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PHARMACEUTICAL COMPOSITIONS AND METHODS
FOR PRODUCING LOW IMPURITY
CONCENTRATIONS OF THE SAME

Field of the Invention

[1] The instant invention relates to pharmaceutical compositions, and in
particular to compositions of clevidipine having a reduced level of
impurities, and a method of maintaining the stability of such

pharmaceutical compositions.

Background of the Invention

2] Clevidipine, which is also known as Cleviprex™, is a short-acting,
vascular selective calcium antagonist that has been shown to reduce
arterial blood pressure with a fast termination of effect due to
metabolism by blood and tissue esterases. As an arterial-selective
vasodilator, clevidipine reduces peripheral vascular resistance directly,

without dilating the venous capacitance bed.

i3] The chemical name of clevidipine is butyroxymethyl methyl 4-(2',3-
dichlorophenyl)-1,4-dihydro-2,6-dimethyl-3,5-pyridinedicarboxylate

(C21H23CIoNOg). lts structure is as foliows:
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[4]

(5]

Clevidipine is typically formulated as a liquid emulsion suitable for
intravenous administration..  Lipid emulsions are widely used in
parenteral nutrition use for approximately 30 years and in the recent
past have been used as drug carriers for insoluble drugs such as
propofol (Diprivane), and diazepam. Apart from their ability to deliver
insoluble drugs, emulsions are also suitable dosage forms for drugs
like clevidipine that are susceptible to hydrolytic breakdown.
Emulsions have also been reported to prevent drugs from adhering to
plastic administration sets used during intravenous injection, and

reduce local toxicity on infusion.

As a pharmaceutical composition, it is essential that clevidipine
maintains its stability. Over the past several years, various impurities
have been identified in compositions containing clevidipine as an
active ingredient. For example, some impurities arise from the
process used in making clevidipine, while others are due to gradual
degradation of the active ingredient. As a pharmaceutical composition,

it is essential to maintain stability and minimize the amount of
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impurities regardless of their source or the mechanism of degradation.
Therefore, a need exists for compositions of clevidipine having
acceptable stability profiles with respect to their ultimate potency and
impurity levels. There is also a need for methods for maintaining the

stability of compositions having clevidipine as an active ingredient.

Summary of the Invention

6]

[7]

8]

The first aspect of the present invention describes a number of
impurities which may be derived from clevidipine through a hydrolysis,
decarboxylation and condensation reaction. It describes the structure
of these impurities and methods of detecting and analyzing these

impurities.

The second aspect of the present invention describes methods of
reducing the amount of such impurities in a pharmaceutical

compositions having clevidipine as an active ingredient.

The third aspect of the present invention describes pharmaceutical
compositions prepared or stored using the methods described herein

wherein the level of certain impurities is minimized or reduced,

In particular, the present invention describes pharmaceutical
composition having clevidipine as an active ingredient, and having a

reduced level of one or more impurities selected from a group
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[10]

[11]

[12]

consisting of Substance 23, Substance 24, Substance 25 and

H168/79.

More specifically, the present invention describes a pharmaceutical
composition having clevidipine as an active ingredient, wherein the
compositions contains equal or no more than 0.2% of an impurity on a
weight-to-weight of impurity to clevidipine and the impurity is selected

from a group consisting of Substance 23, 24 and 25.

Even more specifically, the present invention describes a
pharmaceutical composition having clevidipine o‘r any of its
pharmaceutically acceptable salt forms, as the active ingredient,
wherein the composition contains equal or no more than 0.2% on a
weight-to-weight of impurity to clevidipine for each of the purities,

Substance 23, 24 and 25.

