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INIECTABLE LONG-ACTING LOCAL ANESTHETIC SEMI-S0LID
FORMULATIONS AND ITS COMPOSITIONS

Cross-Reference To Related Applications

{6001 This application claims the benefit of ULS. Provisional Patent Application
Mo, 63/771,01 1, filed February 28, 2013, the disclosurs of which is incorporated herein by
reference in its entirety.

Technical Field

(80821 What is described herein relates o a semi-solid Hpid matrix as a delivery
vehicle, and a controlled relesse semd-solid pharmacentical composition comprising the semi-
solid lipid vehicle and a local anesthetics agent. The pharmacentical composition can be in
the form of an injectable or 8 topical formubation for controlled delivery of a local anesthetic,
which is useful in the treatment of posi-operative pain.

Background

{08631 Systemic morphine administered via PCA pumps and oral narcoties are the
leading drugs used {o treat post-operative pain, These drogs are very effective but have
significant side effects, inchuding respivatory depression, nausea, ileus, and a potential for
addiction. Due 1o the addiction potential, these medications are often under-prascribed so that
patients continue o experience moderale (o severe pain in the immediate post-operative
pericd, Local anesthetics can be used 1o avoid these side effects. However, the svailable
drugs are very short acting with 2 maximum of six to cight hours of paia relief. Post-
operative pain typically lasts more than two days. A long-acting local anesthetics that could
safely release pain medication over two 1o four days that vuly relieve pain without sysiemic
side effects would potentially provide a significant advantage over the leading drugs used o
reat post-operative pain.

[B084] A great deal of efforts has been made to develop sustained or controlled
release Jocal anesthetics drug products, These products may be achisved by
microencapsulation such as microspheres, microparticles, and mplants. The drug delivery
vehicle typically consist of g polymeric mainix from which drug is released by diffusion
and/or degradation of the matrix,

{00851 U5 Patents Nos, §,214,387, 6,921,541, 6,521,259 {microspheres},

8,221,778 (implant), describe preparation and testing of many polymers such as
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polyanhydrides, polylactic acid-glveolic acid copolymers and polyorthossters used as
bioerodible mairices for the controlled release of local anesthetics. The active ingredient,
local anesthetics, are typically entrapped or encapsuiated in microspheres or muicroparticles
which are then introduced fnto the surgical cavity via injection, infusion or in the form of
implant,

{03861 For application such as treatment of post-operative pain, an analgesic
activity of only a few days would be desirable. Because erosion of polyiDL-lactic acid) is
measured in months, and even vears, and the erosion tme of poly{iactide-co-glvonlide}
eopolymers is measured In weeks to months, these erosion times are clearly sot optimal for
short term therapy. In addition, the degradation products of these polymers are glveolic acids
and lactic acids, which are very acidic and could cause inflammation.

[8607]  Kim in U5, Pat. No. §,182,835 describes encapsulating local anesthetics in
lipusomes, such as muliivesicular liposomes, with high encapsulation efficiency and slow
drug release in vivo. Liposomal bupivacaine formulations were also investigated, but in vitro
refeases of less than 12 hours were schieved. Commercial products {e.g. Exparel®) were
found o reduce mean pain inlensity only during the first 24 hours following study drug
administration. U.S. Pat, No, 7,053,209 describes a high viscosity liquid controlled delivery
sysiem using nonpolyvmeric ssters or mixed esters of one or more carboxyiic acids suitable for
the delivery of active substances in 2 controlled {ashion. Unfortunately, this system was not
able o properly control release bupivacaine, and the drug product based o it only showed
patn-relief comparable to the bupivacaine HCL solstion commereial product in a phase 11 wrial,

[OBB8] 115 Pai Nos. 6,613,355, 6,790,458, and 6,861,068 describes o semi-solid
delivery vehicle contains a polyorthoester and an excipient 1o controd release the active
ingredients. A lopg-acting mepivacaine was developed using this semi-solid drug delivery
technology. Unfortonately, only about 3 wi%h of mepivacaine is able 1 be loaded into the
polvorthoester vehicle dus 1o the drug's low solubility in the vehicle (Barr et al,, 2002, Ady
Drug Del Rev 34:1041-48). Further, the controlled release of mepivacaine was only extended
from 2 hours to about 6 hours in rat animal model studiss. This drug product showed
comparable paine-relief 10 the bupivacaing BC solution commercial product in a phase I tial.

