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system of a topical anesthetic formulation tor improving the stability of such
anesthetic compositions. Topical anesthetics formulations have long been
used for providing analgesia prior to any invasive medical procedure. Their
use is essential for performing diagnostic, therapeutic, and cosmetic derma-
tology procedures. Topical anesthetics can be formulated in variety of
dosage forms and mixtures such as solutions, creams, ointments, gels, and
even patches and peels.
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MULTI-CHAMBER ANESTHETIC DELIVERY SYSTEM

This application claims prionify of U.S. provisional application Ser. No. 61/780.923 filed

om March 15, 2013,

FIELD OF THE INVENTION

[0001] The present invention relates fo a delivery of a topical anesthetic formulation
to a subject in need thereof by emploving a mudti-chamber delivery system. The present
invention also describes a method of improving the stability of such anesthetic formulations that

are traditionally known to be susceptible to degradation.

BACKGROUND OF THE INVENTION

[0062] Topical anesthetics formmulations have long been used for providing analgesia
prior to any mvasive medical procedure. Thewr use 1s essential for perfonmmyg diagnostic,
therapeutic, and cosmetic dermatology procedures. Topical anesthetics can be formulated n
variety of dosage forms and muxtures such as solutions, creams, ointments, gels, and even
patchies and peels. They can be applied to certain areas of the body including skin, nose, mouth
to cause loss of feeling or mumbness to allow medical practioners to perform their procedure.
Another area of use of anesthetic formulations is in pain control. Pain relief is especially
important among both pediatrics and periatrics patients, where even minimal pain may resulf in

an anxious and uncooperative patient.

[6063] Among topical anesthetics, cocame has been the golden standard. Cocaine is a
weakly alkaline compound and can be combined with acidic compounds to form various salts.
The hydrochloride (HCI) salt of cocaine 1s by far the most commonly used m the art. Different
salts dissolve o a greater or lesser extent in various solvents. The hydrochloride salt 1s polar and
quife soluble m water. For medicinal use, cocaine is typically available i powder and solutions
of various concentrations. The powder can be applied via mosstened cotton swabs generally for
nasal or oral mumbness. The premade topical sohitions are available 1n strengths ranging from 2-
10%, with the 4% solution being the most common. Epinephrine may be added to a cocaine
solution to it systenuc absorption while promoting vasoconstriction and enhanced local

availability of the dmg. To use cocaine 1n the nasal cavity, cofton applicators mayv be soaked m
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the cocaine solution and then applied to the area of interest and then removed via suitable forceps.
The cocaine agueots solution is recommended fo be stored at room temperature between 68-77°
F (20-25° ) away from light and moture. Such solutions should not be frozen as i nway umpact
the stabihity and efficacy of the product. Once the vial of an anesthetic sohution is opened, many
events can lead fo product’s waste. Such events inchude bacterial confamination; solvent

evaporation, change in drag concentration and eveninal drg degradation.

[0004] Aside from cardiovascular side effects, cocare is assoctated with
psychological dependence, which may lead fo cocaine abuse and increased chance of sertous side
effects. Due to the cost, the side effect profile, the potential abuse and the linuted shelf Life
stability, cocaine’s use as a topical anesthetic has been falling out of favor among practionets.
Accordmgly, other combmations of anesthetic have been recerving some attention. Tetracaine,
epinepbrine, and cocaine (TAC) solution s a dermal anesthetic that is used for wounds, such as
lacerations and abrasions, to provide anesthetic effect prior to wound repatr. The original
formulation of TAC solution consisted of tetracaine 0.3%, 0.05% epinephrime 1:2000, and 11.8%
cocaine in nornial solution. At this concentration, each ml. of TAC solution contains 3 mg

tetracaine, 0.5 me epmephrine, and 118 mg cocaine.

[6085] Another common use of topical anesthetics 1s in dental applications. These
producis are frequently applied to the gum pricoy to the injection of any anesthetic. Transdermal
anesthetics are also useful for numbing an area prior to vempunciure | such as blood drawing.
Lidocaine and prilocaine are another type of anesthetic. They are both amide-tvpe local
anesthetic agents. Amides, are favorable as anesthetic agents, compared to esters, which are

more sensitizing and can produce redness, swelling, nritation, tching, and other reactions.

[3006] Regardless of the type of the anesthetic compound, a freguent 1ssue facing thew
mamufacturers and medical practioners 1s how they can mnprove their shelf-hife, becaunse their
availability 15 impacted by thew relabively short shelf-life. Therefore, advance orders for
manufacturmg of anesthetic solutions coupled with subsequent storage of such products
frequently leads to large amoumnt of product waste. Accordingly, there is a need to facilitate a

product that reduces abuse, wlile preserving stability of the product.
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SUMMARY OF THE INVENTION

[0007] The present invention addresses the need i the art. Broadly, at least one aspect of
the present mvention 1s directed to a mulli-chamber delivery svstem for delivery of topical
anesthetic formulations. In the preferred embodiments, the present mvention is a two-chamber
delivery system for improving the shelf life bevond the shelf-life of counterpart topical

ahesthetic formulations available mn the st

[G008] In atf least one aspect of the mvention, the topical anesthetic properties can be
provided by a single anesthetic componnd. In certain embodiments, the anesthetic properties are
provided by a combination of anesthetic compounds present in the formulations. In at least one
embediment, the topical anesthetic formulation contams a secondary mgredient such as a
vaseconstrictor, an anti-bacterial compound, a corticosteroid, or a non-steroidal anti
mflanunatory. In a preferred embodiment the apesthetic componnd can be any one of tetracame,
lidocamne, benzocame, dyclomne, pramoxine, dibucaine, butacaine, cocaing, mepivicaine,
buptvicame, levobuptvicaine, ropivicaine, etidocaine, prolicaine, articaine, procaine,
chloroprocame, salis or other switable pharmaceuntically acceptable forms thereof including free

acid or base, alone or in combmation with each other.

[0009] In at least another aspect of the present invention, the first chamber of the
described delivery system and the second chamber are connected through a narrow constricted
neck. In vet another aspect of the mvention, the neck 1s sealed by a septum plug. In one
embodiment, one of the chambers contains an actuating stopper that seals the inside environment
from the ontside, effectively ehmmatmg the access to the mternal environment of the system. In
vet another embodiment, the stopper may be of material that can act as an applicator. In yet
another embodiment, the stopper can be actuated by downwards force betng exerted thereon. In
yet another embodiment, the septum plag can be displaced by actuating the stopper and applving
pressure downwards on the stopper. In at least one embodiment, one of said chambesrs 15 of glass
material. In another embodument, the chambers may mclude a tamper resistant means for
example, a protective member to be removed or at least transferred into a release configuration,

thereby giving way to the actuating stopper.

[6010] In one embodiment, the removal or displacement of the protective member 15

only possible afier a breakable seal 1s split open or destroved. Thus, by coupling the protective
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mentber and the housing by means of a breakable seal, any tampering of the system can be

detected.

0011} In at least apother aspect of the mvention, the first chamber contams a planger
that 13 m directly contact with the septumn plug located m the connecting neck. In one
embodunent of the present invention pressing down on the plunger will displace the septum plug
allowing free flow of the solvent through the connecting neck. In another embodiment, the top
portion of the plunger 1s encircled by the stopper and the stopper can also act as an apphcator. In
vet another embodumnent, the plunger is placed inside a cylindrical barrel that extends from the

top of the first chamber to the septum plug.

