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INJECTION DEVICE OF FENTANYL

FIELD OF THE INVENTION

The present invention relates to an injection device having a reservoir made up of plastic or
polymeric material having a rubber stopper, filled with an aqueous solution comprising

therapeutically effective amount of fentanyl or pharmaceutically acceptable salt thereof.

BACKGROUND OF THE INVENTION

Fentanyl (N-(1-phenethyl-4-piperidyl)propionanilide) is a potent opioid analgesic. The
approved products of fentanyl include tablets, lozenges, transdermal patches and injectable

solutions.

The injectable products of fentanyl or its salt are commercially available in the form of
conventional vials or ampoules such as for example, Sublimaze™ solution marketed by
Akorn Inc. or fentanyl citrate solution marketed by West-ward Pharmaceutical Corp. The
solution by West-ward is available in vials having volumes of 2 mL, 5 mL, 20 mL, 50 mL
and ampoules having volumes of 2 mL, 5 mL and 20 mL. Sublimaze™ solution is available

in ampoules having volumes of 2 mL, 5 mL, 10 mL and 20 mL.

Fentanyl injection products like Sublimaze™ are indicated for analgesic action of short
duration during anaesthetic periods, premedication, induction and maintenance and in the
immediate post-operative period (recovery room) as the need arises. It is also indicated for
use as an opioid/narcotic analgesic supplement in general and regional anaesthesia. It is
further indicated for administration with a neuroleptic as an anaesthetic premedication, for
the induction of anaesthesia, and as an adjunct in the maintenance of general and regional
anaesthesia. It is also indicated for use as an anaesthetic agent with oxygen in selected high
risk patients, such as those undergoing open heart surgery or certain complicated neurological

or orthopaedic procedures.

Fentanyl when formulated as an aqueous solution is prone to chemical degradation and
adsorption on surface of containers leading to stability problems. There are no injection
products of fentanyl available in the market which are autoclaved and contain aqueous
solution of fentanyl in an injection device made up of plastic or polymeric material. While

developing such an injectable product of fentanyl, the present inventors faced the problem of
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loss of assay and chemical degradation of fentanyl when the aqueous solution of fentanyl
having a pH of 4.0 to 5.0 is stored in a reservoir made up of plastic material stoppered with a
rubber stopper. Unacceptably high levels of total impurities and other unknown impurity,
along with reduction in assay of fentanyl is observed. It is further observed that when the

dosage form is autoclaved, it results in further generation of higher levels of impurities.

The present inventors have unexpectedly discovered that use of ethylenediamine tetraacetic
acid or its salt like disodium EDTA or disodium edetate prevented the chemical degradation
and loss of assay of fentanyl. The present inventors has found that the aqueous solution of
fentanyl and ethylenediamine tetraacetic acid or its salt at pH of 4.0 to 5.0 when stored in a
plastic container of an injection device, provide stable dosage form. It is surprisingly found
that ethylenediamine tetraacetic acid or its salt is able to control not only the drop in assay but
also control level of one specific impurity at relative retention time of 0.5 minutes separated
using High Performance Liquid Chromatographic technique. Further, inclusion of
ethylenediamine tetraacetic acid allow the injection device to be terminally sterilized by
autoclaving. This is particularly advantageous in that an injection device filled with solution
of fentanyl that is stable to autoclaving is obtained while avoiding otherwise needed costly
materials, for instance, lacquered or film coated stoppers, without compromising on the

chemical stability of fentanyl.

SUMMARY OF THE INVENTION

The present invention provides an injection device having a reservoir made up of plastic or
polymeric material having a rubber stopper, filled with an aqueous solution comprising
therapeutically effective amount of fentanyl or pharmaceutically acceptable salt thereof as a
sole active agent and ethylenediamine tetraacetic acid or its salt, the aqueous solution having
a pH in the range of 4.0 to 5.0; the solution is in contact with the rubber stopper; wherein the

injection device is sterilized by autoclaving.

The present invention preferably provides an injection device having a reservoir made up of
plastic or polymeric material having a rubber stopper, filled with an aqueous solution
comprising therapeutically effective amount of fentanyl or pharmaceutically acceptable salt
thereof as a sole active agent and ethylenediamine tetraacetic acid or its salt, the aqueous
solution having a pH in the range of 4.0 to 5.0 and an impurity at relative retention time of

0.5 minutes is not more than 0.2 % by weight; wherein the aqueous solution is in contact with
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the rubber stopper; wherein the injection device is sterilized by autoclaving and the aqueous

solution is stable upon storage at room temperature.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 represents a line diagram of pre-filled syringe according to one embodiment of the
present invention, depicting (1) tip cap stopper, (2) reservoir/barrel, (3) plunger stopper
having provision of getting attached to a plunger rod and (4) solution of fentanyl that remains

in contact with the plunger/rubber stopper filled in the reservoir during shelf life.