{B003]  While the sbove systems are wseful, their manufacture processes are
complicated, cumbersoime and cxpensive. In addition, they are often associated with an initial
higher release of drug immediately after injection (also called “burst”™) followed by

inconsistent and poor drug release kinetics, thus lack of reliability in pain relicf in animal

e
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studies and buman trials. Thers remains a need for controlled release of drugs suitable for
pain management.

Summary

[B0E8]  One aspect of the description is o provide a semi-solid delivery vehicle
which comprises one low solubility semi-solid lipid and one or more modifylag excipients.
Each excipient is fully compatible and readily miscible with the semi-solid lipid and the
resulting semi-solid delivery vehicle has g smooth and flowable texture or soft paste form.
The seni-solid Hpids suitable for the compositions of the description are tiglycerides of
mixed esters, partial glycerides of fatty acids, and polyglyceryl esters in a relatively viscous
figuid or paste form with an agueous solubility of less than .1 mg/mL. Because they are
manufactured from natursl glycerol and fatty acids, they are highly safe and show excellent
biocompatibility,

{8011} Another objective of the present description is 10 provide a semi-solid
pharmaceustical composition for controlled delivery of locally or systemically acting active
agems, in particular local anesthetics. The composition comprises one or more {ocal
anesthetics agents and the semi-solid delivery vehicle.

{8012] The low-solubility semi-solid lipid can be homogeneously mixed with the
modifying excipients and local anestheties at elevated temperatures to form a semi-solid
solution without the use of a solvent. The resulting semi-solid local anesthetics formulation
{or drug product) is elther in the form of a relatively non-viscous Hauid or 2 smooth soft
paste, and the release rates of the active agent may slso be adjusted to accommodate the
desired duration of therapeutic effect. The biccompatible lipid matrix naturally dissolves and
Biosrodes in the physiological environment, and the local anesthetics is gradually dissolved
and released 1o provide local analgesia, Ideally, the semi-solid lipid and the local anesthetics
exhibits similar solubility and dissolution rate in the physiclogical environment, which may
fead 10 near zero-order refease kinetics.

{B813]  Anocther aspect of the description is a composition for delivery of 2
substance, comprising a semi-selid mixtore of one or more monaglycerides, diglycerides, or
rriglveerides of low water solubility having the structure of L 1, HE IV, V., or low HLB

polvglyeeryl esters with the structure of VI,
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at a concentration of 40-99 wi%, wherein R', R", and R™ are independently a saturated natural
fatty acid comprising 8-22 carbon atoms, 3 naturally occurring unsaturated falty acids
comprising 16-22 carbons, a non-tootic organic dicarboxylic acid comprising 6-10 carbon
atorns, ot a naturally oceurring omegs saturated or unsaturated hydroxy acid; nis §-10; and
the substance 1o be delivered; whersin the compesition is a biocompatible, bicerodible,
homogeneous, single phase, semi-solid gel. The composition deseribed herein preferably has
a viscosity of 20-23000 oPs a1 30° €, and is thixotropic, sither decreasing viscosity with an
imcrease in tomperature of with mechanical pressure,

{8034] The composition described herein preferably further comprises 8 modifyving
excipient comprising a monoglyceride, dighyceride, or triglyceride having the structure of I,
IL I IV, or ¥V, wherein the modifying excipient modifies the release kinetics of the
substance to be delivered, the dissolution kinetics of the composition, or the viscosity of the
composition. The concentration of the modifying sxcipient is 1-30 with, preferably 5-30
wi%, more preferably is 10-20 wi%, most preferably is 0.3-53 wi%, and in some cases is §.5.
2.5 wi%,

{B015] The composition deseribed herein may comprise a semi-solid mixtore that
comprises PGDS, SOFTISAN 378, SOFTISAN 645, or SOFTISAN 701, and a modifying
sxcipient that comprises SOFTISAN 701, GELUCIRE 3841, SUPPOCIRE A, GELUCIKE
44714, GELUCIRE 50/13, LABRAFIL® MIB4ACE, or LABRAFIL® MII2SCE.