[0012] In at least another aspect of the present invention, the first chamber and the
second chamber can be separated. In such embodinient, the first chamber miay be the upper
chamber and carries the diluent, while the second chamber 15 the lower chamber contaming the
anesthetic ingredient. The chambers are sealed separately, yet can be connected to each other
after removal of thetr respective seals, via a lock-and-seal mechanism. In fhis aspect of the
mvention, the lock and seal mechanism 1s designed to fit m the form of a narrowmng neck
between the chambers. In this aspect of the ivention, the second chamber 15 connected through
a turn and twist mechanism through a narrowing or a constricted neck forming the connection
between the chambers. In vet another aspect of the mvention, the neck is sealed by a septum that
is placed at the bottom of the upper chamber. In another embodiment, an applicaior can

separately be placed on the lower chamber after the reconstitution of the formmlation.

[6013] In at least one aspect of the invention, the lock-and-seal mechantsm 1s the
samne as the fun and twist mechanism and 1s 1 the form of internal threaded system providing a
maating engagerment with threaded portiens of the upper and lower chambers. Accordmgly, the
threaded system facilitates the coupling of the upper and the lower chambers. In a preferred
embodiment, the upper chamber 1s rotated m a clockwise direction and the rotation bringing the
chambers together and causes the sealing of the chambers from outside environment through
their respective threads. In this aspect of the mvention, the lower anesthetic containing chamber

contains an applicator to be used for dabbing to the region of interest.

[6014] In accordance to another aspect of the mvention, the lower chamber further

contains a cap asseinbly to separately seal and cover the threaded region. The threaded region
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may farther be adopted fo carry an applicator located within a locking assembly. Such apphcator
will be sealed ni a manger to stay stetile by a protective member or a tamper resistant means.
The lower chamber can then be used as a reservoir to store the final solution and appheation of
ihe anesthetic formulation. The applicator may further be capped to avoid contamination after

use.

[B015] In another embodiment the anesthetic topical anesthetic formulation prepared
by the two-chamber system 1s a cocaine solution. In such aspect of the mvention, the two
chamber svstem provides for a topical cocaine delivery system that contains a suttable solvent in
one chantber and cocaine powder m another. In at least one embodiment of the present mvention,
the chamber is made of darker glass material to protect the anesthetic powder andfor the final
solution from exposure to the sun light and potential degradation. At least one advantage of such
slass material 1s that the cocaine powder can not be extracted from the chambers or s an abuse
resistant formulation and therefore, the present delivery svstem offers less opporfunity for

umproper appropriation of the cocaine powder.

[6016] The abuse resistant feature of this invention may be provided by mcorporating
surfactants, additives or stabilizers nito the apesthetic mixture. In at least one embodiment, a
stutable surfactant for example may be nuxed with the anesthetic by the way of nulling, blending,
spray drving, coenmilsifving, or melting of an additive, a surfactant, or a stabilizer with the
anesthetic compound. In a more preferred embodiment, the addittve, the smiactant, or the
stabilizer may be adsorbed on the surface of the anesthetic particles, so that separating the

anesthetic compound from such ingredients would not be readily achievable.

[0017] In another embodiment, the anesthetic compound is made more lipophilic by
elinunation reduction of the overall charge of the anesthetic compound. For example, a water
soluble salt may be converted o a free base or free acid. In another embodiment, fatty acids or
atcohols may be used to convert the water-soluble compound to a lipophilic construct. In yet
another embodiment, the anesthetic compound may be coated with a water insoluble polvmer
which when exposed to the solvent can be removed by a separation mechanism such as a filter.
[0018] According to one aspect of the present invention, the delivery system is a two-
chamber vial. In at feast this aspect of the vention, an anesthetic ligmd fornndation 1s prepared

in at least one of the chambers just prior to use. In another aspect of the invention, at least one of
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the chambers contams a plurality of anesthetic compounds 1 powder, crystal, particulate or
nanocrystal forms and the other chamibers contains a suitable solvent for dissolving such

anesthetic compounds.

[6019] According to another aspect of the present mvention, the delivery system is
designed to stalulize the one or more anesthetic compound(s} priotr fo the fopical application for
atleast 1,2, 3,4, 5, 6, 7, or 8 vears, wherein lass than 1096 of the anesthetic compound is
degraded during such period of time at temperature up to 4¢° C. In another embodiment the
delivery system contains at least one anesthetic compound such as tetracame, lidocaine,
benzocaine, dyclonine, pramoxine, dibucaine, butacaine, cocaine, mepivicaine, bupivicaine,
levobupivicame, ropivicame, etidocaine, prolicaine, articamne, procaine, chloroprocaimne, salts or
other suttable pharmaceutically acceptable forms thereof including free acid or base, alone or i
combination with each other. That stays stable for af least 5, 4, 3, 2, or 1 vear(s), wheremn less
than 10%% of such compounds are degraded during such period of time at temperatures up to
40°C. According to another aspect of the present invention, the system is designed to keep the
anesthetic fornwilation stable for at least 2, 3, 4, or 5 vears at room temperature under
atmospheric pressure. In another embodiment the shelf hife stability of the delivery system 15 3
years.

{0026 In another aspect of the present invention, the two-vial chamber delivery
systen contains no trace of bicarbonate. According to this aspect of the mvention, the fust
chamber contains a pharmaceutically acceptable biocarbonate free incompressible hiquid solvent;
and the second chamiber comprising a sterile solid particulate form of an anesthetic compound or
a pharmaceutically acceptable salt thereof! a sealed septum separating the first and second
chamber comprising material that 1s unpermeable to said solvent, and an actuating stopper
sealing the first or second chamber from the outside environment, wherein upon pressing said
stopper, said incompressible ligmd solvent is pressurized and drives said sealed septum
downward, releasing the liguid solvent into the other chamber to form a mixture of hquid solvent
and the anesthetic compound.

[6021] According to vet another aspect of the present mvention, the system for
releasmg/delivering one or more active requires application of external force to the actuaiing

stopper seal.
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[6022] In vet another embodiment of the present invention, at least one of the
anesthetic compounds in powder form s cocaine. In another embodiment, cocaine 15 the sole
anesthetic compound present i the dehivery system, the composition is free of any fraces of

bicarbonate. In another embodiment, the compoesition may contain bicarbonate.

(8023 In apnother aspect of the mnvention, the stopper material is of debydrated water
absorbable polviners or copolymers that would be converted to a ready to use applicator once
hvdrated with the solvent or mixture thereof. In one embodiment, the stopper miaterial can also
act as an applicator. In another embodiment, the applicator coniains a soivent absorbable
polvmers and can be any one or contbinations of sodium alginate, sodmm carboxvmethyl
cellulose, sodium pectinate, sodium carboxymethyl chitosan, sodium polyacrylate, naturally
pcomring gums and svathetic polvimers containmg carboxvlhic acid, acrvlic acid-methacrylic acid
copolvmers andfor dehydrated hydrogel, cross-linked macro-molecular network, fibers, nylons,

rubber, cotton, and ravon, and mixtures thereof.

[0024] in another aspect of the invention, the stopper 1s an actuaiing stopper with a
protruding means from at least one of the chambers, wherein said actuating means 1s a means for
applyving external pressure that is fransferred via the liquid solvent in the first chamber to the
sealed septum plag, and wherein said pressure disengages the plug from the constriction, thereby
pushing the plag waio the lower chamber to bring the solvent into contact with the solid

particulates m the second chamber.

[0025] In another aspect of the mvention, the product produced in the two-chamber
delivery system is used for treating a skin, haiwr, ear, nwcosal membrane, rectal, nasal or dental
condition i a subject it need thereof the method comprising topically applving onto a skin, hair,
ear, mucosal membrane, rectunt, nose or tooth. Therefore another aspect of the present mvention
is directed to the use of the composition made by the two-chammbered delivery system and
topically debivering the composition. In yet another embodiment the delivery system contams an

applicator.

