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OMEGA-3 ENRICHED FISH OIL-IN-WATER
- PARENTERAL NUTRITION EMULSIONS

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of priority, and is a continuation-in-part of
U.S. Application No. 12/382,196 filed on March 11, 2009, the entire contents of

which are incorporated by reference herein.

BACKGROUND
Field
The present disclosure relates to an emulsion and a composition containing at
least omega-3 acid triglycerides and a medium-chain triglyceride. The emulsion can
be an oil-in-water emulsion. The emulsion and composition can be used, for

example, in parenteral administration.

Related Art

Oil-in-water parenteral emulsions have been used clinically for nutritional and
medical purposes. Of the various types of oils used, historically soybean oil was first
introduced almost 50 years ago and thus has the greatest clinical experience.

Parenteral emulsions are described in International Publication No. WO
97/19683, U.S. Patent No. 5,874,470 and U.S. Patent Application Publication No.[
2004/0247693.

U.S. Patent Application Publication No. 2004/0247693 discloses an isotonic
lipid emulsion including (i) about 60 to about 95% by weight of medium chain

triglycerides, and (ii) about 5 to 40% by weight of fish oil, based on the total amount



WO 2010/104575 PCT/US2010/000723

of lipids in the emulsion, under the proviso that the emulsion does not contain

vegetable oils.

SUMMARY
According to an exemplary aspect, an emulsion is provided comprising:
an oil component and a water component, the oil component comprising:
fish oil triglycerides in an amount of about 60% to about 90% based on
the weight of the oil component;
wherein the fish oil triglycerides comprise omega-3 fatty acids,
expressed as triglycerides, in an amount of at least 60%, based on the
total weight of the fatty acids of the fish oil triglycerides;
wherein the fish oil triglycerides comprise a total amount of EPA
and DHA, expressed as triglycerides, of at least 45%, based on the
total weight of the fatty acids of the fish oil triglycerides; and,
at least one medium-chain triglyceride oil, wherein a total amount of the
at least one medium-chain triglyceride oil is from about 10% to about 40%

based on the weight of the oil component.

According to another exemplary aspect, an oil composition suitable for use as
an oil component of an oil-in-water emulsion is provided, comprising:
fish oil triglycerides in an amount of about 60% to about 90% based on the
weight of the composition;
wherein the fish oil triglycerides comprise omega-3 fatty acids,
expressed as triglycerides, in an amount of at least 60% based on the

total weight of the fatty acids of the fish oil triglycerides;
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wherein the fish oil triglycerides comprise a total amount of EPA
and DHA, expressed as triglycerides, of at least 45%, based on the
total weight of the fatty acids of the fish oil triglycerides; and,
at least one medium-chain triglyceride oil, wherein a total amount of the at
least one medium-chain triglyceride oil is from about 10% to about 40% based on the

weight of the composition.

According to another exemplary aspect, an emulsion is provided comprising:
an oil component and a water component, the oil component comprising:
fish oil triglycerides in an amount of greater than 50% to about 90%
based on the weight of the oil component of the emulsion;
wherein the fish oil triglycerides comprise omega-3 fatty acids,
expressed as triglycerides, in an amount of at least 60%, based on the
total weight of the fatty acids of the fish oil triglycerides;
wherein the fish oil triglycerides comprise a total amount of EPA
and DHA. expressed as triglycerides, of at least 45%, based on the
total weight of the fatty acids of the fish oil triglycerides; and,

a medium-chain triglyceride oil.

According to another exemplary aspect, an emulsion is provided comprising:
an oil component and a water component, the oil component comprising:
fish oil triglycerides in an amount of about 31% to about 90% based on

the weight of the oil component of the emulsion;
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wherein the fish oil triglycerides comprise omega-3 fatty acids,
expressed as triglycerides, in an amount of at least 60%, based on the
total weight of the fatty acids of the fish oil triglycerides;
wherein the fish oil triglycerides comprise a total amount of EPA
and DHA, expressed as triglycerides, of at least 45%, based on the
total weight of the fatty acids of the fish oil triglycerides; and,
a medium-chain triglyceride;
wherein the emulsion is an oil-in-water emulsion, and wherein the
concentration of the oil component in the emulsion is 5 g/100 mL to less than 20
g/100 mL, or the concentration of the oil component in the emulsion is greater than

20 9/100 mL to 30 g/100 mL.

According to another exemplary aspect, an emulsion is provided comprising:
an oil component and a water component, the oil component comprising:
fish oil triglycerides present in an amount of about 31% to about 90%
based on the weight of the oil component of the emulsion;
wherein the fish oil triglycerides comprise omega-3 fatty acids,
expressed as triglycerides, in an amount of at least 60%, based on the
total weight of the fatty acids of the fish oil triglycerides;
wherein the fish oil triglycerides comprise a total amount of EPA
and DHA, expressed as triglycerides, of at least 45%, based on the
total weight of the fatty acids of the fish oil triglycerides;
a medium-chain triglyceride oil; and

a vegetable oil.
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According to another exemplary aspect, an emulsion is provided comprising:
an oil component and a water component, the oil component comprising:
fish oil triglycerides present in an amount of about 31% to about 90%
based on the weight of the oil component of the emulsion;
wherein the fish oil triglycerides comprise omega-3 fatty acids,
expressed as triglycerides, in an amount of at least 60%, based on the
total weight of the fatty acids of the fish oil triglycerides;
wherein the fish oil triglycerides comprise a total amount of EPA
and DHA, expressed as triglycerides, of at least 45%, based on the
total weight of the fatty acids of the fish oil triglycerides; and,
a medium-chain triglyceride;
wherein the emulsion is an oil-in-water emulsion, and wherein the
concentration of the oil component in the emulsion is 5 g/100 mL to 17.5 g/100 mL,
or the concentration of the oil component in the emulsion is 22.5 g/100 mL to 30

g/100 mL.

According to another exemplary aspect, an oil-in-water emulsion is provided
comprising:

a) fish oil triglycerides consisting of glycerol which is esterified with fatty acids
wherein said fatty acids comprise EPA and DHA in an amount of at least 45% by
weight of said fatty acids and the total amount of omega-3 fatty acids is at least 60%
by weight of said fatty acids, and

b) at least one medium chain triglyceride oil, and

wherein the fish oil triglycerides are present in an amount of at least 51% by

weight based on the total weight of the oil component, and the medium chain
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triglycerides are present in an amount of 10 to 49% by weight based on the total

weight of the oil component.

According to another exemplary aspect, the fish oil triglycerides are present in
an amount ranging from 51 to 90% by weight based on the total weight of the oil
component.

According to another exemplary aspect, the oil component additionally
comprises a vegetable oil.

According to another exemplary aspect, the vegetable oil is present in an
amount of up to 10 percent by weight, preferably from 2 to 8% by weight based on
the total weight of the oil component of the oil-in-water emulsion.

According to another exemplary aspect, the vegetable oil is selected from the
group consisting of soybean oil and safflower oil and mixtures thereof.

According to another exemplary aspect, the oil-in-water emulsion comprises
the oil component in an amount ranging from 5 to 30 g/100mL, preferably 15 to 25
g/100mL, for example, 20 g/100mL of the emulsion.

According to another exemplary aspect, the oil-in-water emulsion additionally
comprises at least one phospholipid emulsifier component which is preferably
selected from the group of phospholipids derived from egg or soya.

According to another exemplary aspect, the phospholipid emulsifier
component.is a phosphatidyl choline.

According to another exemplary aspect, the phospholipid emulsifier
component is present in a weight ratio of phospholipid to triglycerides ranging from

0.05 to 0.07, preferably 0.06.
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According to another exemplary aspect, the oil-in-water emulsion additionally
comprises an isotonic agent, preferably in a concentration ranging from 20 to 25 g/L.

According to another exemplary aspect, the oil-in-water emulsion comprises
glycerol as isotonic agent.

According to another exemplary aspect, the oil-in-water emulsion comprises a
pH-adjusting agent.

According to another exemplary aspect, the oil-in-water emulsion comprises
sodium oleate as the pH adjusting agent.

According to another exemplary aspect, the pH adjusting agent is present in a
concentration of up to 3 g/L.

According to another exemplary aspect, the pH value of the emulsion ranges
from 6 to 9, preferably from 6 to 8.5, more preferably from 7.5 to 8.5.

According to another exemplary aspect, the oil-in-water emuision additionally

comprises an antioxidant which is preferably present in a concentration of up to 1

g/L.
According to another exemplary aspect, the antioxidant is a-tocopherol.
According to another exemplary aspect, the emulsion is parenterally
applicable.

According to another exemplary aspect, the mean droplet diameter of the oil
droplets is below 250 nm, preferably below 240 nm at 20°C.

According to another exemplary aspect, a pharmaceutical composition is
provided comprising or consisting of an oil-in-water emulsion.

According to another exemplary aspect, a pharmaceutical composition is
provided for use in the prophylaxis or treatment of the group of diseases consisting

of systemic inflammatory response syndrome (SIRS), respiratory distress syndrome
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(RDS), nutritional and/or dietary cause of liver disease, an iatrogenic cause of liver
disease, a pathological cause of liver disease, an immune modulation, head trauma,
post operative surgical stress, a myocardial infarction and cystic fibrosis.

According to another exemplary aspect, a composition is provided that
includes an enriched fish oil according to Pharm}Eur 1352 specifications which is a
“‘processed oil” that is fortified to contain a higher proportion of the bioactive omega-3
fatty acids compared to natural sources.

According to another exemplary aspect, a composition is provided that
includes an omega-3 essential fatty acid (EFA), and an omega-6 EFA of a fish oil,
wherein the omega-6 EFA is present in an amount that minimizes a negative clinical
impact from excessive intakes of the pro-inflammatory fatty acid mediators.

According to another exemplary aspect, an emulsion is provided in which a
final o/w emulsion concentration is from about 5 g/100 mL to about 30 g/100 mL, for
example, a concentration of about 20 g/100 mL.