The present invention includes 9ompositions having clevidipine, as an
active ingredient, wherein the composition contain a reduced level of
an amount of the impurity H168/79 that is no greater than about 1.5%
weight-to-weight of impurity to clevidipine basis, or where the ratio of
the area under the chromatographic curve between clevidipine and

H168/79 is equal or greater than 60 to 0.9.
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[13]

[14]

[15]

The present invention also includes compositions having clevidipine or
any of its pharmaceutical acceptable salt forms, as an active
ingredient, wherein the compositions contain a reduced level of an
amount of the impurities H168/79, Substance 23, Substance 24, and
Substance 25 that the level of H168/79 is no greater than about 1.5%
on a weight-to-weight of impurity to clevidipine or where the ratio of
the area under the chromatographic curve between clevidipine and
each of Substance 23, Substance 24, and/or Substance 25 is equal or
greater than 500 to 1, and the ratio the area under the
chromatographic curve between clevidipine and H168/79 is equal or

greater than 60 to 0.9.

The present invention also describes a method of manufacturing
compositions having clevidipine as an active ingredient, and an
amount of the impurity H168/79 that is no greater than about 1.0%
weight-to-weight of impurity to clevidipine, or where the ratio between

clevidipine and H168/79 is equal or greater than 100 to 1.

The fourth aspect of the present invention is a method of treating or
alleviating a disease or condition in a subject in need thereof,
comprising administering to the subject an effective amount of a
pharmaceutical composition having clevidipine or any of its

pharmaceutical acceptable salt forms as the active ingredient, wherein
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[16]

the level of impurities is reduced or minimized to no more than 0.2%
weight-to-weight of impurity to clevidipine for any of Substance 23,
Substance 24, and Substance 25, and no more than 1.5% for H168/79
based on a weight-to-weight of impurity to clevidipine . -As used
herein the disease or condition refers to any disease or condition
which may be treated using a selective calcium channel block, such
as clevidipine. Examples of such disease or condition include, without
limitation, hypertension, such as primary hypertension, secondary

hypertension, acute hypertension, chronic hypertension, high blood

Pressure, chest pain (angina), migraine, brain aneurysm
complications, irregular heartbeats (arrhythmia) and Raynaud’s

disease.

Description of the Figures

[17]

[18]

Understanding of the present invention will be facilitated by
consideration of the following detailed description of the embodiments
of the present invention taken in conjunction with the accompanying

drawing, in which like numerals refer to like parts and in which:

FIG. 1 illustrates a proposed degradation pathway of clevidipine.

Detailed Description of the Preferred Embodiments
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[19]

[20]

It is to be understood that the figures and descriptions of the present
invention have been simplified to illustrate elements that are relevant
for a clear understanding of the‘ present invention, while eliminating,
for the purpose of clarity, many other elements found in typical
pharmaceutical compositions and methods of stabilization. Those of
ordinary skill in the art will recognize that other elements and/or steps
are desirable and/or required in implementing the present invention.
However, because such elements and steps are well known in the art,
and because they do not facilitate a better understanding of the
present invention, a discussion of such elements and steps is not
provided herein. The disclosure herein is directed to all such variations
and modifications to such elements and methods known to those
skilled in the art. Furthermore, the embodiments identified and
illustrated herein are for exemplary purposes only, and are not meant

to be exclusive or limited in their description of the present invention.

As mentioned previously, clevidipine is a fast acting dihydropyridine
calcium channel blocking agent developed for the treatment of various
conditions, such as hypertension, including primary hypertension,
secondary hypertension, acute hypertension, chronic hypertension
and perioperative hypertension in cardiac surgery, high blood
pressure, chest pain (angina), migraines, brain aneurysm

complications, irregular heartbeats (arrhythmia) and Raynaud's
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[21]

[22]

disease. As an arterial-selective vasodilator, clevidipine reduces
péripheral vascular resistance directly, without dilating the venous
capacitance bed. The end effect can be a reduction in systolic blood
pressure. More detailed information on short-acting dihydf@pyridines
and their clinical indications can be found in U.S. Patent No.
5,856,346, the entire disclosure of which is incorporated by reference

herein as if set forth in its entirety.

As used herein, the term “clevidipine” shall mean and include all
varieties of forms of clevidipine. Unless otherwise specified, examples
of such forms include all pharmaceutically acceptably salts, esters,

isomers, stereo isomers, crystalline and amorphous forms.