[6026] According to still further features in the described preferred embodiments the
final form of the compesition is selected from the group consisting of an aqueocus solution,
emmulston, an oil, a gel, a lotion, a suspension, a powder, an aerosol, a spray, and a foam. In on

certam embodument the present mvention there is provided a method of delivering a topical
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anesthetic n the form of a solution, oil, lobion, suspension, acrosel, spray or foam made by the
process forusing the rwo-chamber delivery system. Another emibodiment of the mvention is
directed to method of stabilizing an agueous anesthetic composition using the presently
described two-chambered delivery system.

[8027] In a preferred embodinment, the present mvention is directed 1o a topical,
transdeninal anesthetic preparation comprising at least one oft abowt 1-15% cocaine, 1- 15%
lidocame; abowt 1-3%, prilocamne; about 8.1-1.0% dibucaine; with or without about 0.1-2.0% as

effective for local vasoconsiriction, of a svmpathoninmetic anune, preferably phenviephrine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 1s an enlargad side view of a two-chamber muxing delivery systemn that

1s an llustrative embodiment of the wnvention.

[6029] FIG. 2 1s a side view of an alternative two-chamber delivery svstem.
[0030] FIG. 3 1s a side view of another embodiment of the two-chamber delivery
system.

DETAITED DESCRIPTION OF THE INVENTION

[6031] Two-chamber nuxing vials have beea described m the art. At least one such
vial 1s disclosed in U.S. Pat. No. 4,258,845 to Potis, incorporated herein by reference. The vials
presented herein however are new for anesthetic formulations and are designed to increase shelf-

life of such products bevond their cornmercially available counterparts.

[6032] At least one aspect of the present invention is directed to nwlti-chamber
contamer containing separate chamber with dry anesthetic powder and af least another chamber
containing a solvent. According fo this aspect of the invention, additional chambers may be
present to store a thud mgredient or mamtain additional space for mixing or withdrawal of the
final mixture. According to this assembly, the desired material and measured quantities are

placed m separate chambers.

[0033] Another aspect of the present invention is.directed to a two-chamber delivery
system for delivery of topical anesthelic formulations. One such embodumnent of the present
wmvention Is illustrative as two-chamber system 100, depicted here m Figure 1. In a more

preferred embodiment, the system is a vial of anv suitable material such as glass, plastic, nyvlon,
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abuvnum, but preferably glass and contams two mtertor chambers; a lower chamber 110 and an
upper chamber 120 which are separated by a constriction 130. The constniction 130 is
substantially antiglt and watertight by a sealed septum plug 140. The septum can be made of
any suable material, s preferably of rubber to maintain an awtight seal. The upper chamber

126 corresponds fo the “first chamber® and the lower chamber 118 to the "second chamber "

[8034] In at least one embodiment, the upper chamber 120 centains solvent 121, In
another embodiment 200, the upper chamber 220 contains anesthetic compounds 221 i powder,
crvstal powder, microparticle, or nanoparticie forms and the rest of the headspace is filled with
an mert gas that does not mnteract with the to avoid degradation of the anesthetic compounds, see
Figure 2. In one entbodiment, the anesthetic properties are provided by a combination of
anesthetic compounnds present i the resulimg formulations. In at least another embodiment, the
topical anesthetic fornmiation contains a secondary mgredient such as a vasoconstrictor, an anti-
bactertal compound, 2 corticosteroid, and a non-steroidal anti inflammatory, which can be m

powder, microparticle, or nanoparticles residing in the first chamber.

[6035] In a preferred embodiment the anesthetic componnd can be any one of
tetracaine, hidocaine, benzocame, dvclonine, pramoxine, dibucaine, butacaine, cocaine,
mepivicame, bupivicaine, levobupivicaine, ropivicame, etidocame, prolicaine, articaine, procaime,
chioroprocaine, salts or other suitable pharmaceutically acceptable forms thereof including free
acid or base, alone or m combination with each other. In a more preferred embodiment the
anesthetic is tetracaimne, benzocaine, cocame, bupivacaine, ropivicaimne salts or other surtable
pharmaceutically acceptable forms thereof. In another aspect of the present invention, anesthetic

formmiations are described that are produced by the mstant process.

[3036] The septum plag 140 m Figare | and 240 m Figure 2 corresponds to the
sealing component placed within respectively the constrictions 130 and 230 separating the two
chambers. The septum plug elimmnates the availability of the content of the chambers fo each
other. In one embodiment, the septum plug prevents access to the anesthetic powder of the lower
chamber until such septiun is forcefully displaced or removed from the constriction 130. The
septum plug forms an interchamber seal preventing moisture from traveling uste the lower
chamber madvertently causing clunping of the anesthetic powder. Inn at least another

embodunent, the upper chamber contains an actuating means 124 or 224, The actuating means 18
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the component that would allow apphication of hydranbic pressure to the system and eventual

displacement of the sephum plug.

{0037 In af least one embodnnent m Figure 1, the actuating means contains the
securng porfion 125 and the stopper 126 and the protective member structure 127 located on top
of the stopper. In at least another embodiment the actuating means 15 located on top of the upper
chamber 120, Inn at least one embodiment, the user is able to press the actuating means and exert
such pressure that 1s transmittable by the mnert gas and the solvent withun the upper chamber
towards the neck of the vial and directly transferring the pressure {o the septum plug 140 to
dislodge the plug from the neck constriction 130 of the vial, pushing the plug mto the lower
chamber 110, thereby bringing the solvent of the upper chainber 121 into contact with the

anesthetic powder 111 of the lower chamber.

[0038] In at least another embodiment the stopper is of solvent resistant rubber
material. In yet ancther embodiment the stopper is of solvent permeable material which can be
hydrated with the fornmlated mixture of selvent and the anesthetic compound(s) and then act as
a topical applicator upon removal of the protective member 127, The applicator may then be

separately capped or sealed to limit exposure to external contaminants.

[0039] In at least one embodiment, the actuating means contain the securing portion
125 on top of the upper chamber seahing the top chamber from the outside environment. In this
embodunent, the securing portion s m the form of an assemnbly that covers the ledge, 1im and the
inmmediate region to facilitate proper sealing and further allow the stopper to move internally
upeon downward force. In a more preferred embodiment, the securing portion assembly is of a
somewhat rigid material, typically a rigid plastic such as polvethylene, polvpropvlene, polvvinyl

or acrvlic material.

[6040] In vet another embodiment llustrated m Figure 2, the actuating means
contains the securing portion 225 and the stopper 226 and the closure profective member
structire 227 located on top of the stopper. In at feast this embodiment the actuating means 18
located on top of the upper chamber 220 which can be pressed down to actuate and exert
pressure that is transmittable by the inert zas within the upper chamber fowards the neck of the
vial and directly transferring the pressure to the septum plug 240 to dislodge the phug from the

neck constriction 230 of the vial, pushing the plug mto the lower chamber 210, thereby bringing

10
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the solvent of the lower chamber 221 from mto contact with the anesthefic powder 211 of the

upper chamber.

[0041] In at least one embodiment, the upper chamber of the present delivery systems
have aneck 123, 223, 323 which 1x the mnmediate region below the rim of the end of the upper
chantber, and an access or the opening to the cutside environment 122, 222, 322, The neck 123,
223, 323 in the illustrated embodiment is of substantially the same interior diameter as the upper
chaniber 128, 220, 320 but optionally the neck 123, 223, 323 can be of reduced diameter or be
merged with the stopper assernbly. The neck 123, 223, 323 may further have an outward
projecting and or can be in touch with a plunger like assembly that can move freely within the
neck region. In another embodiment, the neck may contain a lock-and-seal, or a twist-and-twmn

mechanisim to facilitate separation of chambers from each other.