DETAILED DESCRIPTION OF THE INVENTION

The term ‘stable’ as used herein means that the aqueous solution of fentanyl contained in the
injection device according to the present invention remains physically and chemically stable
upon storage at room temperature (25°C/60% relative humidity) for a period of at least 12
months. The injection device of the present invention is said to be physically stable when the
solution upon visual inspection remains clear and there occurs no precipitation or crystal
formation upon storage at room temperature (25°C/60% relative humidity) for at least 12
months. The injection device of the present invention is said to be chemically stable when
the impurity at relative retention time of 0.5 is not more than 0.2 % by weight of fentanyl
upon storage at room temperature (25°C/60% relative humidity) for at least 12 months. As
used herein, the percentage of impurities is expressed as percentage by weight of fentanyl.
The content of highest unknown impurity is not more than 0.2 % by weight of fentanyl and
the content of total impurities is not more than 2.0 % by weight of fentanyl, preferably 0.01 to
1.0 % by weight of fentanyl upon storage at room temperature (25°C/60% relative humidity)
for at least 12 months. Particularly, the injection device of the present invention is said to be
chemically stable when the impurity at relative retention time of 0.5 minutes is not more than
0.2 % by weight of fentanyl upon storage at room temperature (25°C/60% relative humidity)
for at least 6 months, the impurity level being 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08,
0.09, 0.10 % (or less) by weight of fentanyl.

This impurity at relative retention time of 0.5 minutes is the one that is separated and
quantified using the following High Performance Liquid Chromatographic method. The High
Performance Liquid Chromatographic separation for the determination of % impurities is
achieved on a Inertsil ODS 3V column (250 X 4.6mm, Sp particle size) using a mobile phase
consisting of mixture of buffer (Potassium dihydrogen orthophosphate buffer, pH 3.2 + 0.1),
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acetonitrile and methanol in the ratio of 67:11:22 %v/v respectively. The High Performance
Liquid Chromatographic analysis is done at the flow rate of 1.0 ml/min with UV detection at

215 nm. The run time for the analysis is 90 minutes.

The High Performance Liquid Chromatographic analysis for the determination of % assay of
fentanyl is achieved on a Inertsil ODS 3V column (250 X 4.6mm, Su particle size) using a
mobile phase consisting of mixture of buffer (ammonium acetate buffer), methanol,
acetonitrile and glacial acetic acid in the ratio of 400:400:200:0.6 by volume respectively
adjusted to pH of 6.6 + 0.1 with glacial acetic acid. The High Performance Liquid
Chromatographic analysis is done at the flow rate of 2.0 ml/min with UV detection at 230
nm. The run time for the analysis is 15 minutes. The % assay of fentanyl in the aqueous
solution contained in the injection device according to the present invention is in the range of

90-110 % of label claim of fentanyl, preferably in the range of 95 % -105 % of label claim.

Preferably, the aqueous solution of fentanyl according to the present invention remains stable
for at least 24 months upon storage at room temperature (25°C/60% relative humidity). The
stability of the solution tested at accelerated storage condition of 40°C/25% relative humidity
for a period of three months and six months corresponds to room temperature stability for a

period of 12 months and 24 months, respectively.

‘Total impurities’ comprise summation of all known and unknown impurities of fentanyl. The
total impurities are expressed as % by weight of fentanyl i.e. % of the labelled fentanyl

content that is present in the aqueous solution.

The term “consisting essentially of” as used herein denotes the nature of the solution used
according to the present disclosure and is intended to mean a ready-to-administer solution of
fentanyl or pharmaceutically acceptable salt thereof that does not include excipients
employed to prepare nasal formulations like chitosan and pectin or other mucoadhesive
polymers, organic solvents like ethanol and propylene glycol, surfactants such as tween 80,
polysorbates, poloxamers, spans and the like; preservatives and antioxidants. The term
“consisting essentially of” according to the present invention excludes nasal formulations of

fentanyl.

According to one aspect of the present invention, the solution according to the present
disclosure is suitable for direct parenteral administration, i.e., it is “ready-to-administer”,

which means that the solution is prepared and filled into the reservoir of the injection device
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at the manufacturing site itself and at the time of parenteral administration there is no need of
any reconstitution, dilution, mixing or manipulation and the solution can be directly

administered parenterally from the injection device to the patient.

The aqueous solution according to the injection device of the present invention comprises
fentanyl or pharmaceutically acceptable salt thereof as the sole active ingredient in
therapeutically effective amounts. Examples of suitable pharmaceutically acceptable salts of
fentanyl for use in accordance with the present disclosure include for example, but are not
limited to, citrate, hydrochloride, chloride, sulphate, tartrate, or other similar salt forms. In
certain embodiments, the fentanyl may be employed as the free base. In preferred

embodiments, the pharmaceutically acceptable salt of fentanyl is fentanyl citrate.

Fentanyl or its pharmaceutically acceptable salt is present in the aqueous solution in an
amount ranging from 0.001 mg/ml to 0.15 mg/ml, preferably from about 0.001 to 0.10 mg/ml
such as about 0.002, 0.003, 0.004, 0.005, 0.01, 0.015, 0.02, 0.025, 0.03, 0.035, 0.04, 0.045,
0.05, 0.055, 0.06, 0.065, 0.07, 0.075, 0.08, 0.085, 0.09 or 0.095 mg/ml, more preferably in an
amount ranging from 0.005 mg/ml to 0.08 mg/ml or from about 0.005 to 0.05 mg/ml.
Suitably, the amount of fentanyl or its salt used in the present disclosure is expressed as

amounts equivalent to fentanyl base.