According to another exemplary aspect, a composition is provided that
includes medium-chain fatty acids (FAs) of a medium-chain triglyceride (MCT) oil,
wherein the medium-chain FAs are present in amounts effective to facilitate the
metabolic clearance of fish oil. For example, the MCTs can be present in an amount
that is effective to facilitate the metabolic clearance of long-chain triglycerides.

According to another exemplary aspect, the MCTs can function as a suitable
energy source that is at least equal or comparable in its nitrogen-sparing properties
to long chain triglycerides, but without metabolic consequence to inflammatory
processes in patients.

According to another exemplary aspect, a composition is provided that

includes MCTs in amounts effective to maintain the stability of the emulsion.
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According to another exemplary aspect, there is a reduction of the
concentration of saturated long-chain fatty acids (LCFAs) in the oil source of the
emulsion which can result in a reduction of adverse clinical effects such as
inflammation, glucose intolerance and/or insulin resistance.

According to another exemplary aspect, the composition of the oil phase of
the emulsion can be adjusted to optimize the response to intravenous nutritional
support.

According to another exemplary aspect, a composition of the oil phase of the
emulsion is provided that can include n3-FAs in an amount that is effective to exert a
desirable pharmacological effect, for example, to combat deleterious inflammatory
responses or preserve vital organ functions.

According to another exemplary aspect, a composition is provided that can
include an optimal balance of triglycerides in order to reduce or eliminate the toxicity

that can result from the parenteral administration of conventional o/w emulsions.

DETAILED DESCRIPTION

An exemplary embodiment is directed to a novel parenteral lipid emulsion
composition comprising: a relatively high concentration of an oil derived from fish oil
triglycerides, that is highly enriched in long-chain omega-3 (n-3) fatty acids (n3-FAs);
a relatively low concentration of medium-chain fatty acids from medium chain
triglycerides (MCTs); and optionally an amount of long-chain omega-6 (n-6) fatty
acids (n6-FAs).

As used herein, the terms "fish oil" and "fish oils" pertain to constituents such
as triglycerides which are present in a fish oil, and constituents such as triglycerides

which are derivatives or products obtained from a fish oil. In an exemplary
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embodiment, fish oil triglycerides described herein include triglycerides derived or
synthesized from a fish oil. For example, the fish oil triglycerides can include a
synthetically derived oil containing re-esterified omega-3 fatty acids, which have
been derived from a fish oil. For example, the synthetically derived oil can be
derived from a fish oil in accordance with an enrichment process that is effective to
separate desirable fatty acids (such as omega-3 fatty acids, for example, EPA and
DHA) from, for example, certain undesirable fatty acids (for example, saturated long-
chain FAs). An example of such enrichment process is separation by molecular
distillation and/or filtration. In an exemplary embodiment, the synthetically derived oil
can be derived in a manner that is consistent with EP 1352, discussed below.

The oil that is derived from fish oil can contain n3-FAs at a concentration
higher than that occurring in natural sources. The medium-chain fatty acids from
medium chain triglycerides (MCTs) can be saturated medium-chain fatty acids. The
n6-FAs can be provided from a vegetable oil, for example, in order to meet EFA
requirements. In one embodiment, the composition of such as an emulsion can be
stable, has normal metabolic clearance, and/or is well-tolerated by patients. For
example, the emulsion can be an oil-in-water (o/w) emulsion.

An exemplary oil is derived from fish, and can be rich in the polyunsaturated
and bioactive omega-3 fatty acids. The oil component of the emulsion can contain
fish oil triglycerides, for example, rich in omega-3 acid triglycerides. The fish oil
triglycerides, can be present from about 31% to about 90%, or from about 41% to
about 90%, or from about 45% to about 90%, or from greater than 50% to about
90%, or from about 51% to about 90%, or from about 55% to about 90%, or from
about 60% to about 90%, or from about 61% to about 90%, or from about 70% to

about 90%, or from about 71% to about 90%, or from about 80% to about 90%, or

10
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from about 40% to about 80%, or from about 50% to about 70%, or from about 60%
to about 65%, based on the total weight of the oil component of the emulsion. For
example, by employing exemplary ranges of fish oil triglycerides, the amount of
esterified omega-3 fatty acids delivered to a human body can be increased. For
example, Applicant has recognized the clinical significance of the absolute intake of
omega-3 fatty acids, and that such absolute intake of omega-3 fatty acids can be
increased by employing, for example, the exemplary ranges of fish oil triglycerides.
For example, Applicants have recognized that in at least some applications, for
example cardiovascular health indications, the absolute intake of omega-3 fatty acids
can be a more accurate indicator of overall efficacy than the ratio of omega-3 fatty
acids to omega-6 fatty acids. See, for example, Stanley et al, 2007.

The fish oil triglycerides can be 20- to 22-carbon compounds and can contain
3 or more double bonds located at the 3™ position from the methyl end of the long-
chain fatty acid (LCFA) molecule. Standard notation for the various fatty acids (FAs)
includes: 1) carbon number, followed by, 2) the number of double bonds, and ending
with 3) the position of the double bond relative to the methyl position (or “n3” in the
case of the LCFA from fish oil). In particular, the marine oil can be highly enriched
with two major n3-FAs, i.e., eicosapentaenoic acid, or EPA (20:5n3), and
docosahexaenoic acid, or DHA (22:5n3). The marine oil can contain lesser amounts
of other n3-FAs, such as docosapentaenoic acid, or DPA (22:6n3). The fish oil
component of the o/w parenteral lipid emulsion can represent oils from a mixture of
fatty fish families, such as from the following species: Engraulidae (e.g., anchovies),
Carangidae (e.g., mackerel), Clupeidae (e.g., herring), Osmeridae (e.g., smelt),

Salmonidae (e.g., salmon) and Scombridge (tuna).

11
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In the European Pharmacopeia (EP), there are two monographs (i.e., EP
1352 entitled “Omega-3 Acid Triglycerides”, and, EP 1912 entitled “Fish Oil, Rich in
Omega-3 Acids”) that pertain to fish oil (EP 1352, EP 1912, 2008). The monograph
EP 1352 substantially differs from EP 1912 in that the composition and requirements
for the bioactive n3-FAs in EP 1352 are much higher than in EP 1912 (EP 1352:
EPA + DHA > 45%; total n3-FAs > 60% vs. EP 1912: EPA: > 13%; DHA > 9%; total
n3-FAs > 28%). The levels of n3-FAs in EP 1912 are consistent with those found in
nature. By comparison, in EP 1352, the n3-FA concentrations are substantially
higher and can be obtained by an enrichment process such as molecular distillation,
whereby certain undesirable LCFAs that are present, for example, myristic acid,
palmitic acid and stearic acid, are removed. In so doing, the concentrations of all
FAs present, and particularly the n3-FAs, are proportionately elevated (Driscoll,
2008a).

In an exemplary embodiment, the fish oil triglycerides can include omega-3
fatty acids, expressed as triglycerides, in an amount of at least 60%, based on the
total weight of the fatty acids of the fish oil triglycerides. In an exemplary
embodiment, the fish oil triglycerides can include a total amount of EPA and DHA,
expressed as triglycerides, of at least 45%, based on the total weight of the fatty
acids of the fish oil triglycerides. For example, a fatty acid that is expressed as a
triglyceride can be referred to as an esterified fatty acid. For example, the fatty acids
and omega-3 fatty acids (such as, for example, EPA and DHA) discussed herein
refer to the constituent parts of such acids in a fish oil triglyceride, in accordance with
EP 1352. For example, the fatty acids and omega-3 fatty acids (such as, for
example, EPA and DHA) discussed above can be in their esterified form when

present in the fish oil triglycerides.

12
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The fish oil triglycerides can contain at least one n6-FA, for example, a
plurality of n6-FAs. The at least one n6-FA can include, for example, arachidonic
acid or AA, (20:4n6) and linoleic acid or LA, (18:2n6). Additionally or alternatively,
the n3-FA, alpha linolenic acid or ALA, (18:3n3) can be present. For example, the
total content of the at least one n6-FA can be from about 0.1% to about 1.0%, or
from about 0.2% to about 0.9%, or from about 0.3% to about 0.8%, or from about
0.4% to about 0.7%, or from about 0.5% to about 0.6%, based on the weight of the
oil component of the emulsion.

An exemplary second component of the oil component of the emulsion can
include at least one medium chain triglyceride (MCT) oil, for example, at a plurality of
exemplary MCT concentrations. For example, the at least one MCT oil can be
present from about 10% to about 69%, or from about 10% to about 40%, or from
about 10% to about 30%, or from about 10% to about 20%, or from about 10% to
about 15%, or from about 20% to about 60%, or from about 30% to about 50%, or
from about 40% to about 45%, based on the total weight of the oil component of the
emulsion. For example, by employing exemplary ranges of MCT concentrations, the
amount of esterified omega-3 fatty acids delivered to a human body can be
increased. For example, by employing exemplary MCT concentrations, the amount
of esterified omega-3 fatty acids delivered to a human body can be increased with
usage of a relatively smaller amount of MCTs, while still achieving beneficial
metabolic clearance and physicochemical stability characteristics of the emulsion.

For example, the at least one MCT oil can include saturated medium chain
fatty acids, for example, a plurality of saturated medium chain fatty acids. In an
exemplary embodiment, the MCTs include a mixture of fatty acids having from 6 to

12 carbon atoms. The MCT oil can be derived from a plant such as a fruit or

13
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vegetable, for example, a plurality of plants. The MCT oil can contain caprylic acid
(for example, in an amount of about 50% to about 80% by weight of the MCT oil), an
8-carbon saturated FA (8:0). The MCT oil can contain capric acid (for example, in an
amount of about 20% to about 50% by weight of the MCT oil), a 10-carbon saturated
FA (10:0). For example, the medium-chain triglycerides can contain caprylic acid
and capric acid, in an amount of at least 90% by weight of the MCT oil. The
description of the MCT oil for use in this disclosure can, for example, meet the
requirements of EP monograph 0868, entitled “Triglycerides, Medium Chain”
(Triglycerida saturate media) (EP 0868, 2008).

The oil component can optionally include a vegetable oil. The vegetable oil
can include, for example, soybean oil, safflower oil or a combination thereof. The
vegetable oil can, for example, be rich in the n6-FA, LA, and/or can contain lesser
amounts of the n3-FA, ALA.