[0042] In at least another embodument the upper chaniber 120 is substantially filled
with a liquid solvent for dissolving the anesthetic powder. In a more preferred embodiment, the
solvernt 18 bicarbonate free. In another embodiment, the upper chamber contains the anesthetic

powder 221 and the liguid solvent is m the lower chamber 211,

[0043] In at least one embodiment, the neck 123 or 223 15 provided with a securing
portion i any structure or suitable design. In the illusirated embodimentis the plug septumn 140,
240, 340 1s fabricated from flexible material such as elastomer that 1s mapervious to agueous
solvents, such as water and/or gaseous substances such as air, nitrogen, or other nert gases such
as heliom, argon, xenon, radon, or radon or any combinations thereof. At least one example of
such material 1s butyl rubber. The septum phag 140, 240, 340 has a sealing portion 141, 241, 341
seated within the constriction 130 or 230 between the two chambers. To improve the seal formed
between the sealing portions 141, 241 of the septum plug and the consiriction neck 146 or 240,
there may be one to a plurality of spaced annudar ridges, bulges or profrusions that can be fit

within the structural design of the constriction.

[6044] In at least one embodiment, when the external force is applied downwards and
uternally to the actuating means and via the stopper 126 the generated pressure is transferred to
the Hguid solvent in the upper chamber {20 and subsequently transferred to the septum plug to
be dislodged. In another embodiment, the external force 1 applhied to the actuating means which

subsequently mereases the internal pressure of the upper chamber, thereby dislodging the septum
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plug. In another embodiment, the actuating means is connected to piercing column that can

pierce through the septiun phage and create a hole, which npon retraction of the actuating means
can allow free flow of the solvent through each of the chambers. In yvet another embodinwent, the
actusting means is in the form of the plunger 330 that is n divect comtact with the septum plug
350 and capable of dislodging the septinm plug when direct forced is apphied. In this embodiment,
the phmger 15 placed mside a evlindrical barrel that extends from the top of the first chamber to

the septum plug.

[3045] in a preferred embodiment, the upper opening of the upper chamber s sealed
by protective means. Such structure contains the cap assembly 127, 227 the actuating stopper
126, 226 and the securing portion 123, 223, The securing portion 125, 223 surrounds the rim 129,
229 and the upper chamber neck or immediate proxumate region of the same. The upper the

ledge or the riny may contan an mternal or external component that eovers the upper chamber
opening which has a diameter smaller than the upper open end, such that the pressing the
actuating stopper inward would resulf in retaiming of the stopper at the rim or in the upper

chamber’s neck

[0046] The cap assembly 127, 227 may have an mternal lock structure that acts with
the stopper to prevent the stopper from bemg displaced downward relative to the muddie of the
upper chamber 120, 220. In at least one embodiment, the stopper 1s niade of such material that
can be rigid enough fo withstand the external pressure and transfer the pressure mside. In another
embodiment the stopper is capable of being hvdrated with the solvent or the resuliimg anesthetic

liguid mixture so that the stopper itself can act as a topical applicator.

[0047] A tvpical lock structure may contain a lock ring projecting inward from the
lower end of the upper chamber to bold the stopper at the upper end of the upper chamber, a
securig portion that extends ountwardly to nm and the nnmediate upper region of the upper
chamber, and a cap on top of the stopper to withstand external inward pressure, while prevent the

stopper from moving to the nuddle of the upper chamber.

[0048] In at least another aspect of the present invention, the first chamber and the
second chamber can be separated. In such embodiument, the first chamber 120 miay be the upper
chamber that carries the solvent or the diluent, while the second chamber 119 is the lower

chamber contaiming the anesthetic ingredient. The chambers are sealed separately, vet can be
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connected to each other after removal of thetr respective seals, via a lock-and-seal mechamsm. In
this aspect of the mvention, the lock and seal mechanisin is designed to fit i the aarrowing neck
between the chambers. In this aspect of the invention, the first and second chambers are
connected through a screw on mechamism through the nairow or the constricted neck between
the chambers wherein the entire system will be locked and sealed from the outside environment.
In vet another aspect of the mvention, the neck 15 sealed by a septum that 15 placed at the bottom
of the upper chamber. In an alternate embodiment, the applicator can separately be placed on the
lower chamber after the reconstitution of the formmulation. In another embodinent, the applicator

may be sealed or covered by a cap to linut exposure to external contaminants.

[0049] In at least one aspect of the invention, the lock-and-seal mechanisin is in the
form of a twist and turn assembly. In vet another embodiment, the lock-and-seal mechanism s
an infernal threaded system providing a mating engagement with threads portions of the upper
and lower chambers. Accordingly, the threaded svstem factlifates the couphing of the upper and
the lower chambers. In one embodunent, the upper chamber is rotated m a clockwise direction
and the rotation bringing the chambers together and causes the mating of the chambers through
respective threads thereby facilitating the locking between the upper and the lower chambers.
Accordmngly, upon muxing the anesthetic compound and the solvent, the chambers are unscrewed
and separated and the lower chamber containing the mixture is sealed with an applicator
comnponent that can be threaded info the lower chamber’s threadmg svstem. Subsequently, the
mixture may be applied to the region of mterest via the applicator by dabbing the applicator to
the region of interest. The applicator may further be sealed or capped to linut its exposure to

external contaminants.

[6050] In accordance to another aspect of the mvention, the lower chamber further
contains a cap asseimbly to separately seal and cover the threaded system, wherein a lock latches
and enable the lower chamber with an applicator located within the locking assembly would stay
stertle. The lower chamber can then be used for direct dissolution and application of the
anesthetic formulation. In this aspect of the invention, the lower chamber contains the anesthetic
compound and the upper chamber contains the solvent and the actuating assembly. Accordmgly,
once the two-chamber system is assembled the actuating means of the upper chamber may be
pressed down o dislodge the stopper positioned within the narrowing of the lower chamber. In

one embodiment, the headspace in each chamber is filled with gaseous substances such as air,
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nifrogen. or other mert gases such as helwum, argon, xenon, radon, or radon or any combinations

thereof to keep the internal pressure constant for proper transfer of pressure.

[0051] In an alfernafive embodiment, the boftom threaded region of the upper
chamber mayv be sealed by a cover and the upper threaded region of the lower chamber may be
seated by a removable cover. Accordingly prior to use, the sealed of each respective chambers
are rerpoved and the chambers are connected through thew respective threaded assembly. The
movement of the mpgredients from one chamber to another can then be facilitated by pressing
down the actuating means or via a prercing mechanisn: that allows connection of the upper o
lower chamber. The piercing mechanism can be a protruding element or an mside hollow port
within the one of the chambers threaded region that upon mating with the treaded region of the
other chamber pierces through a seal or stopper, facilitating movement of solvent from upper

chamber to the lower chamber.

[00352] in at least another embodiment, the two-systern chamber assembly contains a
first glass or plastic reservoir having a protective member covering at both ends, wherein at least
one end confains an actuating means and the other end contams a cap sealed threaded region. In
such embodiment, the at least second chamber has a threaded region that can mate with the
threaded region of the first chamber facilitating a connection between the first and second

chambers and transfer of material between the chambers.

[0033] In at least another embodnnent the tlreaded sides of the chambers are
protected by a tear-off fype portion which can be removed from the respective chamber by
pulling on a fear tab prior to the connecting of the first and the second chambers. In this
embodiment, at least one of the upper or lower chambers contains external threads which are
provided on glass or plastic reservow and are exposad. The other chammber contains threaded
ridges that can mate with the external threaded region of the upper or lower chamber sealing and

locking the system vet allowing free transport of diluent from one chamber to the other.