In one embodiment, fentanyl or its pharmaceutically acceptable salt is fentanyl citrate and it
is present in the aqueous solution in an amount equivalent to 0.001 mg/ml to about 0.1 mg/ml
of fentanyl base, preferably an amount equivalent to about 0.005 mg/ml to 0.075 mg/ml of
fentanyl base, more preferably in an amount equivalent to about 0.005 mg/ml to about 0.05
mg/ml of fentanyl base, more preferably from 0.01 mg/ml to 0.05 mg/ml of fentanyl base. In
one embodiment, the ready-to-administer aqueous solution contains fentanyl citrate in an
amount equivalent to 0.001 mg/ml to 0.02 mg/ml of fentanyl base. In a separate embodiment,
the ready-to-administer aqueous solution contains fentanyl citrate in an amount equivalent to
0.02 mg/ml to about 0.05 mg/ml of fentanyl base. In one specific embodiment, the aqueous
solution comprises fentanyl citrate in an amount equivalent to 0.05 mg/ml of fentanyl base. In
another specific embodiment, the aqueous solution comprises fentanyl citrate in an amount
equivalent to 0.02 mg/ml of fentanyl base. In another embodiment, the aqueous solution
comprises fentanyl citrate in an amount equivalent to 0.01 mg/ml of fentanyl base. In a
separate embodiment, the aqueous solution comprises fentanyl citrate in an amount

equivalent to 0.005 mg/ml of fentanyl base.
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The aqueous solution of fentanyl or pharmaceutically acceptable salt thereof is formulated in

pharmaceutically acceptable aqueous vehicle such as water for injection.

The aqueous solution of fentanyl according to the injection device of the present invention
comprises ethylenediamine tetraacetic acid (EDTA) or its salts. Non limiting example of salts
of ethylenediamine tetraacetic acid includes disodium EDTA, disodium edetate, dipotassium
EDTA, dipotassium edetate, their hydrates and solvates such as for example disodium EDTA
dihydrate, disodium edetate dihydrate, dipotassium EDTA dihydrate and the like. It is
unexpectedly discovered by the present inventors that use of ethylenediamine tetraacetic acid
or its salt like disodium EDTA prevents chemical degradation of fentanyl citrate in aqueous
solution having a pH of 4.0 to 5.0 stored in a plastic or polymeric container of an injection
device having a rubber stopper. It is further unexpectedly discovered that ethylenediamine
tetraacetic acid or its salt like disodium EDTA allows the solution to be autoclaved without
any chemical degradation and provides long term stability. Advantageously, use of costly
materials for example lacquered or film coating on stoppers of the injection device may be

avoided without compromising the solution stability.

In one embodiment, the ethylenediamine tetraacetic acid or its salt is present in the aqueous
solution at a concentration ranging from about 0.3 mg/ml to 3.5 mg/ml, preferably from about
0.4 mg/ml to 3.0 mg/ml, more preferably from about 0.4 mg/ml to 2.5 mg/ml such as for
example 0.40, 0.50, 0.60, 0.70, 0.80, 0.90, 1.00, 1.10, 1.20, 1.30, 1.40, 1.50, 1.60, 1.70, 1.80,
1.90, 2.0, 2.1, 2.2, 2.3, 2.4 or 2.5 mg/ml. In one embodiment, ethylenediamine tetraacetic acid
or its salt is present in the aqueous solution at a concentration ranging from about 0.4 to 2.0
mg/ml. In some embodiments, ethylenediamine tetraacetic acid or its salt is present at a
concentration ranging from about 1.0 mg/ml to 2.0 mg/ml. In one embodiment,
ethylenediamine tetraacetic acid or its salt is disodium EDTA and it is present in the aqueous
solution at a concentration ranging from about 0.3 mg/ml to 3.5 mg/ml, preferably from about
0.4 mg/ml to 3.0 mg/ml, more preferably from about 0.4 to 2.5 mg/ml. In preferred
embodiment, disodium EDTA is present in the aqueous solution at a concentration ranging
from 0.4 to 2.0 mg/ml. In some other embodiments, ethylenediamine tetraacetic acid or its

salt is present at a concentration ranging from about 1.0 to 2.5 mg/ml, or 1.5 to 2.0 mg/ml.

In aqueous solutions having pH in the range of 4.0 to 5.0 adjusted using citric acid- sodium
citrate buffer but having lower amount of disodium salt of ethylenediamine tetraacetic acid

1.e. 0.1 mg/ml or 0.2 mg/ml, the level of impurity at RRT 0.5 minutes was found to increase
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beyond the acceptable limit of 0.2 % by weight upon storage at 40°C/25% relative humidity
for 3 months and 6 months respectively (see Table 3- stability data of comparative examples
5 and 6 respectively). Therefore, the aqueous solution of fentanyl according to the present
invention preferably comprises ethylenediamine tetraacetic acid or its salt in an amount of 0.4
mg/ml or more, preferably in the range of 0.4 mg/ml to 2.0 mg/ml, such as for example 0.40,
0.50, 0.60, 0.70, 0.80, 0.90, 1.00, 1.10, 1.20, 1.30, 1.40, 1.50, 1.60, 1.70, 1.80, 1.90 or 2.0
mg/ml. The stability study results lead to a novel finding that a specific amount of
ethylenediamine tetraacetic acid or its salt is required to control the impurity at RRT 0.5

minutes, when storage at 40°C/25% relative humidity.

