S,18-dihydroxy-eicosa-6E,87,11Z,14Z,16E-pentaenoic acid),
resolvin E3 (RvE3; 17,18R-dihydroxy-eicosa-5Z,8Z,11Z,13E,15E-pentaenoic acid);
18S-resolvin E3 (18S-RvE3; 17,18S-dihydroxy-eicosa-57,87,11Z,13E,15E-pentaenoic
acid);
17,18-epoxy-eicosa-5Z,87,11Z,13E,15E-pentaenoic acid;
lipoxin AS (LXAS5; 5 S,6R, 15S-trihydroxy-eico sa-7E,9E,11Z,13E,17Z-pentaenoic
acid);
15-epi-lipoxin A5 (LXAS; 5S,6R,15R-trihydroxy-eicosa-7E,9E,11Z,13E,17Z-
pentaenoic acid);
maresin 1 (MaR1; 7R,14S-dihydroxy-docosa-4Z,8E,10E,12Z.,16Z,19Z-hexaenoic acid);
7S-maresin 1 (7S-MaRl; 7S,14S-dihydroxy-docosa-4Z,8E,10E,12Z,16Z,19Z-hexaenoic
acid);
7S,14S-diHDHA (78S,14S-dihydroxy-docosa-4Z,8E,10Z,12E,16Z,19Z-hexaenoic acid);
protectin D1 (PD1; 10R,17S-dihydroxy-docosa-4Z,7Z,11E,13E,15Z,19Z-hexaenoic
acid);
10S,17S-diHDHA (10S,17S-dihydroxy-docosa-4Z,7Z,11E,13Z,15E,19Z-hexaenoic
acid);
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148,21S-diHDHA (148S,21S-dihydroxy-docosa-4Z,7Z,10Z,12E,16Z,19Z-hexaenoic
acid);

14R,21S-diHDHA (14R,21S-dihydroxy-docosa-4Z,7Z,10Z,12E,16Z,19Z-hexaenoic
acid);

14R 21R-diHDHA (14R,21R-dihydroxy-docosa-4Z,77Z,10Z,12E,16Z,19Z-hexaenoic
acid);

13S,14S-epoxy-DHA (13S,14S-epoxy-docosa-4Z,77,9E,11E,16Z19Z-hexaenoic acid);
16,17S-diHDHA (16,17S-dihydroxy-docosa-4Z,77,10Z,12E, 14E,19Z-hexaenoic acid),
16,17-epoxy-DHA (16,17-epoxy-docosa-4Z,7Z,10Z,12E,14E,19Z-hexaenoic acid),
resolvin D1 (RvD1; 7S,8R,17S-trihydroxy-docosa-4Z,9E 11E 13Z,15E,19Z-hexaenoic
acid);

resolvin D2 (RvD2; 7S,16R,17S-trihydroxy-docosa-4Z,8E,10Z,12E,14E,19Z-hexaenoic
acid);

resolvin D3 (RvD3; 45,11R,17S-trihydroxy-docosa-5Z,7E 9E,13Z,15E,19Z-hexaenoic
acid);

resolvin D4 (RvD4; 4S,5,17S-trihydroxy-docosa-6E,8E,10Z,13Z,15E,19Z-hexaenoic
acid);

resolvin D5 (RvD5; 7S,17S-dihydroxy-docosa-5Z,8E,10Z,13Z,15E,19Z-hexaenoic
acid);

resolvin D6 (RvD6; 4S,17S-dihydroxy-docosa-SE,7Z,10Z,14Z,16E, 19Z-hexaenoic
acid);

aspirin-triggered resolvin D1 (AT-RvD1; 7S,8R,17R -trihydroxy-docosa-
47.9E,11E,13Z,15E, 19Z-hexaenoic acid);

aspirin-triggered resolvin D2 (AT-RvD2; 7S,16R,17R-trihydroxy-docosa-4Z,8E,10Z,
12E,14E,19Z-hexaenoic acid);

aspirin-triggered resolvin D3 (AT-RvD3; 4S,11,17R-trihydroxy-docosa-
57,7E,9E,13Z,15E,19Z-hexaenoic acid);

aspirin-triggered resolvin D4 (AT-RvD4; 48,5,17R-trihydroxy-docosa-
6E,8E,10Z,13Z,15E,19Z-hexaenoic acid),
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aspirin-triggered resolvin D5 (AT-RvDS; 78,17R-dihydroxy-docosa-5Z,8E,10Z,13Z,
15E,19Z-hexaenoic acid);

aspirin-triggered resolvin D6 (AT-RvD6; 4S,17R-dihydroxy-docosa-5E,7Z,10Z,14Z,
16E,19Z-hexaenoic acid),