[0016] The substance to be delivered by the composition described herein may
comprise an active agent. The active agent preferably is a unit dose of a local anesthetic for
administration to a site in 3 subject in an amount effective to achieve nerve blockads, focal
numbness, or pain reliel at the site, preferably at a concentration of 1-60 wi%h, most

preferably at a concentration of 5-40 wi%. The active agent preferably comprises a
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compound selected from the group consisting of hdocaine, bupivacaing, ropivacaine,
mepivacaine, stidocaine, and a fanty acid complex of the compound,

(88171 The composition may be a lopieal or injectable semi-solid formulation, and
be wseful in a method for preventing or relieving local pain comprising administering to a
subject in need thereof the composition described hereln. The composition described herein
may be administered by topical application, preferably to skin or mucous membrane, The
composition described herein may be administered by injection, such as subcutansous,
intramuscular, or intraperitoneal injection, preferably into the surgical cavity and at different
favers within the wound,

{B818] The composition described herein may be produced by selecting the 2 semi-
solid mixiure of one or more monoglveeride, dighyeeride, or triglveerides of low water
solubility having the stecture of L T O, IV, ¥, or low HLEB polyglveeryl esters with the

strpcture of Vi
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wherein R, R”, and R™ are independently s saturated natural fatty acid comprising 8-22
carbon stoms, a naturslly occurring unsaturated fatty acids comprising 16-22 carbons, 2 non-
toxic organic dicarboxylic acid comprising 610 carbon atoms, or 8 naturally cccurring
omega saturated or unsaturated hydroxy acid; nis 1-10; and mixing the semi-solid mixiure
with and the substance 1o be delivered i an clevated temperature (0 form a bincompatible,
bioerodible, homogeneous, single phase, semi-solid gel. The process of making preferably
resulis in a composition that has a viscosity of 202000 ¢Ps at 30° €. The product produced
preferably consists of a substance o be deliverad that Is an active agent, most preferably &
Iocal anesthetic. The process preferably produces a composition wherein the active agent is at
a concentration of 1-60 wi%, most preferably, a concentration of 5-40 wi%. The active agent

of the composition produced preferably is one wherein the active agent is a compound



WO 2014/134586 PCT/US2014/019704

selected from the group consisting of lidocaine, bupivacaine, ropivacaine, mepivacaing,

stidocaine, and a fanty acid complex of the compound..

Brief Description of the drawings

Fig. 1 shows bupivacaine release from a series of different semi-solid compusition
containing main lipid carrier with modifying excipients. semisolid 001: 3378bupivacaine
{23/5), semisolid 002: [S37R/STOHEN 0] /bupivacaing (PUE), semisolid B3
{PGDS/GISOHEG203] Mupivacaine (85/5), semisolid 004 [STOUGISDI (VIO
bupivacains AG3Y13 (B2/9/9, semisolid 005 [8701/G35/01 (BIVZOY] / bupivacaine (90/10),
and semisolid 008 [STOU/G3S/AIT00)T/ bupivacaing (88710}, 25 mM phosphate buffered
saling, pH 7.4, 37° C,

Fig. 2 shows bupivacaine release from one single semi-solid Hipid (5701} and this
semi-solid lipid modified with an additional lpid. Semisolid 805 [S701AG3%0HRO20} /
bupivacaine (90/10), semisolid 003 A: 870 /bupivacaine (90/10). 35 mM phosphate buffered
saline, pi 7.4, 37°C.

Fig. 3 shows bupivacaine releass from four differcnt ratios of two semi-solid lipid
components: semisolid 003A: [PGDS/GIHOIGH/T0)] / bupivacaine (B53/3), semisolid 0038:
{PGDSAGISOIGHS0Y] / bupivacaine (95/3), semiselid 003C: [PGDS/GIS01(70/30Y /
bupivacaine (9575}, semisolid D030 [PGDS/GIHGHOH 10Y] / bupivacaine (85/3). 25 mM
phosphate buffered saline, pH 74,377 C

Fig. 4 shows bupivacaine releass from two different ratios of two semi-solid lipid
components: semisolid BO7A: [S645/G39/01{80/1)] / bupivacaine (95), semisolid 0078:
{SA45/GA%01(BOANT / bupivacaine {8575}, 23 mM phosphate buffered saline, pH 7.4, 377 C

Fig. 3 shows bupivacaine release from the same two semi-solid lipid component
vehivle &t thres different drug loading levels, approximately 5 wi%, 10 with, and 14 wi%
bupivacaine respectively: semisolid O0SM Y [STO1/GIRORGZ0)] / hupivacaine (843},
seraisolid 0035; [STOLAGI/0 (G20 / bupivacaine (B0/1(), and semisolid 003M2:
{STONGISOHRYIN] / bupivacaine {86/14}. 25 mM phosphate boffered saline, pH 7.4, 37°
.