The emulsion can optionally include at least one additional ingredient, a
pharmaceutical adjuvant. The at least one additional ingredient can include, for
example, egg phospholipid, sodium oleate, glycerol, alpha-tocopherol and sodium
hydroxide and/or sterile water. Such ingredients can be used, for example, to
stabilize the emulsion and make suitable its use for intravenous administration in
accordance with pharmacopeial specifications.

Oil-in-water parenteral emulsions can be used clinically for nutritional and
medical purposes. Of the various types of oils used, historically soybean oil was first
successfully introduced in the clinical setting almost 50 years ago and thus has
generated the greatest clinical experience, but more recent formulations have
included other oils, such as MCT, fish and olive oils. As a nutritional supplement,

o/w parenteral emulsions are intended for use in patients having a dysfunctional

14
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gastrointestinal tract, originating from, for example, mesentery artery thrombosis,
requiring a massive small bowel resection that produces a condition known as “short
bowel syndrome”. Consequently, such patients have insufficient intestine and
therefore are incapable of absorbing sufficient macronutrients (protein, carbohydrate
and fat) and micronutrients (electrolytes, vitamins and minerals). There are other
clinical indications for intravenous nutrition (e.g., radiation enteritis, bowel
obstruction, high output ileostomies, etc.) that may also require life-long intravenous
nutrition. In other clinical cases, intravenous nutrition is used as a temporary
therapeutic maneuver, for example, in critically ill patients to support the body’s
metabolic response to injury and infection. In the absence of oral intake, these
catabolic conditions can produce large daily losses of vital body protein and profound
energy deficits. If prolonged or accompanied by pre-existing malnutrition, the
absence of nutritional intervention may increase the risk of significant clinical
morbidity or mortality (Driscoll, 2008b).

In the case of o/w parenteral emulsions containing fish oil, these emulsions
can provide the essential fatty acids (EFAs) from both the n-3 FA, EPA, DHA and the
n-6 FA, AA, which cannot be synthesized by the body. In the case of parenteral o/w
emulsions containing soybean oil, these emulsions can provide the precursors to
these EFAs in the form of ALA for n3-FAs and LA for n6-FAs. Again, historically, the
introduction of soybean oil was based on providing sufficient concentrations of ALA
(7 to 11%) and very high amounts of LA (50 to 55%) to prevent EFA deficiency. To
meet the EFA requirements with soybean oil-based parenteral emulsions, between 1
and 4% of daily minimum calories are required (Bistrian, 2003). Thus, for example,
in a 2000 kcal adult diet, 1% of caloric intake (as LA or ~50% of soybean oil) would

translate to approximately 40 kcals, or a minimum of about 3.5 g of soybean oil per

15
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day (equal to 17.5 mLs of a 20% lipid emulsion); for a 100 kcal neonate diet, 1% of
caloric intake would translate to 2 kcal (about 0.2 g per day, or 1 mL of the soybean
oil emulsion) in order to meet EFA requirements.

In addition to being a source of EFAs, parenteral lipid emulsions can also be
prescribed as a daily source of energy or calories, often in substitution of a portion of
the calories that would be provided as carbohydrate (hydrated dextrose or glucose),
administered intravenously. The practice of prescribing both glucose and lipids as
energy sources (or a “mixed-fuel system”) can be done to avoid significant metabolic
complications associated with high doses of intravenous glucose. These include
hyperglycemia and increased infectious risks, hepatic damage from the metabolic
conversion of glucose to fat in the liver, increased respiratory dysfunction from
excessive carbon dioxide production associated with hepatic lipogenesis in patients
with impaired lung function, and other adverse effects. As a daily source of calories,
fat intake from parenteral lipid emulsions is commonly prescribed in amounts ranging
between 20 and 40% of total caloric intake. Thus, for example, in a 2000 kcal adult
diet, this represents 400 to 800 kcals, or approximately 44 to 88 g per day, which is
equal to about 220 to 440 mLs per day of a 20% oil-in-water emulsion. For a
neonatal diet of 100 kcals per day, this would equate to 20 to 40 kcals, or
approximately 2.2 to 4.4 g per day, equal to about 10 to 20 mLs per day of the same
20% lipid emulsion.

Although a soybean oil-based parenteral emulsion was the first safe
intravenous o/w dispersion introduced in 1961, and therefore the formulation most
widely used worldwide, soybean oil is not the optimal lipid to use in the clinical
setting. As a long-chain triglyceride (LCT) of plant origin, the most abundant

‘omega” fatty acid found in this oil is the polyunsaturated, essential (precursor) n6-
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FA, LA (50-55%), followed by the monounsaturated, non-essential n9-FA, oleic acid
(18:1n9) (24-26%), followed by the polyunsaturated essential (precursor) n3-FA, ALA
(7 to 11%_). Due to the dominant presence of the n6-FA, LA, and considering both its
pro-inflammatory role and the fact that it is a precursor to the highly vasoactive “2-
series” eicosanoids involving prostagladins and thromboxanes, as well as the potent
immunomodulatory “4-series” leukotrienes, soybean oil may adversely accentuate
the systemic inflammatory response and/or exacerbate the deterioration of certain
functions of vital organs. During critical illness accompanied by systemic
inflammatory response syndrome (SIRS), for example, the “2-series” eicosanoids
produced from the infusion of soybean oil-based parenteral emulsions may worsen
lung function in patients with respiratory distress syndrome. In adults, for example,
infusions of soybean oil-based lipid emulsions have produced two different adverse
effects on the lungs, which have been shown to be infusion rate-dependent (Mathru
et al, 1991). In one case, infusions of 100 g of a 20% soybean oil-based parenteral
emulsion (i.e., 500 mL) over 10 hours was associated with significantly increased
shunt fraction from pre-infusion levels presumably via prostaglandin-mediated
pulmonary vasodilatation. This action is counter to the normal physiologic response
when blood flow proportionately decreases to poorly ventilated segments of the lung
during respiratory distress, known as hypoxic pulmonary vasoconstriction. This
results in an unphysiologic mismatch between the normally balanced ventilation and
perfusion in the lungs, where the body now makes futile attempts to perfuse poorly
ventilated areas of the lung. In contrast, the same infusion, but now infused over o‘nly
5 hours, has been shown to produce the opposite effect, i.e., vasoconstriction,
evidenced by significant increases in mean pulmonary artery pressure, which can

also aggravate respiratory function by augmenting the hypoxic pulmonary

17



WO 2010/104575 PCT/US2010/000723

vasoconstrictive response to potentially pathological proportions (e.g., pulmonary
hypertension). Similar adverse pulmonary responses have been associated with the
infusion of parenteral lipid emulsions rich in n6-FAs in infants (Prasertsom et al,
1996).

Another clinical example demonstrating the potential deleterious effects
associated with the administration of conventional soybean oil-based parenteral
emulisions, rich in the pro-inflammatory n6-FAs, involves hepatotoxicity. For
example, in acutely ill infants with SIRS, prolonged infusion of soybean oil-based
parenteral emulsions may induce a pathological condition known as parenteral
nutrition-associated liver disease or PNALD. The PNALD condition often occurs with
long-term use of parenteral nutrition in infants and may lead to liver failure and the
need for liver transplantation. Clinical findings associated with PNALD include
abnormal elevations of blood components observed in liver function tests, such as
serum transaminases, bilirubin and alkaline phosphatase, due to hepatic fat
accumulation, leading ultimately to organ failure (Gura et al, 2006). The mechanism
of liver injury is not completely understood but has been suggested to occur by a
“two-hit” theory. The first “hit” occurs during the accumulation of fat in the liver, or
hepatic steatosis. The second “hit” that follows occurs in a series of subsequent
steps beginning with inflammation and cellular degeneration, followed by production
of reactive oxygen species or peroxidation products causing oxidative stress, that
ultimately causes damage of liver tissue (Paquot et al, 2005). In infants developing
PNALD, mortality approaches 100% within one year of the diagnosis (Wales et al.,
2005). Adverse effects to the liver from chronic exposure to soybean oil parenteral
emuisions have been linked to adults requiring long-term parenteral nutrition (Ling et

al, 2001).
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Clearly, therefore, in an exemplary embodiment, parenteral lipid emulsions
containing high amounts of triglycerides rich in n6-FAs are not optimal, and are
associated with significant adverse events in patients requiring intravenous nutrition.
Therefore, development of alternative lipid sources that decrease the concentration
of n-6 FAs and their accompanying pro-inflammatory effects may be of great clinical
benefit. The use of n9-FAs found in olive oil, such as the monounsaturated fatty
acids that are less pro-inflammatory, may be of significant benefit. The use of n3-
FAs, however, such as the polyunsaturated fatty acids producing the “3-series”
eicosanoids, may be of the greatest clinical benefit. In fact, the latter n3-FAs from
the important omega families of fatty acids that have shown great promise and are
the least pro-inflammatory, have also been shown to possess favorable effects on
vital organs, and produce important immunomodulatory effects (Wanten, 2007).
Thus, the ideal parenteral lipid emulsion would be one that is stable, provides a
sufficient supply of the EFAs, provides a dense source of energy or calories,
minimizes the adverse effects from pro-inflammatory FAs, improves functions of vital
organs, and possesses therapeutically beneficial immunomodulatory effects,
particularly during acute iliness.