As used herein, the term “pharmaceutically acceptable salt” shall refer
to salts prepared from pharmaceutically acceptable non-toxic bases or
acids including inorganic or organic bases and inorganic or organic
acids. Examples of salts derived from inorganic bases include
aluminum, ammonium, calcium, copper, ferric, ferrous, lithium,
magnesium, manganic salts, manganous, potassium, sodium, zinc,
and the like. Particularly preferred are the ammonium, calcium,
magnesium, potassium, and sodium salts. Salts derived from
pharmaceutically acceptable organic non-toxic bases include salts of

primary, secondary, and tertiary amines, substituted amines including
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[23]

naturally occurring substituted amines, cyclic amines, and basic ion
exchange resins, such as arginine, betaine, caffeine, choline, N,N'-
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2-
dimethylaminoethanol, ethanolamine, ethylenediamine, N-ethyl-
morpholine, N-ethylpiperidine, glucamine, glucosamine, histidine,
hydrabamine, isopropylamine, lysine, methylglucamine, morpholine,
piperazine, piperidine, polyamine resins, procaine, purines,
theobromine, triethylamine, trimethylamine, tripropylamine,

tromethamine, and the like.

Clevidipine is manufactured by reaction of 4-(2',3'-dichlorophenyl)-1,4-
dihydro-5-methoxycarbonyl-2,6-dimethyl-3-pyridinecarboxylic acid with
chloromethyl butyrate to obtain clevidipine. This reaction can be done
optionally in the presence of a corresponding hydrogen carbonate,
such as KHCOs, in refluxing acetonitrile. Inorganic salts can be
removed by filtration and the product is crystallized by the addition of
isopropanol and water with subsequent cooling. It can also be
crystallized by exchanging solvent from acetonitrile to a mixture of
alcohol, such as ethanol or isopropanol, and water with repeated
evaporations. In the further purification of the product the crystals are
washed with a mixture of water and ethanol or isopropanol. The
product can be dissolved in refluxing isopropanol, crystallized by

cooling, isolated by filtration and finally washed with a water and
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[24]

[25]

isopropanol mixture. A more detailed description of the manufacturing
process of clevidipine can be found in U.S. Patent No. 6,350,877, the
entire disclosure of which is incorporated by reference herein as if set

forth in its entirety.

Clevidipine is practically insoiuble in water, and thus is typically
formulated as a liquid emulsion suitable for intravenous administration.
Typically, each mL may contain 0.5 mg clevidipine in approximately
20% soybean oil emulsion for intravenous administration. Other
ingredients may include glycerin, water, purified egg yolk

phospholipids, and sodium hydroxide to adjust pH.

Emulsions offer much better solubility, less side effects of the vehicle
and better stability than conventional solutions. Qil-in-water emulsions
also prevent the compound from adherence to plastic infusion sets
that are to be used when administering the compound. These
emulsions provide a fast release and decay, and offer much better in
vivo solubility properties, fewer side effects of the vehicle and better
stability than conventional solutions. Further information regarding the
formulation of clevidipine can be found in U.S. Patent No. 5,739,152,
the entire disclosure of which is incorporated by reference herein as if

set forth in its entirety.

10
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[27]

It was previously unknown that compositions having clevidipine as an
active ingredient are heat intolerant and sensitive to water content.
However, based on this discovery that such adverse conditions can
give rise to an unacceptable level of impurities from pharmaceutical
compositions having clevidipine as an active ingredient, the present
invention provides compositions that include clevidipine and
minimized impurity levels, along with methods of manufacturing and

preserving these pharmaceutical compositions.