[0034] The nuxing of the solvent with the active anesthetic particles is facilitated by
the locking of the two sets of mternal threads from the respective chambers. The threads of each
respective chamber are adapted to mate with external threads of the other chamber enabling
mtercormection of the chambers and the making the two-chamber delivery system. In at least one

entbodiment, the threaded svstem is located m the narrow neck of the delivery system.
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[OOS5] In vel another embodiment, once the anesthetic nuxture i1s prepared the

chambers can be separated from each other. In such embodiment, a sterile applicator component
prepared from suitable material and encased mto a threaded assembly can be screwed on the top
of the chaniber catryving the anesthetic mixture. The anesthetic solution can then be admunistered

by dabbing or wiping against the region of mterest.

[B056] In at least one emmbodimeant, to achuate the vial, the protective cap 127, 227
sittiirg on top of the stopper 1s pressed downward, for example with a thumb, thereby breaking
the sealed but fracturable connection that can exist between the stopper and the upper chamber
opening, moving the lower end face of the stopper 126, 226 inwards towards the center of the
upper chamber until the stopper locking structure is engages, preventing the stopper to go any

lower.

[0057] In at least one embodiment, once the stopper is pressed down words, an
internal hivdraulic pressure s created within in the upper chamber 120 which 1s respectively
transferred fo the septum plug. When the stopper 1s fully depressed, the created hydraulic
pressure is respectively transferred to the septum plug dislodging the plug from its oniginal
position, mto the middle of the bottom chamber allowing the solvent to reach the anesthetic
powder crystals. Furthermore, the exchanged headspace from both of the chambers would

provide sufficient space for shaking of the resulting nuxture for creating a homogenous nuxture.

[0038] In vet another embodient, the lower chamber contams the anesthetic powder
and the actnating means is a plunger 330, Figwre 3. In such embodiment the lower chamber may
have a thurd polymeric seal at the external end of the lower chamber that 1s capable of being
saturated with the resulting mixture and act as a topical applicator for the proper region of the
body. This polymeric seal can be a detachable component that can be separately assembled at the
top of the lower chamber.

[6059] In vet another embodiment, the actuating phinger 330 will be pressed against
the seal 350 to facilitate the movement of the solvent from the upper chamber to the lower
chamber.

[0060] In another embodiment, to actuate the delivery system, the phmger 330 is
pressed downward to directly dislodge the plug septum downward and facilitate flow of the

solvent into the chambers. In this embodiment, the headspace i each chanber 1s filled with
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sufficient amount of gaseouns substances such as awr, nitrogen, or other mert gases such as helvum,
argon. xenon, raden, or radon or any combuations thereof to allow proper transter of pressure
from one chamber to another. In vet another embodunent, the stepper 1s connected to piercing
columnns that pierces through the septin plug when the stopper 15 pressed downwards. In such
embodunent, the stopper may have a pull back mechanism to allow free flow of solvent into all

chamibers.

[0061] According to the present embodunent, the mixing of the selvent and the
anesthetic compound may differ from that known m the art at least by having an anesthetic
compound in either of the upper or lower chambers and an aqueous solution in a separate
chamber. Should the either of the chambers as presently contemplated functions as a reservoir
for aw or other gaseous medim such nitrogen, or other mert gases such as helium, argon, xenon,
radon, or radon or any combmnations thereof, it provides a headspace for effective agitation
following actuation of the vial. As such, by virtue of its lack of contact with the upper chamber
prior to actuation, the system mingmizes or prevents exposure of ingredients of the fornwlation to

an environment that would have otherwise promoted mstability and degradation.

[0062] In another embodiment, the small and inert headspace protects the formmulation
i the vial from oxzdative degradation. The small treatment 1s indicative of conditions m an
article of the present mvention, wherein the formulation substantially fills the chamber tn which
it is packaged, with very little headspace, optionally containing mert gases such as helmam, argon,
xenon, radon, or radon or any combinations thereof, and therefore the systeni as a whole 15

capable of ransferring anv apphied external force through to the septum plug.

[0063] In another aspect of the present invention a method of preparing anesthetic
solution comprising providing a two-chamber vial delivery system comprising (a} an upper
chamber comprising pharmaceutically acceptable meompressible hquid solvent, (b} a lower
chamber comprising a sterile dry anesthetic compound or a pharmaceutically acceptable salt
thereof, (¢) a seal separating the upper and lower chamber, and (d) a stopper sealing the upper
chamber from the outside environment, pressing the stopper sealing the upper chamber, releasing
the hiqud selvent into the lower chamber to form s mixture, shaking the nuxture to provide an

anesthetic solution. In at least one embodiment, the solvent is bicarbonate free. In vet another
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aspect of the mvention, anesthetic formmiations are described wherein such formulations are

miade by a process described herein above.

[0064] Accordmgly, i a particolar embodiment, an article of manufacture of the
present myvention comprises any ong of the anesthetic compound, an mert gas and a swtable
solvent to dissolve the anesthetic compound substantially by agitating and mixing the vial

content up and down. In a preferred embodunent the anesthetic 1s selected from any one of the
following compounds tetracaine, lidocaine, benzocaine, dvclonine, pramoxme, dibucame,
butacaine, cocaine, mepivicaine, buptvicaine, levobupivicaine, ropivicamne, efidocaine, prolicame,
articaine, procaine, chloroprocaine, salts or other suitable pharmaceutically acceptabie forms
thereof mncluding free acid or base, alone or in combination with each other. In a more preferred
embodiment the anesthetic 1s tetracaine, benzocaine, cocaine, bupivacaine, ropivicaime salts or

other suitable pharmacentically acceptable forms thereof.

[0065] in another embodiment, solvent is any one of water, saline, 5% dextrose
solution, any C;-Cs alcohol or any mixtures thereof. In vet another embodiment, the solvent 15
bacteriostatic and/or sterile.  In another embodiment, the stopper system of the closure assembly
in the upper chamber can act as a topical applicator once # is appropriately hydrated with the
resulting mixtwre. In another embodiment, the applicator may be located m the lower chamber
and capped with a secondary cap structure. In another embodiment, the secondary cap stincture

can contain a spaying means to deliver premeasured doses of the anesthetic.

[0066] In another embodiment, the formulation of the final product contamns one or
moore addifives such as a wetting and/or suspendmg agents in an amount effective to provide
controlied flecculation of the dig, at least one of the wetting and/or suspending agents being
susceptible to oxidative degradation; and, 1 a lower chamber thereof, only a gaseous medium,
for example air or nifrogen, helium, argon, xeneon, radon, or radon or any combinations thereof
[8067] In a preferred embodiment of the present invention, af least the anesthetic
compound of the present invention is cocaine as one of the anesthetic compounds. In another
embediment, cocaine Is the sole anesthetic compound present in the delivery system.

[0068] In another aspect of the mvention, the product produced 1n the two-vial
chamber 15 used for treating skin, batr, ear, eyes, mucosal membrane, rectal, nasal or dental

tissues i a subject in need thereof the method comprising topically applying onto a skin, har,
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ear, mucoesal membrane, rectum, nose or tooth. Therefore another aspect of the present ivention
1s directed to the methods of use of the composition made by for example. a two-chambered

delivery system directly o the site of interest in patients m need thereofl

[6069] In one embodiment, the stopper material 13 of dehydrated water absorbable
polvmers or copolvimers that would be converted to a ready to use applicator once hydrated wuh
the solvent or mixture thereof. In another embodiment, the stopper material can also act as an
applicator. In another embodiment, the applicator contains a solvent absoerbable polymers can be
any one or conmtbimations of sodinm alginate, sodium carboxvimethvi celhilose, sodmm pectinate,
sodmuim carboxymethvl chitosan, sodium polvacrvlate, naturally ocourring cums and synthetic
polvmers containing carboxylic acid, acrylic acid-methacrylic acid copolymers and/or
dehvdrated hydrogel, cross-hnked macro-molecular network, fibers, nvlons, rubber, cotton, and
ravon and mixtares thereof. In another embodunent, the stopper material absorbs the mixture,
contaming the anesthetics m sufficient amounts to provide effective numbness m the area of

iiterest.