Fig. & shows bupivacaine release from three different amounts and volumes (30, 106,
and 200 mg) of 3 semi-solid formudation: 5378/ bupivacaine (85/3) in 35 mM phosphate
buffered saline, pH 7.4, 37°C,

Fig. 7 shows bupivacaine and bupivacaine faity actd complex release from the same
semii-solid Hpid vehicle, one comaining bupivacaine base, semisolid 031 8378/ bupivacaine

&
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{95/5); the other two containing bupivacaine and faity acid complexes, bupivacaine with oleic
acid and palmitic acid formulations, semisolid bupivacaine “OA: 5378/ bupivacaine OA:
{80720}, semisolid bupivacaine PA: 8378/ bupivacaine PA: (RO20), 23 mb phosphate
buffered saline, pH 7.4, 377 ¢

Bretailed description

Advantages of bloerodible semisolid depot technology

Biscompatible and biseredible semi-solid Hpid depot contsining bupivacaine

{08181 The formulations described herein provide a prolongsd pericd of
bupivacaine release such that therapeutic concentrations of the drug are achisved rapisdly and
maintained for at {east 72 hours. The potential benefit of the prolonged release profile is o
achisve rapid pain relief, maintaining higher levels of active drug at the siie of the pain over
thine to potentially provide greater velief from pain, and 1o maintain pain relief for 72 hours
following surgery.

{80207  The animal model studies described herein demonsirale continunus release
of the pain-relieving agent bupivacaine for 72 hours.

Benefits of bioerodible, semisolid depot technoloagy:

{86211 No significant initial burst is found in the formulations described hersin,
Typically, controdled release injections are associated with an initial burst (higher release of
drug immediately after injection}. In vitro drug release and animal studies have shown that
injectables based on our bicerndible semisolid depot technology produce less post-injection
burst that is typically associated with other commercially available injeciable controlled
release lechnologies. For example, NUTROPING (somatropin of rfDNA origin for injection)
has a drug release profile of huge burst followed by very slow drug release.

{68221 Drug concentration in the semisolid depot technology deseribed herein can
be as high as 40%, considerably greater than what is typleal with other controlled release
technologies. For example, 3 long-acting mepivacaine has been developed using this semi-
solid drug delivery technology In which only about 3 wit of mepivacaine can to be lpaded
inio the polyorthoester vehicle due © the drug's low solubility in the vehicle,

{B023] The semisolid depot formulotions exhibit described herein have very low
viscosity, about 10,000 mPas or less 8t 30° C, preferably 1000 mPas or less. Therefore, they
can e injected through a small needle such as 23 gauge or even 28 gauge needles, and will

exhibit minimal pain (similar to agqueous solution injection) during injection, Addidonally,
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since the semisolid formulations described herein have 2 higher capacity for drug Joading,
tess volume of drug product is reguired o be injected. Small injection volumes and low
viseosity semi-solid formulations result in easier and less painful administration. POE semi-
solid formulations have a viscosity of thousands of mFas at 36° €, which is difficelt o be
inecied with a 21 gauge needle,

{8024]  The formulations desoribed herein comprise semisolid lipids that are
glycerides of glycerel with natural fatty acids. These compounds are readily hydrolyzed to
glycerol and free faity acids by lipase, These compounds are non-toxic, and exhibit excelient
biccompatibility in the body. The formulations deseribed herein are blodegradable,
bicerodible, and fully resorbable. In antmal studies, at two weeks afier dosing, no adverse
effect of the semi-solid formulation on wound healing was observed. The administration site
appeared o be pinkish, and the sciatic nerve appeared to be normal, ne inflammation,
necrosis, uiceration, or infection was ohserved,

[8625] Compared o microspheres and other polymer-based controlied release
injectable systems, the semisolid formulations described herein are readily manufactured at
low cost. The active ingredient(s) and semi-solid vehicle components are simply mixed at
without the use of solvents at relatively low slevaled temperatures. Note that since we are
using semi-solid Hpid and low-melting point lipid (fess than 50° €, and most probably <406°
) (modifying excipient), therefore, the manufachuring process can actoally happen at about
60° .