It has been discovered that clevidipine degrades under adverse
conditions into several impurities that compromise the purity and
ultimately the potency of clevidipine. For example, under adverse
conditions, clevidipine metabolizes into H168/79, which is also called
methyi 4-(2',3'-dicloropenyl)-1,4-dihydro-2,6,-dimethyl-5-pyridine-

carboxylate, and is shown in the following formula:

11
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[28]

[29]

Based on this discovery, a degradation pathway of clevidipine is
proposed, and is shown in Figure 1. This pathway includes a number
of clevidipine degradation products, such as H324/78, H152/66,
H152/81, H168/79, H207/59, and H207/36, for example. The pathway
also illustrates the further degradation of H168/79, by way of
hydrolysis and condensation, into Substance 23, Substance 24,
and/or Substance 25. The composition of Substance 23, Substance

24, and Substance 25 is as follows:

b, ) ,
P 0t
T “ ~F g
WelC. p »
0 “%1 Mﬁ%{ﬁ%{, e
P " %:0 Q{»j;l\t&ﬁgﬁi\\%
Substance 23 01,5 cls) Subsiance £5{1,6 fransg)

Bubgtynce 24 11,5 tranz)

Impurity levels were evaluated to determine the stability of clevidipine
emulsions and their ability to minimize degradation of clevidipine
under exposure to light. In addition H152/81, H168/79 and H207/59
are metabolites of clevidipine. H324/78 is a pyridine analog of the
active ingredient and is formed by the oxidation of clevidipine.
Degradation product H152/81 is a dihydropyridine carboxylic acid and
is formed from the hydrolysis of clevidipine. H152/81 can undergo

decarboxylation and oxidation sequentially to form H168/79 and

12
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[30]

[31]

[32]

H207/59 respectively. The degradation product H168/79 can undergo
hydrolysis to form the diketo ester H207/36 which can further cyclize
to form substituted cyclohexenone derivative impurities such as
Substance 23 and Substance 25. Substance 24, a diastereomer of

Substance 23, may also form during this reaction.

As with any of the exemplary embodiments of pharmaceutical

compositions described herein, it is preferred that the level of
impurities in the composition is as low as possible. Therefore, while
various exemplary embodiments of pharmaceutical compositions
include amounts of impurities within acceptable and effective ranges
for the compositions as a whole, the more pure the composition,
meaning the higher the percent of clevidipine or any of its acceptable
salt forms, the better.

Substance 23 is an impurity generated through the degradation of
H168/79. The degradation of H168/79 is accelerated when exposed
to temperatures in excess of 25°C as compared to temperatures
below 5°C. Therefore, the level of Substance 23 increases at higher
temperatures.

Similarly, Substance 25 is an impurity generated through the
degradation of H168/79 and may increase in quantity as H168/79

degrades.

13
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133]

[34]

Previously unidentified Substance 24 is also a degradation product of
H168/79. Given that Substance 24 is a diastereomer of Substance 23,
a separate HPLC method was developed to validate and quantify
Substance 24.

The present invention further includes a method of identifying and
guantifying levels of Substance 24 in pharmaceutical samples having
clevidipine as an active ingredient. In one embodiment, the method of
detecting Substance 24 in pharmaceutical samples having clevidipine
as an active ingredient includes the step of isolating the individual
chemical compounds making up the degradants or impurities found in
the clevidipine degradation pathway. This can be accomplished by
column chromatography, such as high pressure liquid chromatography
(“HPLC"), for example. The pharmaceutical sample having clevidipine
as an active ingredient can introduced in small volume to the column
and the resulting analysis of the eluent may illustrate the isolation and
identification of peaks representative of Substance 24. As may be
understood by those skilled in the art, any optimization of the HPLC
method may be performed to give the best separation of peaks as
between the various impu}rities found in the degradation of clevidipine.
Typical HPLC methods useful in the present invention are presented
in Examples 1 and 2. Based on this method of detecting Substance

24, the lower limit of detection, or the minimum detectible level of

14
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[35]

Substance 24, may be approximately 0.01% area of the
pharmaceutical composition containing clevidipine as an active
ingredient. Alternatively, there could be a lower limit of Substance 24,
where the ratio of clevidipine to Substance 24 may be equal or similar
to 9000 to 1 which is equal to or similar to 0.01%. Similarly, the lower
limit of Substance 25 or Substance 23 detection may be set forth as a
ratio of clevidipine to Substance 25 or Substance 23, where the ratio
of clevidipine to Substance 25 or Substance 23 may be equal or

similar to 9000 to 1 which is equal to or similar to 0.01%.