Exemplary embodiments disclosed herein employ a new composition of
matter containing oils, for example, from MCTs and LCTs, with novel doses of the
various saturated medium-chain fatty acids (for example, 8- to 10-carbon MCFAs)
and, mainly unsaturated long-chain fatty acids (for example, 18- to 22-carbon
LCFAs) from the biologically important, essential FAs from n3 and n6 families. In the
final oil composition of the parenteral o/w lipid emulsion, the resulting oil phase can
be made as a simple “physical” mixture or blend of the desired oils. Alternatively,

specifically customized mixtures of “structured” triglycerides can be made via
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hydrolysis of FAs from the glycerol backbones of different oils, followed by random
transesterification producing both preferred as well as analog triglyceride
combinations. Or, the “structured” triglycerides can be made via enzymatic
synthesis by selected lipases that are region-specific, e.g., sn-1 and sn-3 positions,
and FA-specific, producing a purer form of chemically defined structured
triglycerides. No matter how they are prepared, the resulting emulsions are
composed of mixtures of various triglycerides and fatty acids, primarily from fish oil
and MCT oil, and are mixed in specific proportions. In either case, when provided
within the ranges and specifications of Table 1, the formulations can yield novel final
lipid mixtures that serve as: 1) a dense source of calories, containing: 2) a highly
enriched fish oil as the major lipid source; 3) minimum, but sufficient, amounts of the
omega-6 fatty acids; 4) sufficient amounts of MCT oil to facilitate its metabolic
clearance upon intravenous infusion; 5) sufficient amounts of MCT oil to facilitate the
stability of the emulsion; and/or 6) optionally, a small fraction of soybean oil as an
additional source of essential fatty acids for omega-6 requirements.

In an exemplary embodiment, the concentration of oil in the emulsion can be
any suitable concentration. For example, the final concentration of oil in the
formulation can be 20% oil-in-water or 20 g per 100 mL of emulsion. More generally,
for example, the amount of the oil component in the oil-in-water emulsion can be
from 5 g/100 mL to 30 g/100 mL. In an exemplary embodiment, the amount of the oil
component in the oil-in-water emulsion can be 5 g/100 mL to 17.5 g/100 mL, or the
amount of the oil component in the emulsion can be 22.5 g/100 mL to 30 g/100 mL.

The composition of the final formulation can be customized to optimize the
ratios of all ingredients to address a wide array of clinical and pharmaceutical issues.

In addition, a given formulation may also desirably contain a specific ingredient, or
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set of specific ingredients, for the purpose of addressing one or more particular
medical conditions and/or pharmaceutical purposes, thus yielding several variations
in composition to produce several different formulations. For example, in the
treatment of critically ill patients with systemic inflammatory response syndrome,
providing relatively high amounts of omega-3 acid triglycerides can, for example,
counter the deleterious effects of excessive inflammation. As well, pharmaceutical
benefits can be derived from fish oil containing high concentrations of the bioactive
n3-FAs, for example, when used as a drug carrier vehicle to counter the effects of
drugs affecting vital end organs such as nephrotoxicities, so that renal blood flow can
be maintained by the countervailing effects of the prostaglandins derived from the “3-
series” versus deleterious ischemic effects from the “2-series”. Exemplary ranges of
fish oil and MCT oil concentrations are set forth in Table 1. The specific
concentrations of the emulsion constituents can depend on the desired treatment.

Table 2 provides a sample of various oil combinations, expressed as weight
percentages of each of the triglycerides. In an exemplary embodiment, only highly-
enriched fish oil, in compliance with EP monograph 1352 (EP 1352, 2008), can be
the fish oil source along with a certain amount of MCT oil, also in compliance with EP
monograph 0868 (EP 0868, 2008), to comprise the total lipid fraction (for example,
20 g of oil per 100 mL of emulsion) in the current application. In an exemplary
embodiment, a reduced concentration of saturated LCFAs can be employed to avoid
potential complications such as insulin resistance (Lee et al, 2006), which can be
one clinical issue of interest to the critically ill.

In an exemplary embodiment, the oil component of the emulsion can include a
vegetable oil. The vegetable oil can include, for example, soybean oil, safflower oil

and/or a combination thereof. The vegetable oil can be present in an amount of up
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to 10%, or from about 1% to about 10%, or from about 2% to about 9%, or from
about 3% to about 8%, or from about 4% to about 7%, or from about 5% to about
6%, based on the weight of the oil component of the emulsion. For example 2 g of
vegetable oil such as soybean oil can be present per 20 g of total oil per 100 mL of
emulsion.

The vegetable oil, such as soybean oil, can be employed in the event that use
thereof is deemed clinically advantageous or necessary to increase the dose of the
omega-6 FAs in a given formulation. For example, the use of a vegetable oil such as
soybean oil can be advantageous to provide additional nutritional support. For
example, the vegetable oil such as soybean oil can be used in the treatment of a
patient requiring lifelong intravenous nutrition support where, for example, meeting
the n6-FA requirements of these patients solely via fish oil in fish 0il-MCT mixtures
may not be sufficient to avoid a deficiency state especially when all nutritional
ingredients can only be provided via the intravenous route of administration.

In exemplary embodiments, the amount of vegetable oil (such as, for
example, soybean oil and/or safflower oil) can be restricted to comprise no more
than about 10% by weight of the total oil component, whereas in current
formulations, concentrations of vegetable oil vary typically from 20 to 100% by
weight of the oil component of the emulsion. For example, the vegetable oil can be
present from 0% to about 10%, or from about 1% to about 9%, or from about 2% to
about 8%, or from about 3% to about 7%, or from about 4% to about 6% based on
the total weight of the oil component of the emulsion. There are numerous
combinations and permutations that can be derived from the present compositions.
Therefore, it should be understood that those specific combinations represented in

Table 2 are merely intended to illustrate representative combinations and are not
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meant to be inclusive or restrictive in any way. Hence, the possibility of additional
variations would be clear to those skilled in the art.

For example, the fish oil emulsion intended in this application can be one that
contains a high concentration or the highest concentration possible of the bioactively
important n3-FAs, which are best able to deliver a wide range of potential clinical
benefits by altering lipids in the blood and the structure and function of cell
membranes. For example, Increasing the absolute intakes of n3-FAs in order to
improve cardiovascular health can be a clinical benefit, for example, rather than
basing treatment on the n6:n3 ratio as originally thought (Stanley JC et al., 2007),
and can be effective to achieve similar clinical benefits in other inflammatory
conditions. Providing higher amounts of n3-FAs in relation to n6-FA intakes can
result in displacement of AA in cell membranes by EPA, and a shift away from the
highly vasocactive and pro-inflammatory eicosanoids of the “2-series” in favor of the
less vasoactive “3-series”. These actions can lead to a favorable modulation of the
metabolic and immune response to injury and infection, particularly in various
scenarios in the acute care setting (e.g., multiple organ failure, head trauma, sepsis,
burns and inflammatory bowel disease). Thus, the source (and subsequent dose) of
fish oil intended in this application can have substantial and clinically beneficial
effects. The fish oil triglycerides can include omega-3 fatty acids, expressed as
triglycerides, in an amount of at least 60%, based on the total weight of the fatty
acids of the fish oil triglycerides. The fish oil triglycerides can include a total amount
of EPA and DHA, expressed as triglycerides, of at least 45%, based on the total
weight of the fatty acids of the fish oil triglycerides. In an exemplary embodiment,
the fish oil triglycerides can include a total amount of EPA and DHA, expressed as

triglycerides, of at least 45%, based on the total weight of the fatty acids of the fish
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oil triglycerides. For example, the minimum concentration specified can be equal to
the sum of EPA and DHA, expressed as triglycerides, > 45% of the n3-FA profile,
and the total n3-FA content (e.g., EPA + DHA + DPA) > 60% by weight from the
selected fish oil source. This specification is in conformance with the requirements
of EP monograph 1352 (EP 1352, 2008). Of the three current, commercially
available products containing fish oil, two comply with the lower limits (i.e., EPA >
13%; DHA > 9%; Total n3-FA > 28%) associated with EP monograph 1912 (EP
1912, 2008). The concentration of fish oil in the only currently available formulation
that meets EP 1352 is only 10% by weight of the oil component of the emulsion,
whereas in this application, for example, the minimum percentage by weight of the
oil component of the emulsion containing the specified highly enriched fish oil source
can be 31%. The amount of bioactive n3-FAs in fish oil described in this disclosure
can be more than double the amounts more commonly found for clinical use as
specified by weight of oil source in the two different EP monographs (e.g., EP 1352,
total n3-FA:260%; vs. EP 1912, total n3-FA:>28%).

One aspect of an exemplary formulation is to deliver a high concentration of
enriched fish oil triglycerides having, for example, the highest concentration available
that meets a high standard or the highest pharmacopeial standards, for example, in
order to maximize the clinical benefits of the n3-FAs in a variety of clinical conditions,
such as the systemic inflammatory response syndrome, or SIRS, characteristically
found in critically ill patients. In fact, the blood concentrations of C-reactive protein, a
biomarker of SIRS, was found to be significantly reduced in critically ill patients with
pancreatitis receiving n3-FAs, as compared to those patients receiving lipids as n6-
FAs (Wang, 2008). As inflammation accompanies all forms of acute metabolic

stress, the delivery of highly concentrated n3-FAs may reduce inflammation and
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improve outcome in the treatment of many medical conditions. Moreover, since fluid
overload is also a major problem in the intensive care unit, use of highly
concentrated n3-FAs would reduce the volume burden, an important clinical issue in
the care of critically ill patients (Lowell et al, 1990). In addition, the total dose of
lipids delivered would be only one-half the amount according to this disclosure for
current emulsions that conform to EP 1912, compared to using a fish oil source as
detailed in this application that meets the higher specifications of EP 1352, thus, for
example, reducing or avoiding excessive lipid intakes (both quantitiy and quality of
fatty acids delivered) that may affect its metabolic clearance.