The pH of the aqueous solution of fentanyl according to the injection device of the present
invention is in the range of 4.0 to 5.0, preferably 4.0 to 4.8, such as for example 4.05, 4.10,
4.15, 4.20, 4.25, 4.30, 4.35, 4.40, 4.45, 450, 4.55, 4.6, 4.65, 4.70, 4.75 and 4.80 or
intermediate ranges thereof. In one embodiment, the pH of the aqueous solution of fentanyl is
in the range of about 4.1 to 4.7. In some embodiments, the pH of the aqueous solution of
fentanyl is in the range of about 4.2 to 4.6 or 4.7. The term “about” as used herein refers to
the pH of + 0.1 of the stated pH value. The pH is adjusted in the given range by use of a pH
adjusting agent. Examples of suitable pharmaceutically acceptable pH adjusting agents that
may be used, include, but are not limited to, citric acid, acetic acid, lactic acid, tartaric acid,
fumaric acid, malic acid, hydrochloric acid, sulphuric acid, methane sulphonic acid,
potassium hydroxide, sodium hydroxide or combinations thereof. In one or more
embodiments, the aqueous solution of fentanyl according to the injection device of the
present invention may further comprise a buffer or buffering agent to maintain the pH of the
solution in the range of 4.0 to 5.0. Example of suitable buffers or buffering agents that may
be used to adjust and maintain the pH of the solution may be selected from buffers that
provide a pH in the range of 4.0 to 5.0 such as for example but not limited to
pharmaceutically acceptable buffer systems such as citrate buffer, tartrate buffer, acetate
buffer, lactate buffer and the like or mixtures thereof. The aqueous solution of fentanyl
according to preferred embodiments is free of buffers that provide pH above 5.0, 6.0, 7.0 or
8.0 such as for example but not limited to, phosphate buffers. In a preferred embodiment, the
buffering agent is selected from citric acid, sodium citrate or combination thereof, i.e. citrate
buffer. Citric acid may be present in an amount ranging from about 0.01 mg/ml to 1.0 mg/ml,
preferably in an amount ranging from about 0.05 mg/ml to about 0.5 mg/ml, more preferably

in an amount ranging from about 0.05 mg/ml to about 0.35 mg/ml. In one embodiment, citric
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acid is present at a concentration of about 0.35 mg/ml. Sodium citrate is present in the
aqueous solution in an amount ranging from about 0.01 mg/ml to 2.0 mg/ml, preferably in an
amount ranging from about 0.1 mg/ml to about 1.0 mg/ml, more preferably in an amount
ranging from about 0.2 mg/ml to about 0.8 mg/ml,. In one embodiment, sodium citrate is

present at a concentration of about 0.5 mg/ml.

The presence of citric acid and/or sodium citrate has been found to impact the level of
impurity at relative retention time of 0.5 minutes. When the pH of the solution is adjusted to
pH range of 4 to 5 using other inorganic acids such as hydrochloric acid, but no citric acid
and/or sodium citrate is added, the impurity at relative retention time of 0.5 minutes has been
found to be little higher, for example, 0.126 % (see Table 3 -stability data of example 2- 6
month storage at 40°C/25% relative humidity), compared to the aqueous solution that have
citric acid or citrate buffer (for example, 0.023 %, see Table 3- stability data of example 1-6
month storage at 40°C/25% relative humidity).

According to one embodiment, the sterile, aqueous solution of fentanyl is free of non-
aqueous solvents or co-solvents such as alcohols or glycols. In one embodiment, the solution
is free of ethanol and propylene glycol. Preferably, the sterile aqueous solution of fentanyl is

free of sugar or sugar alcohols like dextrose, sorbitol, mannitol and the like.

In one embodiment, the sterile, aqueous solution of fentanyl is free of mucoadhesive
polymers like pectin or chitosan and surfactants like tweens, spans, poloxamers, polysorbates
and the like. These excipients are generally used to formulate nasal compositions and are not
intended to be used in the injectable solution of the present invention. Nasal compositions
besides having these added excipients generally have higher concentration of fentanyl such as
for example 0.5 mg/ml to 20 mg/ml, which are not suitable for preparing ready-to-administer

injectable formulations.

In one embodiment, the sterile, aqueous solution of fentanyl is free of preservatives such as
for example benzalkonium chloride, phenol, benzyl alcohol, phenyl ethyl alcohol, propyl
hydroxybenzoate, sorbic acid or its salts. In one embodiment, the sterile aqueous solution of
fentanyl is free of antioxidants such as for example sodium metabisulphite, sodium sulphite

and the like.

The sterile, injection device of the present invention is suitable for administering fentanyl by

parenteral routes such as, but not limited to, intravenous (IV), intra-muscular (IM) or sub-

8
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cutaneous (SC) routes. In some embodiments, the sterile, injection device of the present
invention is in the form of a prefilled syringe or autoinjector device suitable for intra-
muscular (IM) or sub-cutaneous (SC) administration of fentanyl. The sterile, injection device
of the present invention is preferably adapted for one time or single administration and not

for multiple administrations.

The present invention provides an injection device having a reservoir made up of plastic or
polymeric material having a rubber stopper, the reservoir being filled with an aqueous
solution comprising therapeutically effective amount of fentanyl or pharmaceutically
acceptable salt thereof as a sole active agent and ethylenediamine tetraacetic acid or its salt,
the aqueous solution having a pH in the range of 4.0 to 5.0; wherein the injection device is
sterilized by autoclaving, wherein the solution remains in contact with the rubber stopper

throughout the shelf life.