Example 1 HPLC Procedure

Clevidipine assay and related substances were tested at each time
point by a stability indicating method. This method is an isocratic,
normal phase HPLC method with peak detection at 220 nm
wavelength.

Column temperature: 35-40 degrees C.

Injection volume: 20 pl.

Flow rate: 1.0 mi/min.

Run time about 25 minutes.

Mobile phase of Heptane:ethanol (90:10) is employed and used for
the assay of clevidipine and the degradation products with the

exception of Substance 24.

15
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Condition column with clevidipine mobile phase at 1.0 mL/min for 4
hours.

New column should be conditioned overnight at 0.2mL/min.

When a degradation product is eluted, column can be washed with
filtered ethanol for about 2 hours at 1.0 mL/min, then proceed with
equilibration.

Examples of Column: PVA silica column 4.6 mm x 150 mm, 5 micron
PV12s051546WT or equivalent.

[36] Example 2 HPLC Procedure Substance 24

This method is an isocratic, normal phase HPLC method with peak
detection at 220 nm wavelength.

Column temperature: 35-40 degrees C.

Injection volume: 20 pl to 100 pl.

Run time about 60 minutes.

Mobile phase of Heptane:lsopropyl Aicohol (95:5) is employed is
used for the assay of Substance 24.

Condition column with Heptane:lsopropyl Alcohol 95:5 mobile phase
at 1.0 ml/min until the blank injection baseline is stable. New column
should be conditioned overnight at 0.2 mL/min.

Examples of Column: Two PVA silica columns 4.6 mm x 150 mm, 5
micron PV12s051546WT or equivalent.

Fiow rate 1.0 mL/min.

16



WO 2010/014727 PCT/US2009/052127

37} Calculation of percent impurity based on total peak area:

impurity Peak Area(100}
(total peak area of degradation products + H324/38 peak area (clevidipine peak area))

Calculation of percent impurity based on total peak area using H168/79
as the impurity exampie:

H168/79 Peak Area(100)
(total peak area of degradation products + H324/38 peak area (clevidipine peak area))

[38] When a standard of a particular decomposition product is available,
quantization of the impurity may be accomplished by standard
procedures known in the art such as constructing a standard curve or
by calculating a relative response factor (RRF). When a standard is
not available a ratio of the area under the curve for the impurity to
clevidipine can be used assuming a RRF previously calculated or if
the RRF is not known an RRF of 1.0 is used to calculate the percent

impurity

[39] The present invention includes pharmaceutical compositions having
clevidipine as an active ingredient, ‘wherein the level of impurity
H168/79 is no more than 1.5% on a weight-by-weight basis. In one
embodiment of the present invention, the pharmaceutical composition
includes clevidipine as an active ingredient and an amount of H168/79
that is no greater than about 1.2%. In other embodiments, the amount

of H168/79 is preferably no greater than about 1.0%, and most

17
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[40]

[41]

preferably no greater than about 0.5%. These compositions may
further include other degradants in variable amounts as described
herein, provided the required level of potency of clevidipine remains
satisfactory and effective for use to treat any indication as described

or incorporated by reference herein.

The pharmaceutical composition exemplified in Tables 1, 2 and 3 are
emulsions. The emulsions comprise: clevidipine 0.5 mg/ml., egg yolk
phospholipid 1.2%, soybean oil 20%, glycerol 2.25%. The remainder
being water adjusted to a pH between 6 and 8.8. The products were
packaged in 100 ml glass type Il boftles with 28 mm West compound

1821 black stopper and aluminum seal.

In another embodiment of the present invehtion, the pharmaceutical
composition inciudes clevidipine as an active ingredient and H168/79,
where the ratio of areas under the peak from an HPLC chromatogram
between clevidipine and H168/79 is equal or above 60 to 0.8
Alternatively, the ratio between clevidipine and H168/79 can be equal
to or above 100 to 1, 200 to 1, or 1000 to 1. In other embodiments,
the ratio between clevidipine and H168/79 can be between 2000 to 1
and 1000 to 1. These compositions may further include other
degradants in variable amounts as described herein, provided the

required level of potency of clevidipine remains satisfactory and

18
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effective for use to treat any indication as described or incorporated by
reference herein.