Exemplary formulations described in this disclosure can be designed to
contain a sufficient amount of the essential FAs associated with (or obtained from):
1) the n3 family, i.e., EPA (20:5n3), DHA (22:6n3) and small amounts of its
precursor, linolenic acid (18:3n3); and, 2) the omega-6, or n6, family, arachidonic
acid (20:4n6), or AA, as well as small amounts of its precursor, linoleic acid (18:2n6).
With regard to meeting the essential n3-FA requirements, this goal can be easily met
by both the recommended concentrations of fish oil in the formula, as well as from a
highly enriched source of n3-FAs, as per the specifications of EP 1352. The amount
of the essential n6-FAs employed can be specifically designed to be minimized in
exemplary formulations, but in modest amounts that are still large enough to prevent
EFA deficiency. For example, meeting the n-6 FA requirements can be achieved
through the use of a fish oil-MCT mixture, owing to the fact that the average amount
of AA found in fish oil is approximately 0.5%. Therefore, because the amount of FA
needed as AA is approximately one-tenth the dose required if provided through its
precursor, LA, EFA requirements are thus met. For example, to prevent EFA

deficiency by providing LA by parenteral administration, at least 1% of the total daily
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caloric intake should be provided (Bistrian, 2003). As stated previously, in a 2000
kcal per day diet, the minimum intake of LA would be 2.2 g per day, or approximately
3.5 g of soybean oil (~55% LA); in terms of AA, the requirements for the same diet
would be approximately 0.2 g per day; in a 1500 kcal per day diet, 1.6 g of LA, or ~
0.16 g of AA, per day would be needed; in a 1000 kcal per day diet, 1.1 g of LA, or ~
0.11 g of AA, would be needed; in a 500 kcal per day diet, 0.55 g of LA, or~0.05g
of AA would be needed; and finally, in a 100 kcal per day diet, 0.11 g of LA would be
needed, or 0.01 g as AA per 100 calories. As can be seen in Table 3, which provides
sample compositions for Fish Oil-MCT mixtures only, the EFA requirements for n6-
FAs, coming from AA in the fish oil, would be met in the 80% fish 0il-20% MCT oil
mixture as presented. This does not include the additional source of n6-FAs that
comes from the LA normally present in fish oil. It should also be recognized that
certain compositions or formulations of products derived from this description, for
example, can be intended for short-term parenteral administration during critical
illness, for example, rather than for patients susceptible to EFA deficiency. In other
cases, where EFA supplementation is a clinical concern, alternative formulations can
be devised that contain very low amounts of soybean oil (for example, up to 10%) of
the total oil phase. Table 4 provides exemplary formulations using a fixed 60:40 ratio
(by weight) of fish oil to MCT oil, with increasing fractions of soybean oil, ranging
from 1 to 5%. The “fixed” fish oil-MCT ratio shown in Table 4 is merely illustrative
and not meant to be exclusive or restrictive in any way as to the various oil ratios that
are possible based on this disclosure.

An exemplary final concentration of oil in exemplary formulations is a 20% oil-
in-water emulsion (20 g oil mixture per 100 mL of emulsion). This overall oil

concentration can be consistent with the oil concentration in administered lipid
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emulsions used clinically, and it can be associated with better plasma clearance
compared to “10%” formulations, as the optimum phospholipid-triglyceride (PL:TG)
ratio for parenteral lipid emulsions appears to be about 0.06 (1.2 g PL: 20 g TG)
(Driscoll et al., 2001). Nonetheless, there are multiple variations in the final
concentration of oil in mixtures that can be devised in exemplary embodiments, as
long as the PL:TG ratio of 0.06 is maintained. A sample of the possible formulations
is shown in Table 5.

The concentrations of MCT oil in various possible formulations can be
sufficient to facilitate the clearance of the long-chain triglycerides in fish oil (20-
carbon EPA and 22-carbon DHA), which has been shown to occur in other mixtures
(Simoens et al., 2008). Exemplary ratios (by weight) of MCT to omega-3 LCT in this
application can be different from that found in other parenteral lipid emulsion
mixtures containing both of these oils. For this reason, exemplary amounts
described in this application are unique and the resulting formulations can benefit
from assessment to confirm the favorable effect on plasma clearance of LCTs in the
presence of MCTs. Additionally or alternatively, the clearance of these formulations
can be facilitated by optimizing the infusion rate, for example, in accordance with its
normal metabolic clearance.

The concentrations of MCT oil in the various possible formulations can be
sufficient to facilitate the physicochemical stability of the long-chain triglycerides in
fish oil (20-carbon EPA and 22-carbon DHA), which has been shown to occur in
other mixtures. (Driscoll et al., 2002). Exemplary ratios (by weight) of MCT to
omega-3 LCT described in this application can be different from other parenteral lipid
emuision mixtures containing both of these oils. For this reason, the relative and

absolute amounts of each type of oil that are used in this application can be unique
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and the resulting formulations can benefit from assessment to confirm the favorable
effect on emulsion stability of LCTs in the presence of MCTs.

In an exemplary embodiment, the amounts of saturated LCFAs in an emulsion
can be modified, for example, so as to lower the concentration thereof from what is
present in natural sources. For example, a specific reduction in the concentrations
of LCFAs, such as palmitic acid (16:0), can help to reduce the risk of insulin
resistance (Lee et al, 2006), which can be particularly relevant in acutely ill patients.
In addition, for example, by effectively increasing the proportion of highly enriched
polynsaturated n3-FAs, such as EPA (20:5n3) and DHA (22:6n3), in accordance with
EP 1352, and by increasing the proportion of the highly enriched fish oil triglycerides
in the oil component of the emulsion as described, this can reduce the
concentrations of the saturated LCFAs that can produce potentially deleterious
adverse effects.

Exemplary parenteral lipid emulsions can optionally contain vegetable oil as
an additional source of n6-FAs, in addition to the amounts already present in the fish
oil. For example, the soybean oil can be present as a very small fraction (by weight
of the oil component of the emulsion). The soybean oil can be employed, for
example, in a case where EFA deficiency is considered to pose a significant clinical
risk, such as in patients receiving life-long parenteral nutrition support. In this patient
population, nutrient deficiencies can develop, for example, if there is little to no
gastrointestinal absorption of nutrients via oral intake. In this circumstance, a higher
intake of n6-FAs via parenteral lipid emulsion may be desirable. Table 4 provides an
exemplary sample of possible formulations, where the soybean oil content is

increased progressively up to a level of 5% by weight of the oil component of the
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emulsion. In addition, the use of higher n3-FA proportions (up to 90%) in various
possible formulations can, for example, also increase n6-FA intake.

Exemplary formulations produced as described herein can be designed to
provide a unique, but dense, source of calories that are, for example, equally
nitrogen-sparing as in conventional or current parenteral lipid emulsions. The final
parenteral lipid formulation can ideally be an isotonic energy source that can be
provided in small volumes when possible. This can be particularly advantageous, for
example, in the case of acutely ill patients who may be volume-overloaded as a
result of receiving multiple intravenous fluids for medical purposes, such as for
resuscitation and maintenance of blood pressure, kidney function and intravenous
medications.

According to an exemplary aspect, a composition comprising an enriched fish
oil triglycerides as a lipid source is provided.

In another exemplary aspect, the composition comprises at least 45% by
weight of EPA and DHA, expressed as triglycerides, and at least 60% by weight of
n3-FA, expressed as triglycerides, based on the total weight of the composition.

In another exemplary aspect, the composition is an oil-in-water emulsion
having an oil derived from an enriched fish oil of from about 31% to about 90% by
weight of the oil component of the emuision.

In another exemplary aspect, a method of administering the composition
(such as, for example, an emulsion) is provided comprising administering the
composition to a human body, wherein the oil component of the emulsion contains a
sufficient concentration of n3-FAs to provide an effective dose.

In other exemplary aspects, the administered dose of n3-FAs is capable of the

safe treatment of systemic inflammatory response syndrome (SIRS); the dose is
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capable of the safe treatment of respiratory distress syndrome (RDS); the dose is
capable of the safe treatment of nutritional/dietary causes of liver disease; the dose
is capable of the safe treatment of iatrogenic causes of liver or kidney disease; the
dose is capable of the safe treatment of pathological causes of liver or kidney
disease; the dose is capable of the safe treatment of immune modulation; the dose is
capable of the safe treatment of head trauma; the dose is capable of the safe
treatment of postoperative surgical stress; the dose is capable of the safe treatment
of myocardial infarction; and/or the dose is capable of the safe treatment of cystic
fibrosis.

In another exemplary aspect, a composition is provided comprising omega-3
essential fatty acids and omega-6 essential fatty a-cids of a fish oil, wherein the
essential fatty acids are present in amounts effective to minimize an impact of
excessive amounts of pro-inflammatory fatty acids.

In another exemplary aspect, a method of administering the composition is
provided comprising administering the composition to a human body.

In another exemplary aspect, an amount of the omega-6 essential fatty acid is
capable of the safe treatment to mitigate or prevent EFA deficiency when the range
of fish oil is from 31% and 90%, by weight of the oil component of the emulsion, in
the absence of soybean oil.

In another exemplary aspect, an amount of the omega-6 essential fatty acid is
capable of the safe treatment for mitigation or prevention of EFA deficiency when the
range of concentration of fish oil triglycerides is from about 31% to about 90% by
weight of the oil phase of the emulsion in the absence of soybean oil. To further

mitigate or prevent EFA deficiency when the range of fish oil is between 31% and
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90%, the concentration of additional soybean oil can be between 1 and 10%, by
weight of the oil component of the emulsion.

In another exemplary aspect, an amount of the omega-6 essential fatty acid is
capable of the safe treatment of medical conditions without exerting clinically
significant adverse effects related to eicosanoid metabolism.

In another exemplary aspect, an amount of the omega-6 essential fatty acid
does not interfere with or counteract the dose of n3-FAs present.

In another exemplary aspect, a composition is provided comprising medium-
chain fatty acids of an MCT oil, wherein the medium-chain fatty acids are present in
an amount effective to facilitate a metabolic clearance of fish oil.

In another exemplary aspect, the MCT oil is present in an amount of from
about 10% to about 69%, by weight of the oil component of the emulsion, and the
amount of the MCT oil allows for the safe plasma clearance of the fish oil.

In other exemplary aspects, the dose of lipids infused is incorporated into cell
membranes; the dose of lipids infused generates eicosanoids of the 3-series; and/or
the dose of lipids infused does not produce clinically significant hypertriglyceridemia.

In another exemplary aspect, a composition is provided comprising medium-
chain triglycerides of an oil, wherein the medium-chain triglycerides are present in an
amount effective to facilitate stability.