(6026} Further, the formulations described herein can be administered directly for
site specific delivery. Sincs the formulations provide a sustained drug releass over a period of
days 1o s month resulting in increased duration of pharmacelogical sction, and reduced
frequency of drug administration. The formulations also produce reduced side effects {due 0
local drug delivery) when compared with systemic adminisiration. The ease of use should
produce improved patient compliance.

Definitions

(80277 Al technical and sclentific terms are used hereln according to their
conventional definitions as they are commonly vsed and understood by those of ordinary skill
in the art of drog delivery. Specific terms for the deseription herein will be defined below.

[B0Z8]  The torm “semi-solid” denotes the physical state of a material that is
flowable under g moderate pressure, More specifically, the semi-solid material has a viscosity
of less than 10,000 cps {miPa.s} a1 30° €. One of the excipient component can have a

viscosity of about 5,000 6,000 mPa.s. After mixing with a viscosity reducer and active

&
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ingredient, the overall viscosity will be reduced o hundreds of cps for the final
formuiationddrug product.

{80291 The term "thixotropic” means a shear thinning propenty of a fluid or gel
material when mixed or agitated. Certain gels or fluids that are thick {(viscous) under static
conditions will flow (become thin, less viscous) over time when shaken, agitated, or
otherwise stressed, They then take a fixed tme © return {0 2 more viscous siate, Many gels
and collolds are thixotropic materials, exhibiting a stable form at rest but becoming fuid
when agitated. Thixotropy is the tendency for the viscosity of a lguid to decrensse when
subjected to shear. Thixotropic Index is the ratio of two viscometer readings. The higher the
difference in the two readings, the more thixotropic the material is, and casier to move. The
term “thixotropic™ is used in its conventional sense io refer 1© a gel composition that can
tiquefy or at least exhibit a decreass in apparent viscosity upon application of mechanical
force such as shear force. The extent of the reduction is in part 8 function of the shear rate of
the gel when subjected 1o the shearing force. When the shearing force is removed, the
viscosity of the thixotropic gel returns to a viscosity at or near that which 3t displayed priorio
being subjected to the shearing force. Accordingly, a thixotropic gel may be subjected o a
shearing force when injected from a syringe which temporarily reduces its viscosity during
the injection process. When the injection process is completed, the shearing force is removed
and twe gel returns very near 10 Hs previous siate,

[B038] A “thixotropic agent” as used herein is one that increases the thixotropy of
the composition in which it is contained, promoting shear thinning and enabling use of
reduced injection force.

{$031] The 1erm “bicerodible” refers to a material that gradually decomposes,
dissolves, hydrolyzes andfor ercdes in sint. Generally, the "bicerodible” semi-solid lipids
described hereln are materials that are hydrolyzable, and bioerode in sitw primarily through
both lipolvsis and hydrolysis,

{8032] The semi-solid Hpids, solvent and other agents of the description must be
“hiocompatible”; that is they must not cause frrilation or necrosis in the environment of use.
The environment of use is 3 fluid epvironment and may comprise a subcutaneous,
intramuscular, intravascular Chighflow flow), intramyocardial, adventitial, intratomoral, or
intracerebral portion, wound sites, tight joint spaces or body cavity of a human or animal,

Eow-sninbility semi-colid Hplds of the formulation

{6833] The semi-solid Hipids usefil in the formulation described hergin are a

mixture of one or more monoglyeerides, diglyeerides, or triglycerides of low water solubility