7S,175-diHDPA n-3 (7S,17S-dihydroxy-docosa-8E,10Z,13Z,15Z,19Z-pentaenoic acid
(0-3));

lipoxin A4 (LXA4; 5S5,6R,15S-trihydroxy-eicosa-7E,9E, 11Z,13E-tetraenoic acid);
15-epi-lipoxin A4 (15-epi-LXA4; 5S,6R,15R-trihydroxy-eicosa-7E,9E,11Z,13E-
tetraenoic acid);

Deltal2-prostaglandin J2 (deltal2-PGJ2; 11-0x0-15S-hydroxy-prosta-57.,9,12E-trienoic
acid);

15-deoxy-deltal2,14-prostaglandin J2 (15-deoxy-deltal2,14-PGJ2; 11-oxo-prosta-
57.9,12E,14E-tetraenoic acid);

11(12)-epoxy-eicosatetraenoic acid (11(12)-EpETE; 11(12)-epoxy-eicosa-
5787147177 -tetraenoic acid);

17(18)-epoxy-eicosatetraenoic acid (17(18)-EpETE; 17(18-epoxy-eicosa-
57.,87,11Z,14Z-tetraenoic acid);

19(20)-epoxy-docosapentaenoic acid (19(20)-EpDPE; 19(20)-epoxy-docosa-
47.,77.,10Z,13Z,16Z-pentaenoic acid);

10S,17S-HDPA n-6 (10S,17S-dihydroxy-docosa-4Z,7Z,11E,13Z,15E-pentaenoic acid);
7,17-HDPA n-6 (7,17-dihydroxy-docosa-4Z.8E,10Z,13Z,15E-pentaenoic acid);
7,14-HDPA n-6 (7,14-dihydroxy-docosa-4Z,8E,10Z,12Z,16Z-pentaenoic acid),
10S,17S-HDPA n-6 (10S,17S-dihydroxy-docosa-7Z,11E,13Z,15E,19Z-pentaenoic
acid);

7,17-HDPA n-6 (7,17 dihydroxy-docosa-8E,10Z,13Z,15E, 19Z-pentaenoic acid); or a

combination thereof.

13. The fractionate of any one of claims 1 to 8, further comprising an SPM precursor,

wherein the SPM precursor is:
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5S-HEPE (5S-hydroxy-eicosa-6E,8Z,11Z,14Z,17Z-pentaenoic acid);
11S-HEPE (11S-hydroxy-eicosa-5Z,87,12E 14Z,17Z-pentaenoic acid);
12S-HEPE (12S-hydroxy-eicosa-5Z,8Z,10E,14Z,17Z-pentaenoic acid);
12R-HEPE (12R-hydroxy-eicosa-5Z,8Z,10E,14Z,17Z-pentaenoic acid);
15S-HEPE (15S-hydroxy-eicosa-5Z,87,11Z,13E,17Z-pentaenoic acid);
4S-HDHA (4S-hydroxy-docosa-5E,7Z,10Z,13Z,16Z,19Z-hexaenoic acid);
7S-HDHA (7S-hydroxy-docosa-4Z,8E,10Z,13Z,16Z,19Z-hexaenoic acid);
10S-HDHA (10S-hydroxy-docosa-4Z,7Z,11E,13Z,16Z,19Z-hexaenoic acid);
11S-HDHA (118-hydroxy-docosa-4Z,7Z,9E,13Z,16Z,19Z-hexaenoic acid);
20S-HDHA (20S-hydroxy-docosa-4Z7,772,10Z, 13Z, 16Z, 19Z-hexaenoic acid);,
17S-HDPAn-6 (118-hydroxy-docosa-4Z,7Z.,9E,13Z,16Z,19Z-hexaenoic acid);
14S-HDPAn-6 (14S-hydroxy-docosa-4Z,77,10Z,12E 16Z-pentaenoic acid);
10S-HDPAn-6 (10S-hydroxy-docosa-4Z,7Z,11E,13Z,16Z-pentaenoic acid),
17S-HDPAn-3 (17S-hydroxy-docosa-72,10Z,13Z,15E,1 9Z-pentaenoic acid),
14S-HDPAn-3 (17S-hydroxy-docosa-77,10Z,12E,16Z,19Z-pentaenoic acid);
10S-HDPAn-6 (10S-hydroxy-docosa-7Z,11E,13Z,16Z,19Z-pentaenoic acid);
158-HETE (15S-hydroxy-eicosa-5Z,8Z,11Z,13E-tetraenoic acid);