In another exemplary aspect, a composition is provided wherein the MCT oil
concentration is from about 10% to about 69%, by weight of the oil component of the
emulsion, and the fish oil concentration is from about 31% to about 90%, by weight
of the oil component of the emulsion, and wherein the concentrations allow for

physicochemical stability of the composition for from about 18 to about 24 months.
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In another exemplary aspect, the MCT oil concentration is from about 10% to
about 69%, the fish oil concentration is from about 31% to about 90%, by weight of
the oil component of the emulsion, and a soybean oil concentration is up to about
10%, by weight of the oil component of the emulsion, and wherein the concentrations
allow for physicochemical stability of the composition in its original container for from
about 18 to about 24 months.

In another exemplary aspect, the MCT oil concentration is from about 10% to
about 69%, by weight of the oil component of the emulsion, and the fish oil
concentration is from about 31% to about 90%, by weight of the oil component of the
emulsion, and wherein the concentrations allow for physicochemical stability of the
composition as used in an extemporaneously prepared syringe for up to 12 hours at
temperatures up to 40°C.

In another exemplary aspect, the MCT oil concentration is from about 10% to
about 69%, by weight of the oil component of the emulsion, and the fish oil
concentration is from about 31 to about 90%, by weight of the oil component of the
emulsion, and a soybean oil concentration is up to about 10%, for example up to
about 5%, by weight of the oil component of the emulsion, wherein the
concentrations allow for the physicochemical stability of the composition as used in
an extemporaneously prepared syringe for up to 12 hours at temperatures up to
40°C.

In another exemplary aspect, the MCT oil concentration is from about 10% to
about 69%, by weight of the oil component of the emulsion, and the fish oil
concentration is from about 31% to about 90%, by weight of the oil component of the

emulsion, and the concentrations allow for the physicochemical stability of the

32



WO 2010/104575 PCT/US2010/000723

composition as an extemporaneously TPN admixture for up to 24 hours at
temperatures up to 40°C.

In another exemplary aspect, the MCT oil concentration is from about 10% to
about 69%, by weight of the oil component of the emulsion, the fish oil concentration
is from about 31% to about 90%, by weight of the oil component of the emulsion, and
a soybean oil concentration is up to 10%, by weight of the oil component of the
emulsion, and the concentrations allow for the physicochemical stability of the
composition as used in an extemporaneously prepared TPN admixture for up to 24
hours at temperatures up to 40°C.

In another exemplary aspect, the composition provides a source of calories
that is equally nitrogen-sparing as a soybean parenteral oil-in-water emulsion.

In another exemplary aspect, the composition provides a sufficient amount of
egg phospholipids in proportion to the triglyceride oil phase, in order to stabilize the
emuision.

In another exemplary aspect, the composition provides a sufficient amount of
egg phospholipids in proportion to the triglyceride oil phase, in order to not interfere
with the clearance or breakdown of the infused lipid droplets.

In another exemplary aspect, the composition provides a sufficient amount of
o-tocopherol as an anti-oxidant to protect the highly polyunsaturated n-3 fatty acids
present.

In another exemplary aspect, a composition is provided comprising fatty acids
of a fish oil and medium-chain triglycerides, wherein the composition is an oil-in-
water emulsion comprising an oil phase and an aqueous phase.

In another exemplary aspect, the enriched fish oil is present in an amount

from about 31% to about 90%, by weight of the oil component of the emulsion.
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In another exemplary aspect, the medium-chain triglycerides are is present in
an amount from about 10% to about 69%, by weight of the oil component of the
emulsion.

In another exemplary aspect, a method of parenteral administration of the
composition is provided comprising parenterally administering the composition to a
human body.

The examples described herein are not meant to be inclusive, but instead
have been utilized in order to form exemplary embodiments of the disclosure. It
should be understood that manipulation of specific concentrations of total
ingredients, including, for example, specific compositions and proportions of each
ingredient within the specified concentration ranges, may be advantageous in order
to achieve a specific optimal outcome. In the present disclosure, exemplary aspects
can yield unique parenteral lipid emulsions appropriate for special medical purposes.

As already described herein, exemplary emulsions can have various final
compositions and characteristics depending on the specific application of the
emulsion. In an exemplary embodiment, the emulsion can be in compliance with the
specifications set forth in United States Pharmacopoeia (USP) Chapter <729>
entitled "Globule Size Distribution in Lipid Injectable Emulsions" (United States
Pharmacopoeia, 2009), the contents of which are incorporated herein by reference.
The two exemplary globule size limits include: 1) the intensity-weighted mean droplet
size that is less 500 nanometers obtained by dynamic or static light scattering
methods; and, 2) the volume-weighted percent of fat greater than five micrometers or
PFATS that is less than 0.05% obtained by light extinction employing single-particle

optical sensing methods.
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The emulsion can have any suitable physical and chemical characteristics
such as droplet size, and pH, free fatty acids, etc. For example, the emulsion can
possess physical characteristics which facilitate its use in parenteral administration
applications. In an exemplary embodiment, an emulsion can have a mean droplet
size of, for example, less than 500 nm, or less than 250 nm, or less than 240 nm, or
from 230 to 240 nm. In an exemplary embodiment, an emulsion can have a PFATs
value of less than 0.05%.

Exemplary physical and chemical embodiments were prepared and tested to
confirm that such embodiments comply with specifications, for example, specification
set forth in USP <729> and exemplary manufacturing specifications. To exemplify
the pharmaceutical feasibility of the exemplary emulsions containing relatively high
amounts of omega-3 acid triglycerides, for example, about 60% to about 90% by
weight of the oil component, along with relatively low amounts of MCT, for example,
about 10% to about 40% by weight of the oil phase, exemplary lipid emulsions 1 and
2 were manufactured and tested having omega-3 fatty acid triglycerides-to-MCTs
ratios of 90:10, and 70:30, respectively, were compared to currently available
emulsions 3, 4 and 5. Various physical and chemical characteristics were measured
and compared, and the results are set forth in Table 6.

As can be seen from the results, like currently available emulsions, the
exemplary emulsions were in compliance with the mean size and PFAT;s
specifications of the United States Pharmacopoeia (USP) Chapter <729> entitled
"Globule Size Distribution in Lipid Injectable Emulsions" (United States
Pharmacopoeia, 2009). In addition, exemplary emulsions were in compliance with
exemplary manufacturing specifications (for example pH, peroxide value, acid value,

free fatty acids, phosphatidyl choline and glycerol). Such data confirms Applicant's
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prior understanding that exemplary emulsions are capable of compliance with
various specifications.

Tables mentioned herein are set forth below:
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Table 1. Compositions of LipOmega-3 MCT 20%
*PHARMACEUTICAL | CONCENTRATION (g/L) **RANGE OF
INGREDIENT **(80% F.O.:20% MCT) | CONCENTRATIONS (g/L)
Fish Qil Major FAs 160 62 to 180
(36.5%) EPA (20:5n3) 58.4 22.6t065.7
(25.3%) DHA (22:6n3) 40.5 15.7t0 45.5
(7.0%) DPA (20:6n3) 1.1 40t012.6
(0.50%) AA (20:4n6) 0.8 0.31t0 0.9
MCT Oil 40 20 to 138
Soybean Oil Major FAs 0 Oto 10
(55%) (18:2n6) 0 0.0to 5.5
(10%) (18:3n3) 0 0.0t0 1.0
Glycerol 225 20 to 25
Egg Phospholipids 12 PL:TG Ratio, 0.06
Sodium Oleate 25 Oto3
a-tocopherol 0.2 Oto1
Sterile Water for Inj. q.s. ad 1000.0 Fixed

*INGREDIENT Ranges:

Fish Qil: 31 to 90%; MCT Oil: 10 to 69%; Soybean Oil: 0 to 5%; Glycerol: 2.0 to

2.5%:;

**Sample Formulation and g per L

***GENERAL CALCULATED RANGE:

RANGES of Ingredients; not accounting for experimental errors in

measurement.
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Table 2. Sample Compositions of Possible Oil Combinations of
LipOmega-3 MCT 20%
Sample Fish Oil (%) MCT 0Oil(%) Soybean Oil (%)
1 90 10 0
2 80 20 0
3 70 30 0
4 60 40 0
5 50 50 0
6 40 60 0
7 31 69 0
8 90 9 1
9 80 18 2
10 70 27.5 2.5
11 60 37 3
12 50 46.5 3.5
13 40 56 4
14 31 64 5
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Table 3. EFA Intakes from Sample LipOmega-3 MCT Formulations
Fish Oil—MCT Oil Mixtures

Kcals/day 20 g (100 mL) of a Fish Oil 80% - MCT Oil 20% Mixture
(20% Fat) *Linoleic 2.2% | *Linolenic 1.5% AA EPA DHA
100 (2.29) 0.038¢g 0.026 g 0.009 ¢ 0.64g 045¢g
500 (11.19) 0.195¢ 0.133 g 0.044 g 3249 225¢g
1000 (22.2 g) 0.391g¢g 0.266 g 0.089¢g 6.48¢g 562g¢g
1500 (33.39) 0.586 g 0.399¢g 0.133 ¢ 9.72g 842¢
2000 (44.4 g) 0.781g 0.533 g 0.178 ¢ 12.96 g 11.23 g

20 g (100 mL) of a Fish Oil 70% - MCT Oil 30% Mixture

100 (2.29) 0.033 g 0.023 g 0008g | 056g | 0.39g
500 (11.19) 01719 0117 g 0039g | 284g | 197g
1000 (22.2 g) 0342 ¢ 0233 ¢ 0078g | 567g | 393g
1500 (33.3 g) 0513 g 0.350 g 0117g | 851g | 590g
2000 (44.4 g) 0.684 g 0.466 g 0155g | 11.34g | 7.86g

20 g (100 mL) of a Fish Oil 60% - MCT Oil 40% Mixture

100 (2.29) 0.029 g 0.020 g 0007g | 048g | 033g
500 (11.19) 0147 g 0.100 g 0.033g | 243g | 168g
1000 (22.2 g) 0293 g 0.200 g 0067g | 486g | 3.37g
1500 (33.3 g) 0440 g 0.300 g 0.100g | 7.29g | 5.05g
2000 (44.4 g) 0586 g 0.400 g 0133g | 9.72g | 6.74g