[6070] In another embodument of the present mvention, the shelf life stability of the
dehivery system is af least 1 vear, 2 vears, 3 years, 4 vears, 5 vears but preferably up to at least 3
vears and more preferably up to 5 vears. In such assessment, the shelf-life stalulity 1s the degree
of degradation of the original topical anesthetic compounds. In another embediment, the stability
is defined as any value that 1s higher than 13% percent degradation of the anesthetic compound
during the storage period at temperature rangmg from 15 — 28 ° C, but preferably at room
temperature and atmospheric pressure. In a preferred embodiment, the comresponding anesthetic
content does not degrade by more than 5% by weight of the initial amount after storage at room
temperature for at least 5, 4, 3, 2, or 1 yvear{s}, i the most preferred embodinent, the degree of
degradation of the anesthetic 1s less than 1%

[6071] In one embodiment, the present invention, the system is designed to keep the
anesthetic formulation stable for af least 2, 3, 4, or 5 vears at room temperatare wnder
atmospheric pressure. In a most preferred embodiment, the content of the anesthetic compound
does not degrade by more than 1% for at least 3 years.

[6072] According to an additional aspect of the present mvention there 1s provided a

method of delivering a topical anesthetic made by the process for using the two-chamber
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delivery system as well as methods of stabihizing an agueous anesthetic composition using the

presently described two-chambered delivery svstem.

[0073] According to still further features m the described preforred embodunents the
final form of the composition 1s selected from the group consisting of an agueons soltion,

enmilsion, an oil, a gel, a lotion, a suspension, a powder, an agrosol, a spray, and a foam.

[0074] In a preferred embodiment, the present invention is directed to a fopical.
transdermal anesthetic preparation comprising (with all percentages being by weight) at least one
of: about 1-15% cocame, 1- 15% lidocaine; about 1-5%, prilocaine; about 0.1-1.0% dibucame;
with or without about 0.1-2.0% as effective for local vasoconstriction, of a sympathomimetic

amine, such as phenylephbrine.

[0075] It will be apparent to those of skill in the art that many modifications can be
made to the delivery svstem described immediately above without taking the final product
outside the scope of the present invention. For example, the actuating means ¢an comprise, i
place of a means for applying hvdraulic pressure to the comtents of the upper chamber, a
substantially rigid member that, when a downward force is applied to the cap assembly or a
portion thereof, transmuts the force directly to the septum or plug separating the upper and lower
chambers. Applicator can be positioned i a mannper to maximize infegrity of the svstem without
causing leakage or exposure of the product to the outside environment. Other two-chamber
devices that can be substituted inchude those described, for example, 1n the patents individually
listed below, each incorporated herein by reference. Other than the anesthefic compound can be

m a piggvback stmeture of Hexible polymerie structure.

[0076] To enhance the shelf-life stability, the drug particles are preferably very small,
for exanmple having a mean parficle size smaller than about 0.01 microns to about 500 microns. It
1s sometimes desirable that the drug be nncromized, 1.¢., reduced to an average particle size of
about 1 to about 50 microns. Optionally all or a portion of the drug can be in nanoparticulate
form, t.e., having an average particle size smaller than 1 nucroas.

[6077] In another embodinent, the product can contam at least one additive
mgredient to act as wetting agent, suspending agents, enmlsifier, surfactants, pH stabilizer,
buftfer. or other excipients i an amount effective to provide a product having a shelf life of at

least I vear, preferably atleast 2, 3, 4, 5, 6, 7 or 8 years.
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[O078] Example of such agents mclude without limifations polvethylene glyeols
{PEGs) with average molecular weight from about 100 to about 28,000, more typically about
200 to about 10,000, Suitable PEGs include PEG 2000, having an average mwolecular weight of
1300 to 2200, PEG 3000, having an average molecular weight of 2760 t0 3300, PEG 3350,
having an averaze molecular weight of 3000 to 3700, PEG 4000, having an average meolecular
weight of 3000 to 4800, and PEG 4600, having an average molecular werght of 4400 fo 4800.
Other agents finther include poloxamers {polvoxyethviene-polvoxyvpropvlene copolvmers),
iHustratively of grades listed i the United States Pharmacopeta such as poloxaners 124, 18§,

237, 338 and 407,

[0079] Emulsifiers or surfactants can include surfactants having a hydrophobic alkvl
or acvl group, typically of about 8 to about 18 carbon atoms, and a hyvdrophilic polvoxyethvlene
chain. Preferred such surfactants are nomonic strfactants, iflustratively meluding
polvoxvethviene alkyl ethers such as lawreth-9, laureth-23, ceteth-10, ceteth-20, oleth-14, pleth-
2Q, steareth-10, steareth-20 and steareth-100; polyoxyethviene castor oil, polvoxvethylene
hvdrogenated castor oil, polysorbates such as polysorbate 20, polysorbate 40, polysorbate 60,
polysorbate 65, polvsorbate 80, polysorbate 853 and polvsorbate 120; and polyoxyethylene alkyl
esters, for example polvoxyethvlene stearates. Polvsorbates, for example polysorbate 80, are
particnlarly preferred in such concentration as low as about 8.5 to about 10 mg/mi, typically

about 1 to about 3 mg/ml..

[6080] The formulation can further contain antioxidants such as tocopherols {vitamin
E), ascorbic acid {vitanun C} and salts and esters thereof, buivlated hydroxytoluene (BHT), thiol
dertvatives inchiding acetyloysteme, cysteme, cystine, dithioervthritol, dithiothreitol, glutathione,
methiomine and thioglycerol, especially L-methionme, fimaric acid and salts thereof,
hvpophosphorons acid, malic acid, and L-metlionine, typically in a total concentration of about
(.1 to about 50 mg'/mL. preferably about 0.2 to about 20 mg/ml., and more preferably about 6.5
to about 10 mg/mlL. Hlustratively, L-methionine can usefully be present at a concentration of

about 1 to about 3 mg/ml..

[0081] The fornmilation eptionally further comprises a chelating agent. Optionally,
the fornmdation can comprise, 1n addition to componerdts described hereinabove, excipients such

as those mentioned below. One or meore additional wetting and/or suspending agents, can
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optionally be present. Such agents melnde polyvinvipyrrobidone (PVP), for example PVP having

a molecular weight of about 2,000 to abowt 54,000, such as PVP K12, K17, K25 and K30, and

picoliniun chlotide), anionic swisciants (e g, sodivo lawryl sulfate), ete. One or more
thickening or viscosity adjusting agents can optionally be present, for example cethilosic
polymers {e.g.. methylcellulose, carboxymethyleellulose, hydroxyethyleellndose,

hydroxypropvimethyvicellulose), gelatin and gumns (e.g., acacia).