In one embodiment according to the present invention, the injection device of fentanyl
comprises a reservoir made up of plastic or polymeric material having a rubber stopper filled

with an aqueous solution, the solution comprising:

1) fentanyl citrate as a sole active ingredient in an amount equivalent to about 0.005
mg/ml to 0.1 mg/ml of fentanyl base,

i1) 0.4 to 3.0 mg/ml of disodium EDTA,

ii1) a pH adjusting agent and/or buffering agent,

iv) pH in the range of 4.0 to 5.0,

v) water for injection, and

vi) an impurity at relative retention time of 0.5 minutes of not more than 0.2 % by

weight of fentanyl;
wherein the aqueous solution is in contact with the rubber stopper,
wherein the injection device is sterilized by autoclaving,

wherein the aqueous solution is stable upon storage at room temperature for a period of at

least 12 months.

In one embodiment according to the present invention, the injection device of fentanyl
comprises a reservoir made up of plastic or polymeric material having a rubber stopper filled

with an aqueous solution, the solution comprising:
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1) fentanyl citrate as a sole active ingredient in an amount equivalent to 0.01 mg/ml
to 0.05 mg/ml of fentanyl base,

i1) 0.4 mg/ml to 2.0 mg/ml of disodium EDTA,

ii1) a pH adjusting agent and/or buffering agent,

iv) pH in the range of about 4.1 to 4.7 or 4.8,

v) water for injection, and

vi) an impurity at relative retention time of 0.5 minutes of not more than 0.2 % by

weight of fentanyl,

wherein the plastic or polymeric material comprises a cyclo-olefin polymer,

wherein the aqueous solution is in contact with the rubber stopper,

wherein the injection device is sterilized by autoclaving at a temperature in the range of
110°C to 130°C for time period in the range of 5 to 60 minutes,

wherein the aqueous solution is stable upon storage at room temperature for a period of at

least 12 months.

In one embodiment, the present invention provides an injection device of fentanyl comprising
a reservoir made up of plastic or polymeric material having a rubber stopper filled with an

aqueous solution, the solution comprising or consisting essentially of:

1) fentanyl citrate as a sole active ingredient in an amount equivalent to 0.01
mg/ml to 0.05 mg/ml of fentanyl base,

i1) disodium EDTA in amount ranging from about 0.4 mg/ml to 2.0 mg/ml,

ii1) citric acid in amount ranging from about 0.05 mg/ml to about 0.35 mg/ml,

iv) optionally a pH adjusting agent,

v) pH in the range of about 4.2 to 4.7,

vi) water for injection, and

vii) an impurity at relative retention time of 0.5 minutes of not more than 0.2 % by

weight of fentanyl;
wherein the aqueous solution is in contact with the rubber stopper,
wherein the injection device is sterilized by autoclaving,

wherein the aqueous solution is stable upon storage at room temperature for a period of at

least 12 months.
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In one specific embodiment, the present invention provides an injection device of fentanyl
comprising a reservoir made up of plastic or polymeric material having a rubber stopper filled

with an aqueous solution, the solution comprising or consisting essentially of:

1) fentanyl citrate as a sole active ingredient in an amount equivalent to 0.05
mg/ml of fentanyl base,

i1) disodium EDTA in amount ranging from about 0.4 to 2.0 mg/ml,

ii1) citric acid in amount ranging from about 0.05 mg/ml to about 0.35 mg/ml,

iv) sodium citrate in an amount ranging from about 0.2 mg/ml to about 0.8 mg/ml,

v) optionally a pH adjusting agent,

vi) pH in the range of 4.2 to 4.7,

vii) water for injection, and

viii) an impurity at relative retention time of 0.5 minutes of not more than 0.2 % by

weight of fentanyl;
wherein the aqueous solution is in contact with the rubber stopper,
wherein the injection device is sterilized by autoclaving,

wherein the aqueous solution is stable upon storage at room temperature for a period of at

least 12 months.

In another aspect, the present invention provides a sterile, ready-to-administer aqueous
solution of fentanyl suitable for parenteral administration comprising fentanyl citrate as the
sole active ingredient, ethylenediamine tetra-acetic acid or its salt, water for injection, and an
impurity at relative retention time of 0.5 minutes of not more than 0.2 % by weight of
fentanyl; wherein the pH of the solution is in the range of 4.0 to 5.0, wherein the solution is
contained in a reservoir of an injection device, said reservoir comprising a plastic or
polymeric material and having a rubber stopper, wherein the solution is in contact with a
rubber stopper, wherein the solution is sterilized by autoclaving, further wherein the solution

is stable upon storage at room temperature for a period of at least 12 months.

The injection device of the present invention comprises a reservoir for holding the sterile,
aqueous solution of fentanyl or pharmaceutically acceptable salt thereof. The reservoir of the
injection device may be made up of a plastic or polymeric material. The plastic or polymeric

material is selected from, but not limited to, cycloolefin polymer, cycloolefin copolymer,
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polyolefins, styrene-polyolefin based polymers and block co-polymers, polycarbonates and

the like.

According to the present invention, the injection device may be selected from, but not limited
to, a prefilled syringe, a pen injector or an autoinjector device. In preferred embodiments, the

injection device is a prefilled syringe.