20 g (100 mL) of a Fish Oil 50% - MCT Oil 50% Mixture

100 (2.29) 0.024 g 0017g 0006g | 0.40g | 028g
500 (11.1g) 0122 g 0.083 g 0.028g | 203g | 140g
1000 (22.2 g) 0.244 g 0.167 g 0056g | 4.05g | 281g
1500 (33.3 g) 0.366 g 0.250 g 0083g | 6.08g | 421g
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2000 (44.4 g) 0.488 g 0.333g 0111g | 8109 | 5629
20 g (100 mL) of a Fish Oil 40% - MCT Oil 60% Mixture

100 (229) 0.019g 0013 g 0004g | 032g | 022g

500 (11.19) 0.098 g 0.067 g 0022g | 162g | 112g

1000 (22.2 g) 0.195g 0133 g 0044g | 324g | 225¢

1500 (33.3 g) 0293 g 0.200 g 0067g | 486g | 337g

2000 (44.4 g) 0.391g 0.266 g 0089g | 6489 | 449g

*Amounts of omega-6 FAs are averages from fish families in monograph 1352.
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Table 4. EFA Intakes from Sample LipOmega-3 MCT Formulations
Fish Oil—MCT Oil—Soya Oil Mixtures
Kcals/day 20 g (100 mL) of Fish Oil 60% - MCT Oil 39% - Soya Oil 1%
(20% Fat) *Linoleic | *Linolenic AA EPA DHA
100 (2.29) 0.041g 0.022 g 0.007 g 0.48¢g 0.33¢g
500 (11.19) 0.208 g 0.110g 0.033 g 243¢g 16849
1000 (22.2 g) 0.415¢g 0.222 g 0.067 g 4869 3374
1500 (33.39) 0.623 g 0.333 g 0.100 g 7.29¢ 5.05¢g
2000 (44.4 qg) 0.830¢g 0444 g 0.133 g 9.72¢ 6.74 g

20 g (100 mL) of Fish Oil 60% - MCT Oil 38% - Soya Oil 2%

100 (2.2 9) 0.053 g 0.024 g 0.007 g 048g 0.33g
500 (11.19) 0.269 g 0122 g 0.033g 243 g 1689
1000 (22.2 g) 0.537 g 0.244 g 0.067 g 4869 3379
1500 (33.3 g) 0.806 g 0.367 g 0.100 g 7.29g 5059
2000 (44.4 g) 1.074 g 0.489 g 0.133 g 9729 6.74 9

20 g (100 mL) of Fish Oil 60% - MCT Oil 37% - Soya Oil 3%

100 (2.2 9) 0.065 g 0.027 g 0.007 g 048g 0.33g
500 (11.19) 0.330 g 0133 g 0.033g 243 g 168¢
1000 (22.2 g) 0.659 g 0.266 g 0.067 g 4869 337g
1500 (33.3 ) 0.989 g 0.400 g 0.100 g 7.29g 5059
2000 (44.4 g) 1319 ¢ 0533 g 0.133 g 9.72 g 6.74 g

20 g (100 mL) of Fish Oil 60% - MCT Oil 36% - Soya Oil 4%

100 (2.29) 0.077 g 0.029 g 0.007 g 048 g 0.33g
500 (11.1g) 0.391g 0.144 g 0.033g 243 g 1689
1000 (22.2 g) 0.781g 0289 g 0.067 g 4869 3379
1500 (33.3 g) 1173 g 04339 0.100 g 7.29g 5059
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2000 (444 g) 1563 g 0578¢ 0.133 g 9.72g 6.74 g

20 g (100 mL) of Fish Oil 60% - MCT Oil 35% - Soya Oil 5%
100 (2.2 9) 0.085g 0.031g 0.007 g 048¢ 0.33g
500 (11.1g) 0452 g 0.156 g 0.033 g 243 g 1689
1000 (22.2 g) 0.904 g 0311g 0.067 g 486 3379
1500 (33.3 g) 1.356 g 0.467 g 0.100 g 729¢ 505g
2000 (44.4 g) 1807 g 0622 ¢ 0.133 g 9.72g 6.74 g

*Includes amounts from both Fish Oil and Soya Qil.
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Table 5. Various Sample Concentrations of the Oil Phase While
Maintaining a Phospholipid:Triglyceride ratio of 0.06
Total Oil Phospholipid Fish Qil MCT Qil Soya Oil
(9/100 mL) (9/100 mL) (%) (%) (%)
5.0 0.30 90 10 0
7.5 0.45 80 20 0
10.0 0.60 80 15 5
12.5 0.75 70 30 0
15.0 0.90 70 29 1
17.5 1.05 60 40 0
20.0 1.20 60 36 4
22.5 1.35 50 50 0
25.0 1.50 50 47 3
27.5 1.65 40 60 0
30.0 1.80 31 69 0
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Table 6. Physical and Chemical Profile of Exemplary and Comparative

Emulsions (20 g oil/dL) at 25°C

Specifications Emulsions
Parameter Range 1 2 3 4 5
pH 7.5-85 8.07 8.06 8.1 8.0 7.9
Mean Size 240 - 320 234 235 282 243 256
(hm)
PFATs (%) <0.05 0.042 | 0.034 0.029 | 0.018 | 0.025
Peroxide <1.0 0.38 0.40 <01 <0.1 <0.1
Value
Acid Value <0.5 0.14 0.12 <0.2 0.3 0.3
Free Fatty <3.0 2.28 1.91 1.98 2.17 2.23
Acids
(mmol/L)
Phosphatidyl 7.8-10.6 9.53 9.91 9.13 8.89 9.13
Choline (g/L)
Glycerol (g/L) | 23.8-26.3 24.5 25.2 25.6 25.3 25.8

1 (exemplary) = 90% Fish Oil Triglycerides (FOT):10% Medium Chain
Triglycerides (MCTs)

2 (exemplary) = 70% FOT:30% MCTs

3 (comparative) = Lipofundin N (100% Soybean Oil Triglycerides)

4 (comparative) = Lipofundin MCT (50% Soybean Oil Triglycerides: 50% MCTs)
5 (comparative) = Lipidem (50% MCTs:40% Soybean Oil Triglycerides:10%
FOT)

While various embodiments are described herein, it will be appreciated that
variations, modifications and other changes in form and detail may be made without
departing from the spirit and scope of the disclosure. Such variations and
modifications are to be considered within the purview and scope of the disclosure as

defined by the appended claims.
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IN THE CLAIMS:
1. An emulsion comprising:
an oil component and a water component, the oil component comprising:
fish oil triglycerides in an amount of about 60% to about 90% based on
the weight of the oil component;
wherein the fish oil triglycerides comprise omega-3 fatty acids,
expressed as triglycerides, in an amount of at least 60%, based on the
total weight of the fatty acids of the fish oil triglycerides;
wherein the fish oil triglycerides comprise a total amount of EPA
and DHA, expressed as triglycerides, of at least 45%, based on the
total weight of the fatty acids of the fish oil triglycerides; and,
at least one medium-chain triglyceride oil, wherein a total amount of the
at least one medium-chain triglyceride oil is from about 10% to about 40%

based on the weight of the oil component.

2. The emulsion of claim 1, wherein the fish oil triglycerides are present in
an amount of about 70% to about 90% based on the weight of the oil component of

the emulsion.

3. The emulision of claim 1, wherein the fish oil triglycerides are present in

an amount of about 80% to about 90% based on the weight of the oil component of

the emulsion.
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4, The emulsion of claim 1, wherein the total amount of the at least one
medium-chain triglyceride oil is from about 10% to about 30% based on the weight of

the oil component of the emulsion.

5. The emulsion of claim 1, wherein the total amount of the at least one

medium-chain triglyceride oil is from about 10% to about 20% based on the weight of

the oil component of the emulsion.

6. The emulsion of claim 1, comprising a vegetable oil.

7. The emulsion of claim 6, wherein the vegetable oil is present in an

amount of up to 10% based on the weight of the oil component of the emulsion.

8. The emulsion of claim 6, wherein the vegetable oil comprises a

soybean oil, a safflower and/or a mixture thereof.

9. The emulsion of claim 1, wherein the oil component is substantially free

of myristic acid, palmitic acid and stearic acid.
10.  The emulsion of claim 1, wherein the amount of the oil component in
the emulsion is 5 g/100 mL to 17.5 g/100 mL, or the amount of the oil component in

the emulsion is 22.5 g/100 mL to 30 g/100 mL.

11.  The emulsion of claim 1, comprising egg phospholipid.
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12.  The emulsion of claim 1, comprising a-tocopherol.

13.  The emulsion of claim 1, comprising an omega-6 fatty acid-containing

triglyceride.

14. The emulsion of claim 1, wherein the emulsion is physicochemically

stable for at least 18 months.

15. The emulsion of claim 1, wherein the emulsion is physicochemically
stable as an extemporaneously prepared syringe dosage for at least 12 hours at a

temperature of 40°C.

16. A method of administering the emulsion of claim 1, comprising

administering a dose of the emulsion to a human body.

17. A method of parenterally administering the emulsion of claim 1,
comprising parenterally administering a dose of the emulsion to a human body to
treat a condition selected from the group consisting of: a systemic inflammatory
response syndrome, a respiratory distress syndrome, a nutritional and/or dietary
cause of liver disease, an iatrogenic cause of liver disease, a pathological cause of
liver disease, an immune modulation, head trauma, postoperative surgical stress, a

myocardial infarction, cystic fibrosis and a combination thereof.

18.  An oil composition suitable for use as an oil component of an oil-in-

water emulsion, comprising:
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fish oil triglycerides in an amount of about 60% to about 90% based on the
weight of the composition;
wherein the fish oil triglycerides comprise omega-3 fatty acids,
expressed as triglycerides, in an amount of at least 60%, based on the
total weight of the fatty acids of the fish oil triglycerides;
wherein the fish oil triglycerides comprise a total amount of EPA
and DHA, expressed as triglycerides, of at least 45%, based on the
total weight of the fatty acids of the fish oil triglycerides; and,
at least one medium-chain triglyceride oil, wherein a total amount of the at
least one medium-chain triglyceride oil is from about 10% to about 40% based on the

weight of the composition.