[3082] {Une or more preservatives can ophionally be present, for example phenol,
chiorobutanol, benzyvl alcohol, methyl paraben, propvi paraben, sodium benzoate, benzalkonium
chioride and cetvlpyridinium cldoride. One or more tonicity adjusting agents can be present, for
example sodium chloride, sodim sulfate, dextrose, mannstol and glvecerol One or more
buffering agents can optionally be present, for example buffers dertved from acetic, aconttic,
citric, ghitaric, lactic, malic, succinic, phosphoric and carbonic acids. Tvpically such a buffer 3
an alkali or alkaline earth metal salt of such an acid. Phosphate and citrate buffers such as
sodmim phosphate and sodium cifrate are preferred. In another embodiment, the buffering system
may comprise sodinm or potassium bicarbonate, chionde, acetate salts io alleviate pain atf the site

of wjection.

[0083] Preferably the final composition of the nvention has a pH of about 3 to about
7. 5. An advaniage of the invention is that pH of the composiiion can ofien be confrolled within a
narrower range. For example, m a cocame composition as described herem, pH can typically be
controlled within a range of about 3 pH to about 7.5 more preferably within a range of abouf 4
to about 7. In one embodiment, the composition comprise a blend of cocame, a buffer system,

and a bicarbonate salt.

[0084] In a preferred embodument the final formulation contains an anesthetic
compound m concentrations ranging from about 0.1% to about 25% weight. In another
entbodiment, such a concentration ranges from about 6.5% to about 15%. In a more preferred
embeodiment, such concentration is from 0.75% to 10 %. For example, at least one such
formulation 1s a 4% cocaine solution prepared ummediately prior to use and had af least a 3 year
shelf life before being reconstituted nxto the final solution. Selubility in water for many

pharmaceutically usefnl conpounds can be readily determined from standard pharmaceutical
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reference available m the avt. The most preferred embodiment of the present mvention is fo
providing stable foramtdations for compeounds that are very soluble in the mtended solvent system
emploved m the art. Cocame HCT 15 the prime candidate of such compounds. Typically the
cocae salt powder used in the delivery systemt is highly selubility in water, for example having

a sohubility of at least 10 mg/mL or more.

[B085] In one embodiment, the anesthetic is cocaine to be administered topically. In
this case, the cocaine 1s cocanie hydrochloride USP m erystalitne, granular or powder form

having a saline, slightlv bitter taste that nmnibs tongue and lip. In a more preferred embodiment
cocaine is present i concentrations of about 0.1 % to about 25% m the final mixture. In a more

preferred embodinient the concentration of the anesthetic 1s up to about 135 %e w the final puxture.
In a more preferred embodiment, the solution may contain cifric acid and sodmum benzoate. In a

more preferred embodiment, the external surface of unopened delivery systen may be stenlized

by ethylene oxide, but not steam autoclave.

[6086] In another embodinient, cocaine 1s present m a concentration of about 0.001 to
about 30 mg/mL, preferably about 0.01 to about 10 mig/mL. In the case of tetracaine, the
concentration of the active mgredient 1s between 0.1 to about 10 mg/mlL, preferably about 0.5 to
about 10 mg/mL. When both cocaine and tetracaine are present, the concentrations of the
mdividual drugs are typically as given above. In the case that epinephrine 13 added to the powder,
it can be in concentration of about 8.001 fo abont 2 mg/mL, preferably abont 0.1 to about 0.2

mg/mi.

[0087] In another embodiment. the present system 1s formed in a chamber having a
volume ranging from 0.5 mL to 30 ml. In one embodiument, the system offers a vohume of about

10 mlL dispensable as a solation delivered by in the form of a spray.

[B088] In yet another embodiment, the present svstein generates an anesthetic
formulation free of any preservative consisi essentially of a sterile anesthetic compound such as
the cocame, a stabilizer, and a solvent. In vet another embodunent, the system provides for a
formuiation that only consists of the anesthetic compound such as cocaine, an additive, a

stabilizer, and the suitable solvent.
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[6089] The present delivery system offers less opporfunity for improper appropriation
of the cocatne powder. In at least one embodiment of the present invention. the chamber 13 made
of darker glass material to protect the anesthetic powder and/or the final solution from exposure

to the su liglt and potential degradation.

8096 The abuse resistant feature of this invention miay be provided by meorporating
surfactants, additives or stabilizers into the anesthetic mixture. In at least one embodiment, a
suitable surfactant for example mav be mixed with the anesthetic by the way of milling, blending,
spray diving, coennusifving, or mielting a surfactant, an additive or a stabilizer with the

anesthetic compound. In a more preferred embodunent, the surfactant, additive or stabilizers can
be adsorbing on the surface of the anesthetic particles, so that separating the anesthetic

compound from such mgredients would not be readily achievable.

[0091] In another embodiment, the anesthetic compound is made more hipophihic by
ehimination reduction of the overall charge of the anesthetic compound. For example, a water
soluble salt may be converied to a free base or free acid. In another embodument, fatty acids or
alcohols may be used to convert the water-soluble cornpound to a lipophilic construct. In vet

another embodiment, the anesthetic compound may be coated with a water insoluble polvier.

[0092] According to one aspect of the present invention, the delivery system is a two-
chamber vial. In at least this aspect of the mvention, an anesthetic higuid formulation is prepared
i at least one of the chambers just prior to use. In another aspect of the mvention, at least one of
the chambers contamns a plurality of anesthetic componnds m powder, cryvstal, particulate or
nanocrystal forms and the other chambers contams a suitable solvent for dissolving such

anesthetic compounds.

[6093] In another embodiment, the chambers may melnde g farmper resistant means
for example, 8 protective mentber to be removed or at least transferred imnto a release
configuration, thereby giving way fo the sctuation neans. In one embodiment, the removal or
dispdacement of the protective member 1o only possible after the breakable zeal 1s split open e
destroved. Thus, by conphing profechive member and housing by mieans of a breakable seal, a
tanper-evident closure means can be provided for a two-chamber system mdicating, whether the

systen has been tampered or not.
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[0094] In vet another aspect of the present mvention, the anesthetic composition of
the present mvention contains an anesthetic selecied from any one of the following compounds
tetracaine, lidocause, benzocaine, dyclonine, pramoxine, dibucame, butacaine, cocame,
mepivivaine, bupivicaine, levobupivicaine, ropivicaine, efidocaine, prolicaine, articaine, procaine,
chioroprocaine, salts or other suitable pharmacentically acceptable forms thereof including free
acid or base, alone or 1 combmation with each other. In a more preferred embodunent the
anesthetic is tefracaine, benzocaine, cocatite, bupivacaine, ropivicaine salts or other suitable
pharmaceutically acceptabde forms thereof and at least any one of the following secondary
agents such as epineplwine, a stabilizer such as bicarbonates, a pH adjuster meluding suitable

acids or bases as described above and exymetazoline or xymetazoline or both oxymetzoline and

xvinetazoline.
[0095] EXAMPLE
[0096] The following examples illustrate aspects of the present mvention but are not

to be construed as limitations.
[0097] Example 1

[3098] Samples of conunercial cocaine topical formulation were prepared according
to the process below. The cocaine delivery system of the present invention contained an upper
chamber containing saline, and a lower chamber containing a drv nuxture of cocane HCT salt,
sodium benzoate and citric acid formulation respectively tn amounts, cocame 4%, sodim

henroate §.01 and ciirie acid ¥%..