[42] The percentage of H168/79 increases and stabilizes at lower
temperatures approaching about 5°C, while it decreased at a
temperatures approaching about 25°C to about 40°C, for example.
This trend shows that a higher temperatures, H168/79 undergoes
further degradation to Substance 23, Substance 24, and/or Substance
25, by way of intermediary H207/36, as illustrated in Figure 1.

[43] Thus, as illustrated in Table 1, Table 2 and Table 3 below, the
lowering of temperature also provides stability for H168/79 and, as a

consequence, lowers and inhibits the amount of resulting second

Table 1 - Percentage of H168/79
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Table 2 - Percentage of Substance 23
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[44] According to an aspect of the present invention, the above mentioned

methods of stabilizing pharmaceutical compounds having clevidipine
‘as an active ingredient provide a shelf life of at least 36 months for the

compositions, when stored at about 2°C to 8°C. After being removed
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[46]

from this refrigerated condition and placed at roughly room
temperature (15°C to 30°C), the compositions remain stable for up to

at least 2 additional months.

The present invention also includes a method of maintaining the
stability of a pharmaceutical composition having clevidipine as the
active ingredient, including the slowinQ down or otherwise inhibiting of
the hydrolysis pathway of clevidipine by reducing or inhibiting the
amount of water in the process of manufacturing the composition, as

well as the emulsification process in the final formulation.

In one embodiment of the present invention, clevidipine is
manufactured by reaction of 4-(2',3'-dichlorophenyl)-1,4-dihydro-5-
methoxycarbonyl-2,6-dimethyi-3-pyridinecarboxylic acid with
chloromethyi butyrate to obtain clevidipine. This reaction can be done
optionally in the presence of a corresponding hydrogen carbonate,
such as KHCOj;, in refluxing acetonitrile. Inorganic salts can be
removed by filtration and the product is crystallized by the addition of
isopropanol with subsequent cooling. It can also be crystallized by
exchanging solvent from acetonitrile to a mixture of alcohol, such as
ethanol or isopropanol, with repeated evaporations. In the further
purification of the product the crystals are washed with a mixture of

ethanol or isopropanol. The product can be dissolved in refluxing
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[47]

[48]

isopropanol, crystallized by cooling, isolated by filtration and finally
washed with an isopropanol mixture. A more detailed description of
the manufacturing process of clevidipine can be found in U.S. Patent
No. 6,350,877, the entire disclosure of which is incorporated by

reference herein as if set forth in its entirety.

Clevidipine is typically formulated as a liquid emulsion suitable for
intravenous administration.  Lipid emulsions are widely used in
parenteral nutrition use for approximately 30 years and in the recent
past have been used as drug carriers for inscluble drugs such as
propofol (Diprivane), and diazepam. Apart from their ability to deliver
insoluble drugs, emulsions are also suitable dosage forms for drugs
like clevidipine that are susceptible to hydrolytic breakdown.
Emulsions have also been reported to prevent drugs from adhering to
plastic administration sets used during intravenous injection, and

reduce local toxicity on infusion.

Typically, each mL may contain 0.5 mg clevidipine in approximately
20% soybean oil emuision for intravenous administration. Other
ingredients may include glycerin , purified egg yolk phospholipids and
sodium hydroxide to adjust pH. Generally, water for injection is
dispensed to a mix tank at about 74°C to about 78°C. Glycerin is

added, and the aqueous phase is cooled to about 60°C to about 70°C
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[49]

prior to addition of the oil phase. For the oil phase, soybean oil is
dispensed into a dissolving tank, mixed and heated to about 70°C to
about 82°C. Clevidipine is then added to the soybean oil mixture and
heated to about 78°C to about 82°C. Egg yolk phospholipids are then
added to the mixture. The aqueous and oil phases are mixed together
to form an emulsion, and the pH is adjusted with 1N sodium hydroxide
to a pH of about 6 to about 8.8. The emulsion is then homogenized at
a pressure of about 500 to 8000 psi and a temperature of about 50°C
to about 55°C to a fine particle size. Preferably, the emulsion is
homogenized at about 25° C, More preferably at about 15° C, still
more preferably at about 10° C and most preferably at about 5° C.
The samples are filtered and dispensed into 50mL or 100mL bottles
and capped with siliconized rubber stoppers, and crimp sealed with an
aluminum overseal. Further information regarding the formulation of
clevidipine can be found in U.S. Patent No. 5,739,152, the entire
disclosure of which is incorporated by reference herein as if set forth

in its entirety.