15R-HETE (15R-hydroxy-eicosa-5Z,8Z,11Z,13E-tetraenoic acid); or a combination
thereof.

14.  The fractionate of claim 1, wherein the 17-HDHA is 17S-HDHA, 17R-HDHA, or a

combination thereof.

15.  The fractionate of claim 1 or 14, wherein the 18-HEPE is 18S-HEPE, 18R-HEPE, or a

combination thereof.

16.  The fractionate of any one of claims 1 to 15, further comprising a carrier or an

excipient.

17.  An ex vivo method of producing an anti-inflammatory or resolution-stimulating

naturally occurring fractionate comprising the steps of:

44

Date Recue/Date Received 2023-05-16



CA 2873055

a) detecting an SPM or SPM precursor in an oil, wherein the SPM or SPM precursor
comprises 14-HDHA, 17-HDHA, and 18-HEPE;

b) fractionating the oil into a plurality of fractions;

¢) measuring the anti-inflammatory or resolution-stimulating activity of at least one of
the fractions; and

d) repeating steps a, b, and/or ¢, until a fractionate comprising 14-HDHA, 17-HDHA,, and
18-HEPE is obtained, wherein the fractionate comprises 100 mg/L or more of 17-HDHA.

18.  The method of claim 17, wherein the fractionation is carried out by extraction and

separation methods.

19.  The method of claim 18, wherein the extraction method comprises supercritical fluid
extraction with carbon dioxide as solvent carried out under supercritical conditions, in a
temperature range of 27°C to 60°C, a pressure range of 80 to 180 bar, and a solvent/feed ratio,
by weight, of 10 to 800.

20.  The method of claim 18, wherein the separation method comprises supercritical fluid
chromatography with carbon dioxide as solvent carried out under supercritical conditions, in a
temperature range of 27°C to 60°C, a pressure range of 80 to 180 bar, and a solvent/feed ratio,
by weight, of 10 to 800.

21.  The fractionate of any one of claims 1 to 16, for use in reducing inflammation or

stimulating resolution of inflammation.

22. A nutritional supplement having anti-inflammatory or resolution-stimulating activity

comprising the fractionate of any one of claims 1 to 16.

23. A phammaceutical composition having anti-inflammatory or resolution-stimulating
activity comprising the fractionate of any one of claims 1 to 15 and at least one pharmaceutically

acceptable excipient or carrier.
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24. A cosmetic composition having anti-inflammatory or resolution-stimulating activity

comprising the fractionate of any one of claims 1 to 15 and at least one excipient or carrier.

25.  Use of the fractionate of any one of claims 1 to 16 in the manufacture of a medicament

for lowering macroscopic and physical signs of inflammation.

26.  Use of the fractionate of any one of claims 1 to 16 for lowering macroscopic and physical

signs of inflammation.

27.  Use of the fractionate of any one of claims 1 to 16 for treating an inflammatory condition.

28.  Use of the fractionate of any one of claims 1 to 16 in the manufacture of a medicament

for treating an inflammatory condition.

29.  Use of the fractionate of any one of claims 1 to 16 in the manufacture of a medicament

for treating inflammation in a subject having a disease with an inflammatory component.

30.  Use of the fractionate of any one of claims 1 to 16 for treating inflammation in a subject

having a disease with an inflammatory component.