19.  An emulsion comprising:
an oil component and a water component, the oil component comprising:
fish oil triglycerides in an amount of greater than 50% to about 90%
based on the weight of the oil component of the emulsion;
wherein the fish oil triglycerides comprise omega-3 fatty acids,
expressed as triglycerides, in an amount of at least 60%, based on the
total weight of the fatty acids of the fish oil triglycerides;
wherein the fish oil triglycerides comprise a total amount of EPA
and DHA, expressed as triglycerides, of at least 45%, based on the
total weight of the fatty acids of the fish oil triglycerides; and,

a medium-chain triglyceride oil.
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20. The emulsion of claim 19, wherein the fish oil triglycerides are present
in an amount of about 60% to about 90% based on the weight of the oil component

of the emulsion.

21. The emulsion of claim 19, wherein the total amount of the at least one
medium-chain triglyceride oil is from about 10% to about 40% based on the weight of

the oil component of the emulsion.

22. The emulsion of claim 19, comprising a vegetable oil.

23. The emulsion of claim 22, wherein the vegetable oil is present in an

amount of up to 10% based on the weight of the oil component of the emulsion.

24. The emulsion of claim 22, wherein the vegetable oil comprises a

soybean oil, a safflower and/or a mixture thereof.

25. The emulsion of claim 19, wherein the emulsion is an oil-in-water
emulsion, and wherein the concentration of the oil component in the emulsion is 5
g/100 mL to 17.5 g/100 mL, or the concentration of the oil component in the

emulsion is 22.5 g/100 mL to 30 g/100 mL.

26. The emulsion of claim 19, wherein the emulsion is physicochemically

stable for at least 18 months.
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27. A method of administering the emulsion of claim 19, comprising

administering a dose of the emulsion to a human body.

28.  An emuision comprising:
an oil component and a water component, the oil component comprising:
fish oil triglycerides in an amount of about 31% to about 90% based on
the weight of the oil component of the emulsion;
wherein the fish oil triglycerides comprise omega-3 fatty acids,
expressed as triglycerides, in an amount of at least 60%, based on the
total weight of the fatty acids of the fish oil triglycerides;
wherein the fish oil triglycerides comprise a total amount of EPA
and DHA, expressed as triglycerides, of at least 45%, based on the
total weight of the fatty acids of the fish oil triglycerides; and,
a medium-chain triglyceride;
wherein the emulsion is an oil-in-water emulsion, and wherein the
concentration of the oil component in the emulsion is 5 g/100 mL to less than 20
g/100 mL, or the concentration of the oil component in the emulsion is greater than

20 g/100 mL to 30 g/100 mL.

29. The emulsion of claim 28, wherein the fish oil triglycerides are present

in an amount of about 60% to about 90% based on the weight of the oil component

of the emulsion.
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30. The emulsion of claim 28, wherein the total amount of the at least one
medium-chain triglyceride oil is from about 10% to about 40% based on the weight of

the oil component of the emulsion.

31.  The emulsion of claim 28, comprising a vegetable oil.

32. The emulsion of claim 31, wherein the vegetable oil is present in an

amount of up to 10% based on the weight of the oil component of the emulsion.

33. The emulsion of claim 31, wherein the vegetable oil comprises a

soybean oil, a safflower and/or a mixture thereof.
34. The emulsion of claim 28, wherein the concentration of the oil
component in the emulsion is 5 g/100 mL to 17.5 g/100 mL, or the concentration of

the oil component in the emulsion is 22.5 g/100 mL to 30 g/100 mL.

35.  The emulsion of claim 28, wherein the emulsion is physicochemically

stable for at least 18 months.

36. A method of administering the emulsion of claim 28, comprising

administering a dose of the emulsion to a human body.

37.  An emulsion comprising:

an oil component and a water component, the oil component comprising:

53



WO 2010/104575 PCT/US2010/000723

fish oil triglycerides present in an amount of about 31% to about 90%
based on the weight of the oil component of the emulsion;

wherein the fish oil triglycerides comprise omega-3 fatty acids,
expressed as triglycerides, in an amount of at least 60%, based on the
total weight of the fatty acids of the fish oil triglycerides;

wherein the fish oil triglycerides comprise a total amount of EPA
and DHA, expressed as triglycerides, of at least 45%, based on the
total weight of the fatty acids of the fish oil triglycerides;
a medium-chain triglyceride oil; and

a vegetable oil.

38. The emulsion of claim 37, wherein the fish oil triglycerides are present
in an amount of about 60% to about 90% based on the weight of the oil component

of the emulsion.
39. The emulsion of claim 37, wherein the total amount of the at least one
medium-chain triglyceride oil is from about 10% to about 40% based on the weight of

the oil component of the emulsion.

40. The emulsion of claim 37, wherein the vegetable oil is present in an

amount of up to 10% based on the weight of the oil component of the emulsion.

41.  The emulsion of claim 37, wherein the vegetable oil comprises a

soybean oil, a safflower and/or a mixture thereof.
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42. The emulsion of claim 37, wherein the emulsion is an oil-in-water
emulsion, and wherein the concentration of the oil component in the emulsion is 5
g/100 mL to 17.5 g/100 mL, or the concentration of the oil component in the

emulsion is 22.5 g/100 mL to 30 g/100 mL.

43. The emulsion of claim 37, wherein the emulsion is physicochemically

stable for at least 18 months.

44. A method of administering the emulsion of claim 37, comprising

administering a dose of the emulsion to a human body.

45. An emulsion comprising:
an oil component and a water component, the oil component comprising:
fish oil triglycerides present in an amount of about 31% to about 90%
based on the weight of the oil component of the emulsion;
wherein the fish oil triglycerides comprise omega-3 fatty acids,
expressed as triglycerides, in an amount of at least 60%, based on the
total weight of the fatty acids of the fish oil triglycerides;
wherein the fish oil triglycerides comprise a total amount of EPA
and DHA, expressed as triglycerides, of at least 45%, based on the
total weight of the fatty acids of the fish oil triglycerides; and,
a medium-chain triglyceride oil;
wherein the emulsion is an oil-in-water emulsion, and wherein the

concentration of the oil component in the emulsion is 5 g/100 mL to 17.5 g/100 mL,
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or the concentration of the oil component in the emulsion is 22.5 g/100 mL to 30

g/100 mL.

46. An oil-in-water emulsion comprising:

a) fish oil triglycerides consisting of glycerol which is esterified with fatty acids
wherein said fatty acids comprise EPA and DHA in an amount of at least 45% by
weight of said fatty acids and the total amount of omega-3 fatty acids is at least 60%
by weight of said fatty acids, and

b) at least one medium chain triglyceride oil, and

wherein the fish oil triglycerides are present in an amount of at least 51% by
weight based on the total weight of the oil component, and the medium chain
triglycerides are present in an amount of 10% to 49% by weight based on the total

weight of the oil component.

47.  The oil-in-water emulsion of claim 46 wherein the fish oil triglycerides
are present in an amount ranging from 51% to 90% by weight based on the total

weight of the oil component.

48. The oil-in-water emulsion of claim 46 or 47 wherein the oil component

additionally comprises a vegetable oil.

49. The oil-in-water emulsion of claim 48 wherein the vegetable oil is

present in an amount of up to 10% by weight, preferably from 2% to 8% by weight

based on the total weight of the oil component of the oil-in-water emulsion.
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50. The oil-in-water emulsion of claim 48 or 49 wherein the vegetable oil is
selected from the group consisting of soybean oil and safflower oil and mixtures

thereof.

51.  The oil-in-water emulsion of at least one of claims 46 to 50 comprising
the oil component in an amount ranging from 5% to 30% by weight, preferably 15%
to 25% by weight, in particular 20% by weight based on the total weight of the

emulsion.

52.  The oil-in-water emulsion of at least one of claims 46 to 51 additionally
comprising at least one phospholipid which is preferably selected from the group of

phospholipids derived from egg or soya.

53.  The oil-in-water emulsion of claim 52 wherein the phospholipid is a

phosphatidy! choline.

54.  The oil-in-water emulsion of claim 52 or 53 wherein the phospholipid is
present in a weight ratio of phospholipid to triglycerides ranging from 0.05 to 0.07,

preferably 0.06.

55.  The oil-in-water emulsion of at least one of claims 46 to 54 additionally

comprising an isotonic agent, preferably in a concentration ranging from 20 to 25 g/L.

56. The oil-in-water emulsion of claim 55 comprising glycerol as isotonic

agent.
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57. The oil-in-water emulsion of at least one of claims 46 to 56 comprising

a pH adjusting agent.

58. The oil-in-water emulsion of claim 57 comprising sodium oleate as the

pH adjusting agent.

59. The oil-in-water emulsion of claim 57 or 58 wherein the pH adjusting

agent is present in a concentration of up to 3 g/L.

60. The oil-in-water emulsion of at least one of claims 46 to 59 wherein the
pH value of the emulsion ranges from 6 to 9, preferably from 6 to 8.5, more

preferably 7.5 to 8.5.

61.  The oil-in-water emulsion of at least one of claims 46 to 60 additionally

comprising an antioxidant which is preferably present in a concentration of up to 1

g/L.

62. The oil-in-water emulsion of claim 61 wherein the antioxidant is a-

tocopherol.

63. The oil-in-water emulsion of at least one of claims 46 to 62 wherein the

emulsion is parenterally applicable.
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64. Oil-in-water emulsion of at least one of claims 46 to 63 wherein the
mean droplet diameter of the oil droplets is below 250 nm, preferably below 240 nm

at 20°C.

65. A pharmaceutical composition comprising or consisting of an oil-in-

water emulsion of at least one of claims 46 to 64.

66. Pharmaceutical composition of claim 64 for use in the prophylaxis or
treatment of the group of diseases consisting of systemic inflammatory response
syndrome (SIRS), respiratory distress syndrome (RDS), nutritional and/or dietary
cause of liver disease, an iatrogenic cause of liver disease, a pathological cause of
liver disease, an immune modulation, head trauma, post operative surgical stress, a

myocardial infarction and cystic fibrosis.
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