{00991 In this embodiment, the lower chamber and upper chamber of delivery system
are separated at the center with a septum phig that 15 mserted into the neck constriction that exast
between the two chamber and the solvent is placed m the upper chamber 120, 226, 320, allm s
well-known manner. During the manufacturing process, the stopper 15 inserted mio the neck of
the upper chamber so that the enlarged stopper portion seals and engages the mner wall of the
openmg i the upper chamber. The cap and the securmg svstem is positioned on the assembly so

as to secure the stopper and the chambers themselves

{00100} At least one embodument of the present mvention 18 shown in Figure 1. In this

embodiment, the protective means 1s positioned so that the stopper portion 126 13 recerved within
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the vpper chamber. Dunng the ttial mounting of the protective means on the delivery system,
the lower edge of the securing portion 125 s deformied se as o pass over the rim 129 and the cap
snaps inwardly beneath the rim to be secured to the upper chamber. The stopper s thus
postitoned as tHustrated i Figwre, wherein the upper end of the stopper portion 126 is spaced

downwardly from the upper end of the achuating means.

(30161} When it becomes desirable to use the cocaine product, the two-chamber vial is
gripped within the hand so that the thumb can press against the upper end of the upper chamber.
By urging the stopper toward the vial with the thumb, the connection between the tip of the
stopper and the upper chamber 1s mitially fractured and the stopper moves downwardly toward
the center of the upper chamber. During this initial movement of the siopper, a locking
mechanisin at the upper neck may be activated along the stopper’s ending until a locking ring
engages m the manner to halt the stopper from gomg down any further. Contumied downward
depression of the sleeve portion may resulf in the stopper bemng pressed downwardly into the vial
would not likely create any more hvdraulic pressure than what has already been created within
the upper chamber respectively forcing the septum plug 140, 240 out of the neck constriction 130
or 230 so that the solvent can move mto the lower chamber and mix with the anesthetic dry

powder.

[00162] When the stopper 126, 226 1s depressed, # dislodges imterchamber seal
allowing the cocaine powder to mix with the aqueous solution. One advantage associated with
this method of forming a cocaine solution is that the aqueous phase can be mstilled first and
sterilized separately for example via autoclaving or other means. This will prevent potential
mycrobial growth m the aqueous phase prior to sterihization. In the case of using a plunger
mstead of a stopper, the depression of the sleeve phinger 331 passes through the openmg n the
upper chiamber and causing the dislodging of the interchamber septiun. Once the plunger 1s fully
depressed as nudicated above, the solvent and the anesthetic powder can be freely nuxed to

provide a ready o use solution.

(60163} Various embodunents of the present invention provide surprising advantages.
A spray dried starch formmilations provide prolonged m-vial stability, particularly when the

molecular weiglt of the starch 1s over about 500,000, The use of two-chamber vials with water
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providmg an additional seal for the formmiation and provide increased shelf lfe, and greater use

convenience.

[00104] In another embodiment the contents of one commercial product vial were
transferred mto an apphicator to provide a large surface area of application. In another
embodunent, the contents of the conunercial product vials were prepared into a single kit or box
for delivery that can st on the shelf for at 1zast 3 vears without losmig any move than 10% of the

active ingredient and‘or any bacterial contarnmation.

[60103] Although a particular preferred embediment of the mvention has been
disclosed m detail for tllustrative purposes, it will be recognized that vanations or meodifications
of the disclosed apparatus, mehuding the rearrangement of parts, lie within the scope of the

present mvention.
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What is elaimed is:

i. An anesthetic delivery system comprisig
a. A fust chamber compristng pharmaceutically acceptable biocarbonate free
meompressible hqud solvent,
b, A second chamber comprising a sterile solid particulate form of an anestheiic

compound or a pharmaceutically acceptable salt thereof,

L]

A sealed septum separatimg the first and second chamber comprising material thatf is

mpermeable to said selvent, and

d.  An actuating stopper sealing the first or second chamber from the outside
environment,

wheren upon pressing said stopper, said mcompressible hgud solvent 1s pressurized and

drives said sealed septum downward, releasing the hiquid solvent into the other chamber

to form a mixture of liguid solvent and the anesthetic compound.

2. The system of clamm 1, wherem the anesthetic compound is selected from the group
consisting of a group consisting of fetracaine, lidocame, benzocaine, dvclomme, pramoxine,
dibucame, butacame, cocaine, salts or other suitable pharmacentically acceptable forms thereof.
3. The system of clamm 1, wherem the stopper {d) 15 of a dehydrated water absorbable
polymer or copolymer comprising sodium algmate, sodmum carboxymethyl cellulose, sodinm
pectmate, sodium carboxymethyl chitosan, sodim polyacrylate, naturally ocowrring gums and
synthetic polvmers contauung carboxvlic acid, acrylic actd-methacrylic acid copolynuis and/or

dehvdrated hydrogel, cross-linked macro-molecular network, fibers, nvlons, and mixtures

thereof.

4. The system of clamm 3, wherein the stopper is saturated with said mixture.

S. The system of claim 1, wherem the shelf life stability of the delivery system 15 at least 1
year.
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&, The system of clamm 1, further comprising an apphicator component within at leasf one of
said chambers.
7. The system of clamm 1, said chambers are separated by a constriction wherein the septum

1s beld m place m a form of a substantially anrtight and solveni-tight plug.

8. The system of claim 7, wherem the chambers are connected via an annular neck and the
septum 1s seating withimn the neck’s sealing portion and an upper protruding portion that projects

bevond the of the neck.

Q. The system of claim 7, wherem the actuating stopper has a protruding actuating means
from at least one of the chambers, wherein said actuating means is a means for applying external
pressure that is transferred via the higmd solvent in the first chamber to the sealed septum plug,
and wherein said pressure disengages the plug fron: the constriction, thereby pushing the phig
into the lower chamber to bring the solvent into contact with the solid particnlates in the second

chanber.

10. A method of preparing anesthetic solution comprising

providing a two-chamber vial delivery system comprising {a) an upper chamber
comprising pharmaceutically acceptable biocarbonate free mncompressible hquud solvent, (b} a
lower chamber comprising a sterile dry anesthetic compound or a pharnmcentically acceptable
salt thereof, {c) a seal separating the upper and lower chamber, and {d) a stopper sealing the
upper chamber from the outside enviromment,

pressimg the stopper sealing the upper chamber,

releasing the liguid solvent wto the lower charsber o form & mxiure,

shaking the mixture to provide a anesthetic solution.

i1, A method of treating a patient 1 need with an apesthetic formulation conprising
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admuustering an anesthetic solution fo said patient wheremn said anesthetic solution is
prepared by (a) providing a two-chamber vial delivery system comprising an upper chamber
conyprising pharmaceutically acceptable biocarbonate free tncompressible hiquud sobvent; a
lower chamber comprising a sterile dry anesthetic compound or a pharmacentically acceptable
salt thereof, a seal separating the upper and lower chamber; and a stopper sealing the upper
chamber from the outside environment, (b} pressing the stopper sealing of the upper chamber, {<}
releasing the liguid solvent mto the lower chamber to form a nuxture of anesthetic and solvent,

{d} shaking the mixture to form the apesthetic solution, and

topically applvmg said anesthetic solution fo an area in need thereof.

12, The methed of clamm 7, wherein upon the shaking of the nuxture, the system stopper

absorbs the anesthefic selution.

13.  The system of clam 1, wherem the first chamber 1s the upper chamber and the second

charuber 1s the lower chamber.

14, The system of clamm 1, wherein the chambers are free of any preservatives.

15, The system of claim 1, wherein the anesthetic is present in an amount of about 1 to about

5 megml.
6. The system of claym 1, wheremn the foromlation comprises: {a) cocame or a
pharmacentically acceptable salt thereof 1 amounts 10-1000 mg/mL; (1) solvent; {¢) a stabilizer

and {d) optionally pH adjuster.

17, The system of claim 16, wherein the formulation consist essentially of! (a) cocaine, (b) a

stabilizer, and () solvent.

18,  The system of claum 16, wheremn the formulation consist of: {a) cocame, (b} a stabilizer,

and {c} solvent.
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