31. The use of claim 29 or 30, wherein the disease is cardiovascular disease, metabolic
syndrome, neurodegenerative disease, atopic/allergic reactions, osteoarthritis, rheumatoid
arthritis, inflammatory pain, acne, psoriasis, rosacea, asthma, acute lung injury, chronic
obstructive pulmonary disease, cystic fibrosis, sepsis, allergic rhinitis, sinusitis, periodontitis,
inflammatory bowel disease, Crohn's disease, macular degeneration, dry eye syndrome, gastric

ulceration, cancer, apraxia, or auto-inflammatory disorders.

32. The use of claim 31, wherein the cardiovascular disease is atherosclerosis, high blood
pressure, hypercholesterolemia, hypertriglyceridemia, endothelial hyporeactivity, cardiac

infarction, or cerebral stroke.

33.  The use of claim 31, wherein metabolic syndrome is characterized by loss of insulin

sensitivity, obesity, hepatic steatosis, cholestasis, or a combination thereof.
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34.  The use of claim 31, wherein the neurodegenerative disease is Alzheimer's disease,

Parkinson disease, or multiple sclerosis.

35. A nutritional supplement having resolution-stimulating activity comprising the

fractionate of any one of claims 1 to 16.

36.  The fractionate of any one of claims 1 to 16 for use in lowering macroscopic and physical

signs of inflammation.
37.  The fractionate of any one of claims 1 to 16 for use in treating an inflammatory condition.

38.  The fractionate of any one of claims 1 to 16 for use in treating inflammation in a subject

having a disease with an inflammatory component.

39.  The fractionate of claim 38, wherein the disease is cardiovascular disease, metabolic
syndrome, neurodegenerative disease, atopic/allergic reactions, osteoarthritis, rheumatoid
arthritis, inflammatory pain, acne, psoriasis, rosacea, asthma, acute lung injury, chronic
obstructive pulmonary disease, cystic fibrosis, sepsis, allergic rhinitis, sinusitis, periodontitis,
inflammatory bowel disease, Crohn's disease, macular degeneration, dry eye syndrome, gastric

ulceration, cancer, apraxia, or auto-inflammatory disorders.

40.  The fractionate of claim 39, wherein the cardiovascular disease is atherosclerosis, high
blood pressure, hypercholesterolemia, hypertriglyceridemia, endothelial hyporeactivity, cardiac

infarction, or cerebral stroke.

41.  The fractionate of claim 39, wherein metabolic syndrome is characterized by loss of

insulin sensitivity, obesity, hepatic steatosis, cholestasis, or a combination thereof.

42.  The fractionate of claim 39, wherein the neurodegenerative disease is Alzheimer's

disease, Parkinson disease, or multiple sclerosis.

47

Date Recue/Date Received 2023-05-16



>

Bioluminescence
(relalive response)

2

Sicluminescence -

P
i

Bioluminescence

O

yminascences

Biol

CA 02873055 2014-11-07

WO 2013/170006

PCT/US2013/040314

111
FIG. 1

— BGO
& 1
£ 500 1
& e
% e
@ 400 e N
® | /% g T8
&= 200 | A #
Y
,;E):,, G { T i 1 G ! ! T '
0 9 180 270 %60 0 9 180 270 280
o 600 1P 60
% ‘.
Son | AN A
./' N s / b
L 4 Yy l 4(}0 - ,_,._..{Z]a._\.w“
3 / P s A N, R
S0 [ e Y A g
o / //g T 200 /////"“lg #
& 200 |/ # w4
% m{{f 4
N {} o ] i 7 f 0 7 T T j
0 o0 180 270 380 0 56 180 270 360
«jg 500 : 1H. 800 )
& . R , ? ..»*‘(.é"“"“““‘*"w. — _,_,.,._..—»l‘é‘
- ., _(‘;) P
2 400 - 4 400 - {/f}_}%(w:” o
,jif 200 - / % # 200 // i #
g g o *
I ¢ : , 0 : : : :
0 9 180 270 38D 0 90 180 270 360
Time {minutes) Time {minutas)

SUBSTITUTE SHEET (RULE 26)