In one embodiment, the prefilled syringe comprises following components: a reservoir such
as for example a barrel or a cartridge which stores the aqueous solution; a stalked needle
attached at one end of the reservoir; a needle shield or tip cap that covers the needle and seals
the needle tip opening, optionally a rigid shield covering the needle shield or tip cap; a
plunger stopper at other end of the reservoir that stoppers and seals the aqueous solution
filled in the reservoir; a plunger rod that fits into the plunger stopper and is used to push the
plunger stopper along with the solution towards the needle end while administering the drug.

The stalked needle may be made up of stainless steel.

In one or more embodiments, the prefilled syringe comprises a reservoir such as for example
a barrel or a cartridge which is needleless and has a luer tipped lock or tip cap stopper at one
end with provision for attaching a needle before use. The reservoir containing the sterile
aqueous solution of drug is further sealed with a stopper such as a plunger stopper at the other
end. The plunger stopper has provision of getting attached to a plunger rod that fits into the
plunger stopper and is used to push the plunger stopper along with the solution towards the

needle end while administering the drug.

The stoppers such as plunger stopper or tip cap stopper or needle shields provides physical
and sterility barrier against exterior environment. The plunger stopper, the tip cap stopper or
needle shields of the injection device may be made up of a rubber or elastomeric material or
other suitable material such as high density polyethylene or low density polyethylene. In
preferred embodiment, the plunger stopper or tip cap stopper or needle shield is made up of
rubber or elastomeric material selected from bromobutyl rubber, chlorobutyl rubber, styrene
butadiene rubber and the like and may be referred to as rubber stoppers. Preferably, the tip
cap stopper is made up of chlorobutyl rubber and the plunger stopper is made up of

bromobutyl rubber.

The volume of the sterile aqueous solution of fentanyl contained in the reservoir of the

injection device ranges from about 5 ml to 100 ml, preferably from about 10 ml to 60 ml,
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more preferably from about 20 ml to 50 ml. According to one preferred embodiment, the
volume of sterile aqueous solution of fentanyl filled in the reservoir is 20 ml. According to
another preferred embodiment, the volume of sterile aqueous solution of fentanyl filled in the

reservoir is 50 ml.

The container may optionally be packaged or enclosed in a secondary packaging. The
secondary packaging may comprise a blister pack or an overwrap pouch and/or an opaque
carton. A suitable oxygen scavenger may optionally be placed inside the secondary
packaging. In one embodiment, the secondary packaging comprises an aluminium overwrap
pouch and an oxygen scavenger. In a separate embodiment, the secondary packaging

comprises an EVOH blister with AlOx lidding film and an oxygen scavenger.

The aqueous solution of fentanyl contained in the injection device according to the present
invention is sterilized by autoclaving the aqueous solution filled in the injection device. The
aqueous solution is terminally sterilized by moist heat sterilization in an autoclave. The
autoclaving is preferably carried out at a temperature of 121° C. for 15 minutes. In one or
more embodiments, the autoclaving may be carried out at temperatures varying from about
110° C to 130° C, at sterilization pressure in the range of about 2.0 to 4.0 bar G, for a period
of time varying from about 5 minutes to 60 minutes. In one preferred embodiment, the ready-
to-administer aqueous solution of the present disclosure is subjected to membrane filtration
followed by filling the solution into the reservoir of an injection device and subjecting it to

terminal sterilization by autoclaving at 121° C for 15 minutes.

The injection device of fentanyl according to the present invention is suitable for use as an
analgesic of short duration during anaesthetic periods, premedication, induction and
maintenance and in the immediate post-operative period (recovery room) as the need arises. It
is also suitable for use as an opioid or narcotic analgesic supplement in general and regional
anaesthesia. It can also be administered with a neuroleptic as an anaesthetic premedication,
for the induction of anaesthesia, and as an adjunct in the maintenance of general and regional
anaesthesia. It is also suitable for use as an anaesthetic agent with oxygen in selected high
risk patients, such as those undergoing open heart surgery or certain complicated neurological

or orthopaedic procedures.

The present disclosure, in one embodiment, provides a kit comprising plurality of injection
devices having different volumes of solution of fentanyl, wherein the injection devices may

have same or different concentration of fentanyl, such as for example, injection device having
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volume in the range of 5 to 50 ml and concentration of fentanyl in the range of 5 to 50
mcg/ml. The kit comprising the injection devices are suitable for administering the desired
dose of fentanyl for the particular indication, such as administering the low, moderate or high
doses for the indication of adjunct to general anaesthesia. In one embodiment, the present
disclosure provides a kit comprising plurality of injection devices having one set of large
volume injection devices and further sets of small volume injection devices filled with
solution of fentanyl or a salt thereof at same or different concentrations, such that one or
more injection device (s) from the first set and/or one or more injection device(s) from the
second or further third set, directly administers the desired dose of fentanyl calculated based

on body weight and approved indication.

According to the present invention, the desired dosage of fentanyl can be administered by
using one or more injection device/s of the present invention, for example, one or more
injection device having varying volume and concentration of fentanyl. For example, to
administer fentanyl citrate injection for adjunct to general anaesthesia for low, moderate and
high doses, following injection device/s (pre-filled syringe/s) having varying strength and

volume specified therein can be used to achieve the desired daily dose for a 100 kg person.