Emulsions of the present invention comprise an oil-in-water emulsion
comprising: a) clevidipine, b) a lipid phase, c¢) an emulsifier, and
d) water or a buffer. The emulsion may also contain co-solvents or
other solubility enhancers, antioxidants, stabilizers, pH-adjusting

agents or tonicity modifying agents, such as glycerol.
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[50]

[51]

In an emulsion of the present invention, clevidipine is present from
about 0.4 mg/ml to about 0.6 mg/ml. Preferably clevidipine is present
from abut 0.45 mg/mi to about 0.55 mg/ml. The lipid phase is present
from about 1% to about 35%, preferably from about 18% to about 22%.
The emulsifier is present from about 0.01 fo about 2 times the weight
of the lipid phase, preferably from about 0.5% to about 4% and more
preferably from about 1% to about 1.32%. The remainder of the

emulsion is water or buffer. The preferred range of water or buffer is

- about 75% to about 90%. The pH of the emulsion is adjusted to about

6 to about 8.8, preferably from about 7.5 to about 8.8. When present,
glycerol is present from about 2% to about 2.5%. Percentages of the

emulsion composition are expressed as weight/weight.

Lipid phases in the emulsion are any pharmaceutically acceptable oil,
preferably triglycerides such as soy bean oil, safflower seed oil, olive
oil, cottonseed oil, sunflower oil, sesame oil, peanut oil, corn olil,
medium chain triglycerides (such as Miglyol.RTM. 812 or 810) or
triacetin. The lipid phase may also be propylene glycol diesters or
monoglycerides (such as acetylareal monoglycerides). The lipid phase
can also be a mixture of said ingredients.

The most preferred lipid phase is soy bean oil.
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[53]

Emulsifiers are any pharmaceutically acceptable emulsifier, preferably
phospholipids exiracted from egg yolk or soy bean, synthetic
phosphatidy! cholines or purified phosphatidyl cholines from vegetable
origin. Hydrogenated derivatives can also be used, such as
phosphatidyl choline hydrogenated (egg) and phosphatidyl choline
hydrogenated (soya). Emulsifiers may also be non-ionic surfactants
such as poloxamers (for example Poloxamer 188 and 407),
poloxamines, polyoxyethylene stearates, polyoxyethylene sorbitan
fatty acid esters or sorbitan fatty acid esters. lonic suffactants may
also be used such as cholic acid and deoxycholic acid or surface
active deriviatives or salts thereof. The emulsifier can also be a
mixture of said ingredients. The most preferred emulsifier is egg yolk

phospholipid.

Those of ordinary skill in the art will recognize that many modifications
and variations of the present invention may be implemented without
departing from the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modification and variations of this
invention provided they come within the scope of the appended claims

and their equivalents.
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Claims

1. A pharmaceutical composition for treating or preventing hypertension in a
subject in need thereof, comprising clevidipine or any of its pharmaceuticaily
acceptable salts as an active ingredient, wherein the composition is stored at an
effective temperature so that the level of a degradant is approximately equal to or
less than 0.2% on a weight-by-weight basis, wherein the degradant is selected

from a group having the formula:

Substance 23 (1,6 cis)
Bubstance 24 (1,6 trans)
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2. The composition of claim 1, wherein the effective temperature is

approximately equal to or less than about 25°C.

3. The composition of claim 1, wherein the effective temperature is

approximately equal to or less than about 5°C.