CA 02873055 2014-11-07

PCT/US2013/040314

WO 2013/170006

211

FiG. 2

14-HDHA
10-HDHA

& S :
o] =
re) Q 4 -
ol «od A
SEBIE Head

L £
5 T 2E
2w GR
LG o
g
Lo
% - T —.Dn!._
LY
D]
4 : o
N
o X
] o
bl
i
£
) >
e
o
i~
7
Es 7
R R, \m\ &
\\\\\\\\“‘\\\\ \\\\\\\ o \w\\ =
\\\ 0w
\\\\\\?\
£

Fraction number

SUBSTITUTE SHEET (RULE 26)



CA 02873055 2014-11-07

WO 2013/170006 PCT/US2013/040314

KA N

FIG. 3A

17-HDHA-ethy! ester
concentration
{mg/t}

Fraction number

SUBSTITUTE SHEET (RULE 26)



WO 2013/170006

FiG. 3B

(%001 Alsus) oy

(0G0 L) AlSUBIUL DY

T

B L

s
a3
[ax)
o]
e
e L
i
]
s
iFs
o]
o]

CA 02873055 2014-11-07

PCT/US2013/040314

4111

17 S-HDHA

343»101

Tims, min

17 RHEA
¢ 17 3-HDHA

14 HOHA

Py

s

CwRHDMA e 2435208

3435141

343101

Time, min

SUBSTITUTE SHEET (RULE 26)



WO 2013/170006

FIG. 4

Cell number

{million)

CA 02873055 2014-11-07

PCT/US2013/040314

511

E Total

B PMN

O Monocytes
Macrophages
Lymphocytes

Vehicie Fraction 1 175-HDHA

SUBSTITUTE SHEET (RULE 26)



WO 2013/170006

2500 -

2000 -

Intensity, ¢ps

500 |

1500 |

1000 -

CA 02873055 2014-11-07

PCT/US2013/040314

6/11

3757215
RvD1)

375/215
(RviD2)

FIG. BA

Time, min

SUBSTITUTE SHEET (RULE 26)



WO 2013/170006

FIG. 58

17-HOHA (mg/l)

800 -

700 -

600 -

CA 02873055 2014-11-07

7711

PCT/US2013/040314

Crude
anchovy oil
"18/12"

Crude Crude tuna Krili oil
anchovy oi liver oil
"22/08"

SUBSTITUTE SHEET (RULE 26)

DHA-
containing
algae oil



WO 2013/170006

CA 02873055 2014-11-07

8/11

PEAK AREA

30000 -

20000 -

10000

Refined anchovy cit "1812"

(.0ee B

PEAK AREA

30000 -

20000 -

10000 -

Esterified tuna liver oil

PCT/US2013/040314

108,178 78,178
diHDHA  diHDPA

PEAK AREA

80000 -

&0000

40000

20000 -

Algas oil

g

T

PEAK AREA

8000C -
60000 -
43000 -
20000

Krill ot

SUBSTITUTE SHEET (RULE 26)

FiG. 5C




CA2873055
9/11

1 12-HEPE

7 14-HDHA

1 18(20)-EpDPE

i 17-keto-DPA (w-3)

600

506

;f:\
©
@
=
ol 400
D -
E T3y
C o3
G £ 0o
Somne
c Y]
- el
L o 200
e
o
SQ 100
R
g
&
@{b

Oil fraction

FIG. B6A

CA 2873055 2019-08-30



CA 02873055 2014-11-07

WO 2013/170006 PCT/US2013/040314

10/11

FIG. 6B

Enrichment of
17-HDHA-sthyl ester
(%)
=
[eb]

1A 1B 1C

Subfractions

SUBSTITUTE SHEET (RULE 26)



CA 02873055 2014-11-07

WO 2013/170006 PCT/US2013/040314

11711

FIG. T

-@-Vehicle
B0t fracrion 1

inflammatorycells
per field

SUBSTITUTE SHEET (RULE 26)



inflammatorycells

per field

400

300

Time
{hours)

~@~Yehicle
- fraction 1



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - CLAIMS
	Page 45 - CLAIMS
	Page 46 - CLAIMS
	Page 47 - CLAIMS
	Page 48 - CLAIMS
	Page 49 - CLAIMS
	Page 50 - CLAIMS
	Page 51 - CLAIMS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - DRAWINGS
	Page 62 - DRAWINGS
	Page 63 - REPRESENTATIVE_DRAWING