Recomme [ Desired Details of Injection Devices used for administering desired dose
nded Dose: | :Dose for a e i =
POS‘? (meglkg) 100 ke S entar;ly. Fill Drug content N ok 4 oo
Indication person trelng't M e per device . 00 a mnélster
(mcg) solution (mL) e evice e
(mecg/ml) {mcg)
Low dose 2 200 5 20 100 2 200
Moderate 2 200 10 20 200 1 200
dose 3 300 10 30 300 1 300
(2to 3 500 10 50 500 1 500
20meg/kg) 10 1000 20 50 1000 1 1
High dose 20 2000 50 20 1000 2 2000
(20 to 50 30 3000 50 30 1500 2 3000
meg/kg) 50 5000 50 50 2500 2 5000

The desired volume of the fentanyl solution from the injection device/s is suitably injected or

infused to administer the desired dose.

Hereinafter, the invention will be more specifically described by way of examples. The

examples are not intended to limit the scope of the invention and are merely used as

illustrations.
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EXAMPLES

Table 1: Examples 1 to 4

Working Examples according to the present invention
Composition (Amount in mg/ml)
1 2 3 4

Fentanyl citrate equivalent 0.05 0.05 0.05 0.05
to fentanyl base
Disodium EDTA dihydrate 2.0 2.0 2.0 0.4
Citric acid 0.05 - 0.35 0.35
Sodium citrate - - 0.5 0.5
NaCl 9 9 - -
HCI/NaOH g.s. to adjust pH
pH 4.2 4.2 4.63 4.65
Water for injection g.s.to 1 ml

Method of Preparation: Water for injection was taken in a container and was purged with
Nitrogen to keep the dissolved oxygen content to less than 1 ppm. All the excipients were
added and dissolved gradually in water for injection with stirring. To this, fentanyl citrate was
added and dissolved gradually with stirring. The pH of the solution was checked, and was
adjusted to the desired pH value using suitable volume of hydrochloric acid or sodium
hydroxide solution. The volume was made up with water for injection. The solution was
filtered aseptically using 0.2 pm membrane filter into a filling vessel. The solution (50ml)
was aseptically filled in reservoir of prefilled syringe made up of polymeric material
comprising cyclo-olefin polymer and stoppered by a plunger stopper made up of an
elastomeric material comprising bromobutyl rubber. The solution comes in contact with the
rubber stopper. After filling, the solution was autoclaved at 121°C for 15 minutes. After
autoclaving, the pre-filled syringes were packaged in a blister packaging comprising an
EVOH blister with AlOx lidding film and an oxygen scavenger. The manufacturing

operations were carried out under sodium vapour lamp.
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COMPARATIVE EXAMPLES

Table 2: Comparative Examples 1 to 6

Comparative Examples

Composition (Amount in mg/ml)

1 2 3 4 5 6
Fentanyl citrate equivalent 0.05 0.05 0.05 0.01 0..05 0.05
to fentanyl base
Disodium EDTA dihydrate - 0.1 0.2
Citric acid 0.05 - - - 0.35 0.35
Sodium citrate - - - - 0.5 0.5
NaCl 9 9 - 9 -- --
HCI/NaOH g.s to adjust pH
pH 4.2 4.2 4.2 4.2 4.72 4.64
Water for injection g.s.to 1 ml

Method of Preparation: Method similar to that followed for examples 1 to 4, described above
was followed, except that the excipients varied as per composition given in Table 2. In
comparative example 4, the plunger rubber stopper was coated with a fluoropolymer film
made up of ethylene tetrafluoro ethylene. In comparative examples 1, 2, 3, 5 and 6, the

plunger stopper were uncoated, similar to examples 1 to 4.

Stability Study: The sterile, aqueous solution of fentanyl citrate of examples 1 to 4 (of the
present invention) and comparative examples 1 to 6 contained in the pre-filled syringe were
stored at room temperature (25°C/60% relative humidity) and at accelerated testing condition
of 40°C/25% relative humidity and were evaluated for stability indicating parameters at
various time points. The assay (%) of fentanyl and the content of impurities were analyzed by
High Performance Liquid Chromatographic procedure as described above under the
definition ‘stable’. The observed values of stability indicating parameters, i.e. assay (%);
content (%) of total impurities and content (%) of Impurity at relative retention time 0.5, for

the comparative and working examples are given below in Table 3:
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Table 3: Stability Indicating Parameters
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Parameters monitored to evaluate stability of the solution when stored in prefilled syringe and autoclaved