g
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having the structure of L L HL TV, V, orlow HLB polyglyceryl esters with the structure of
Vi
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wherein R, R”, and R™ are independent falty acid modety or hydrogen, and n is =10, The
fatty acids include saturated natural fatty scids containing 8, 9, 10, 11, 12, 13, 14, 15, 18,17,
18, 19, 26, 21, or 22 carbon atoms, preferably 8-18 carben atoms, such as caprylic scid,
caprie acid, lauric acid, myristic acid, palmitic acid, stearic acid, arachidic acid, or behenic
acid; or naturally occurring mono-unsaturated fatty scids such as palmitoleie acid, cis-
vaceenic acid, of oleic acid; or polyunsaturated fanty acids such as linoleic acid , u-linolenic
aeid, arachidonic acld, elcosapentasnoic acid, and docosshexaensic acid; naturally occurring
omega saturated and unsatorated hydroxy acids such as 16-hydrogy palmitic acid, 18-
hydroxy stearic acid, Z-hydroxy-docosanoic, 13-hydroxy-hexadecanoic acid, § 7-hvdroxy-
octadecanoic acid, 2-hydroxy-nleic acid, 2-hydroxy-linoleic acid, or ricinoleic acid;
additional naturally occuering faity acids such as vernolic acld or furanoid faity acids; and
finally non-toxic organice dicarboxylic acid containing 6, 7, §, 9, or 10 carbon atoms such as
adipic acid, szelaic acid, or sebacic acid which can be used along with other fatty scids. &
simall portion of thase acids can be added 1o the fagty acid mixtures and react with glyeerol o
produce the mixed esters,

[B034] In addition, polyglycery! esters with an HLB value of less than 4 and
molecular weight of less than 2,000 dalton, such as polyglyeeryl-2-dilsostearate (HLB=3.8),
polyglyeeryl-1l-decacieate (HLB=3.3}, or polyglveeryl ester of mixed vegstable fatty acids
{HLB=2.5}, are also useful semi-solid vehicle.

{B833]  Trighycerides are typically manufactured through direct esterification of
glycerol with defined fatty acid blends and have therefore precise composition and properties

{regarding melting point, polarity (hydroxyl valoe), and consistency). Partial glycerides are

in



WO 2014/134586 PCT/US2014/019704

esters of glycerol with fatty acids, wherchy only a part of the existing hydroxy! groups are
esterified. Some hydroxyl groups within the glycero! sster are free contributing to the polaric
properties of the material,

180361 The semi-solid lipids compositions in the present description comprise
triglyeerides, diglveerides, and monoglyeerides of mixed esters in a relatively viscous liguid
or paste form with an agueous solubility of tess than 0.1 mg/ml. Glycenides of short-chain
fatty acif with aliphatic tails of fewer than six carbons (Le., butyric acid) and glycerides of
mediom-chain fatty acids with aliphatic talls of 6, 7, § 8, 10, 11, or 12 carbons are typically
in the form of mobile Hauid and are difficelt to form 2 long-lasiing depot in the human body
ai the body wemperaiure of 37° C and physivlogical pH. Triglycerides of long-chain fatty
acids with aliphatic tails 13, 14, 15, 16, 17, 18, 19, 30, or 21 carbons, and very long chain
fatty acids with aliphatic tails longer than 22 carbons typically have s higher meliing point
and are more Hkely 1o be 8 hard waxy solid t room tempersture. As the mumber of fanty acid
carbons increases, the solubility of the formed trighyoerides decreases in the human body.
Therefore, the triglycerides of mixed ssters and partial glycerides of fatty acids useful for the
formulation described herein are mixed esters containing medium chain faity acids, Myristic
triglyceride, palmitic trighycenide, and stearic trighyceride are in the form of solid powder or
flakes with 2 melting point of 37° C, 63° €, andfor 71° C respectively, Fatly acids with
aliphatic tails of 6, 7, §, 8, 10, 11, or {2 carbons, which have high polarity and therefore
exhibit superior solvent characteristios for active drugs, sod long chain fatty acids with
aliphatic tails 13 10 21 carbons which tends to increase melling point and hardness, so a
proper mixed ssters containing both medium-chain and long-chain fatty acids can be in the
physical form of a soft paste,

(8837} There are readily available commercial mixtures of glycerides. For example,
SOFTISAN-378 (8378) is » mixture of caprvlic/capric/myristic/steric triglycerides,
containing all four types of faity acids, is an offowhite 1o yellowish soft paste with a drop
point of 38-42°C, and this material is practically insoluble in water at 20°C (with o waier
solubility of less than 0.1 mg/mb), A1 40°C, after this malerial being melted and become a
Hguid, it has a dynamic viscosity of only 30 mPas. For this type of glycerides of saturated
fatty acids, the medium-chain fatty acids play the role of solubilizing the active ingredient
into the semi-solid lipid, while the hydrophobicityflipophilicity of long-chaln fatty acids is a
main factor controlling drug release, control the slow erosionfdissolution of semi-solid Hpid,