4. A pharmaceutical composition for treating or preventing hypertension in a
subject in need thereof, comprising clevidipine or any of its pharmaceutically
acceptable salt as an active ingredient, wherein the composition is stored at an
effective temperature so that the level of a degradant, H168/79, is épproximately
equal to or less than 1.5% on a weight-by-weight basis, wherein H168/79 having

the formula:

i
M
HiGWTa

5. The composition of claim 4, wherein the effective temperature is

approximately equal to or less than about 25°C.
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6. The composition of claim 4, wherein the effective temperature is

approximately equal to or less than about 5°C.

7. A pharmaceutical composition comprising clevidipine and a degradant

having the formula:

MEO,C. s

QP!
N o,

oo
Substance 25 (1,6 trans)
~ prepared by a process comprising:

storing the pharmaceutical composition at an effective temperature
wherein the amount of degradant is approximately equal to or less than about

0.2%.

8. The composition of claim 7, wherein the effective temperature is

approximately equal to or less than about 25°C.

9. The composition of claim 7, wherein the effective temperature is

approximately equal to or less than about 5°C.
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10. A pharmaceutical composition comprising an effective

amount of

clevidipine and Substance 23, wherein the ratio of the HPLC peak areas between

clevidipine and Substance 23 is equal or above 500 to 1.

11. A pharmaceutical composition comprising an effective
clevidipine and Substance 24, wherein the ratic of the HPLC

between clevidipine and Substance 24 is equal or above 500 to 1.

12. A pharmaceUticaI composition comprising an effective
clevidipine and Substance 25, wherein the ratio of the HPLC

between clevidipine and Substance 23 is equal or above 500 to 1.

13. A pharmaceutical composition comprising clevidipine and

having the following formula:

w“f%

li o

o

e
%

1
MelyC..

BT
o sl
S

o s !;r
H
HiGaTs

amount of

peak areas

amount of

peak areas

a degradant

wherein the amount of degradant is approximately equal to or less than about

1.5% on a weight by weight basis.
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14. The composition of claim 13, wherein the amount of degradant is

approximately equal to or less than about 1.0%.

15.  The composition of claim 13, wherein the amount of degradant is

approximately equal to or less than about 0.5%.
16. A method of reducing impurities in a composition, comprising:
heating an oil to between to about 70°C to about 82°C;

adding to the heated oil clevidipine and heating the mixture to about

78°C;
adding to the mixture egg yolk phospholipids; and
adding an aqueous phase;
wherein the pH is adjusted to about 6 to about 8.8;
homogenizing the emulsion; and

wherein the amount of degradant with the formula of:
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is approximately equal to or less than about 1.5%.

17. The composition of claim 16, wherein the amount of degradant is

approximately equal to or less than about 1.0%.

18. The composition of claim 16, wherein the amount of degradant is

approximately equal to or less than about 0.5%.

19. The composition of claim 16, wherein the aqueous phase consists

essentially of glycerin.
20. The method of claim 16, wherein the pH is about 9.8.

21.  The method of claim 16, wherein the mixture is homogenized at about

25°C.

22. The method of claim 16, wherein the mixture is homogenized at about

15°C.
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23. The method of claim 16, wherein the mixture is homogenized at about

10°C.
24.  The method of claim 16, wherein the mixture is homogenized at about 5°C.

25. A pharmaceutical composition comprising an effective amount of

clevidipine prepared by a process comprising:
heating an oil to between to about 70°C;

adding to the heated oil clevidipine and heating the mixture to about

78°C,
adding to the mixture egg yolk phospholipids; and
adding an aqueous phase;

wherein the aqueous phase consists essentially of glycerin and the

pH is adjusted to about 9.5; and

wherein the amount of degradant with the formula of:
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|
H
HIGHTS

is approximately equal to or less than about 1.5%.

26. The composition of claim 25, wherein the amount of degradant is

approximately equal to or less than about 1.0%.

27. The composition of claim 25, wherein the amount of degradant is

approximately equal to or less than about 0.5%.

28. Method of detecting Substance 24, comprising optimizing an HPLC
method to detect Substance 24 wherein the ratio of the HPLC peak areas

between clevidipine and Substance 24 is equal or above 500 to 1.
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