Assay (%) Total Impurities (%) Impurity at RRT 0.5 (%) ObSGl‘VB'.tIOrl
regarding
Storage After Upon Before After Upon Before After Upon stability
Condition Befor | autocla storage autoclavi | autocl storage at Autocl | autocla storage at
e ving at ng aving 40°C/ aving ving 40°C/
autocl 40°C/ 25%RH 25%RH
aving 25%RH
Time Point | Initial Initial (*month) Initial Initial (*month) Initial Initial (*month)
COMPARATIVE EXAMPLES
Comparativ 99.1 98.12 94.0 (6%) 0.01 0.137 1.945 (6*) ND ND 0.545 (6™) Impurity at RRT
e Example 1.9 (1% 0.535 (1%) 0.5 increased to
1 unacceptable
levels.
Comparativ | 100.6 98.97 96.85 0.163 0.33 1.659 (6*) 0.046 0.08 0.421 (6*) Impurity at RRT
e Example 9 (6%) 1.423 (1%) 0.437 (1%) 0.5 increased to
2 unacceptable
levels
Comparativ | 99.73 98.56 98.49 0.153 0.354 1.522 (6%) ND 0.078 0.453 (6™) Impurity at RRT
e Example (6%) 0.5 increased to
3 unacceptable
levels
Comparativ NA 100.35 9491 NA 0.499 3.437 (1%) NA 0.184 0.879 (1*) Impurity at RRT
e Example (1% 0.5 increased to
4 unacceptable
levels and
undesirable drop
in assay observed
upon storage
Comparativ NA 100.86 94.0 NA 0.193 1.208 (3*); NA ND 0.33 (3%); Impurity at RRT
e Example (3% 0.5 increased to
5 unacceptable
levels after 3
months.
Comparativ NA 98.26 94.08 NA 0.042 | 0.713 (6*); NA ND 0.221 (6*); Impurity at RRT
e Example (6%) 0.465 (3*); 0.12 (3%); 0.5 increased to
6 97.32 unacceptable
(3%); levels after 6
month.
EXAMPLES OF THE INVENTION
No dramatic
Example 1 100.3 99.02 97.55 0.009 0.026 | 0.097 (6%); ND ND 0.023 (6*); | increase in the
1 (6%) 0.075 (3%) 0.0323*) | impurity at RRT
Example2 | NA 99.42 97.93 NA 0.046 | 0.511 (6% NA 0026 | 0.126(6%); | O observedand
(6%) 0.431 (3%); 0.114 (3%), | 7o assay remains
in limits upon
Example 3 97.16 98.34 97.03 NA 0.029 | 0.372(6%); NA 0.009 0.086 (6*); autoclaving and
(6%) 0.20 (3%) 0.054 (3%) upon storage
Example 4 NA 96.75 98.35 NA 0.091 0.562 (6*); NA ND 0.176 (6*);
(6*) 0.269 (3%) 0.062 (3%)

ND-Not Detected; NA- Not Analyzed; RRT-relative retention time; (*) represents number of months

Conclusion: The solutions of comparative examples 1, 2, 3 and 4 that are devoid of ethylene

diamine tetra acetic acid or its salt like disodium EDTA, are unstable upon storage such that

the content of Impurity at relative retention time 0.5 increased to unacceptable levels (>0.2

%) upon storage at accelerated testing condition of 40°C/25% relative humidity. It is
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important to note that there was an undesirable drop in assay of fentanyl observed upon
storage in case of comparative example 4 in which the rubber stopped was coated. This
indicates that there are factors other than rubber stopper that also impact the stability of the
fentanyl, when subjected to autoclaving. Further, a substantial rise in content of total

impurities was observed upon storage.

In contrast, the solution of working examples 1 to 4 according to the present invention, were
found to be stable upon autoclaving and upon storage, such that the content of Impurity at
relative retention time of 0.5 minutes was not more than 0.2 % by weight upon storage at
accelerated testing condition of 40°C/25% relative humidity for six months. Also, there was
no substantial drop in assay of fentanyl and no substantial increase in the content of total
impurities observed upon storage. Further, the solution remains clear without any sign of
precipitation or crystal formation upon storage at 40°C/25% relative humidity for 6 months.
The stability at accelerated testing condition of 40°C/25% relative humidity for six months

corresponded to room temperature stability for shelf life period of 24 months.
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CLAIMS:

1. An injection device having a reservoir made up of plastic or polymeric material having a
rubber stopper, filled with an aqueous solution comprising therapeutically effective amount
of fentanyl or pharmaceutically acceptable salt thereof as a sole active agent and
ethylenediamine tetraacetic acid or its salt, the aqueous solution having a pH in the range of
4.0 to 5.0 and an impurity at relative retention time of 0.5 minutes is not more than 0.2 % by
weight; wherein the aqueous solution is in contact with the rubber stopper; wherein the
injection device is sterilized by autoclaving and the aqueous solution is stable upon storage at

room temperature.

2. The injection device as claimed in claim 1, wherein pharmaceutically acceptable salt of
fentanyl is fentanyl citrate and it is present in an amount equivalent to about 0.001 mg/ml to

0.10 mg/ml of fentanyl base.

3. The injection device as claimed in claim 2, wherein fentanyl citrate is present in an amount

equivalent to about 0.005 mg/ml to 0.05 mg/ml of fentanyl base.

4. The injection device as claimed in claim 1, wherein salt of ethylenediamine tetraacetic acid

is a disodium salt.

5. The injection device as claimed in claim 4, wherein disodium salt of ethylenediamine
tetraacetic acid is present in the aqueous solution in an amount ranging from about 0.4 mg/ml

to about 2.0 mg/ml.

6. The injection device as claimed in claim 1, wherein the volume of solution contained in the

reservoir of the injection device ranges from 10 ml to 100 ml.

7. The injection device as claimed in claim 1, wherein the aqueous solution further comprises

a buffering agent selected from citric acid, sodium citrate or combination thereof.

8. The injection device as claimed in claim 7, wherein citric acid is present in an amount

ranging from about 0.01 mg/ml to 1.0 mg/ml.

9. The injection device as claimed in claim 1, wherein the aqueous solution is free of a

surfactant, non-aqueous alcoholic solvent, mucoadhesive agent, preservative and antioxidant.
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10. The injection device as claimed in claim 1, wherein the injection device is a pre-filled

syringe.
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