and the release of the active ingredient.
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[8G38]  Viscosity also plays a role in controlling the release of active ingredients
from the semi-solid depot. Other fatty scids such as omega saturated such as hydroxysteric
acid (and unsatorated hydroxy acids) which tends 10 increase viscosity of the material, and
other non-toxic organic dicarboxviic acid o increase polarity of the material and solubility of
the active drugs. These functional groups such as hydrexy! groups (-OH) and carboxylic
groups {-COGH, can form intra and intermolecular hydrogen bonding, and can increase the
viscosity of the glycerides of saturated fatty acids. They can also form molecular interactions
with drug molecules, and coniribute o retain the active ingredient inside the semi-solid
depot. For example, caprylic/eapricisostenc/hydroxyl-steric/adipie ghycerides is a mixed
ester of a refatively viscous yellowish Higuid with a viscosity of approximately 6000 mPas &t
28° €, andd this material is practcally Insoluble in water {with a water solubility of less than
8.1 mgfml). Introducing hydroxybsterie fatty acid with hydroxy! groups and adipic
dicarboxylic acid with carboxylic groups change this mixed ester into a high viscosity liguid,
When additional hydrophobie stearic acid is introduced, the resuling material
{capryhcioapricfisosteric/hydrox visteanofsiearic acidfadipic glyeerides), becomes g sticky
paste with a viscosity of about 540 mPa.s at 300 C

{683%]  Unsatursted glycerides with naturally occourring omegs snsaturaied hydroxy
scids, and monounsaturated and polyunsaturated fatty scids typically have a lower melting
point and are mors likely 1o be higuid or soft paste. Some hvdroxyl groups within the glycerol
gster are free contributing to the polaric properties of the material, and polential good
solubility of active ingredients. Especially, glyecerides of unsaturated hydroxy acids show
even better solubility for low solubility active ingredienis due (o the presence of hydroxyl
groups. For example, ricinoleic acid partial glycerides is a white to yellowish paste with a
viscosity of approximately 5300-600 mPa.s at 30° €, and this material is dispersible in water.
Other unsaturated partial glyceride examples are glyceryl oleate, glyceryl Hnoleate, glyceryl
linolenate, glyeeryl hydroxyoleate, glyceryl bydroxylinoleate, and glyceryl monoleate
finoleate, and ghveeryl monooleste. Since these materials contain unsatorated components,
interaction with oxygen must be considered, Antioxidant(s) may be added to the material o
increase stability,

(83487 Polyglyceryl esters are formed chemically by esterification of {atly acids,
largely saturated or mone-unsaturated, o one or several hiydroxyl groups of polyglycerol with

the structural formuia, VI
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where the value of 1 15 not more than 10, preferably less than 4, and R, R”, and R™ each may
be a faty acid moiety or hydrogen.

[B841]  Only 30 10 50 % of the wial amount of hydroxyl groups typically are
esterified by faity acids. Normally, they are used as emulsifying agents due to their
amphiphilic characteristics. Almost all the commercially available polyglyceryl esters ars
refatively hydrophilic, with a high hydrophilic-lipophilic balance (HLB) value of greater than
4, and are either soluble in water or dispersible in water, They are used as water additives and
prodecis, and ars not hydrophobic enough o be used as g controlled semi-solld delivery
vehicle,

{6042] However, polyglveeryl esters such as polyglycervl-2-diisostearate
{(HLB=3.8), polvglyceryl-H-decaoleate (HLB=3.5}, polvglyceryl ester of mixed vegsiable
fatty acids (HLB=2.5), bis-diglveeryl polyacyiadipate, diglyeerin laurate, diglyeerin
myristate, diglycerin olegte, and polvghveeryl nicinoleate with ap HLB value of not mors
than 4, preferably less than 3, can be used as 8 semi-solid vehicle component. They can be
used a5 oil additives dug o their low hydrophilic-lipophilic balance valoe, and are fully
compatible with semi-solid lipid vehicle components. They typically exists as a viscous
tiguid due o the presence of multiple hydrogyl groups, and will become a s0ff puste when
solid Hpid was added as 3 modifving excipient. The molecular weight of the polyglveeryl
esiers should be less than 2,000 Dalton, preferably less than 1,500 Dalton, more preferably
not more than §,0060 Dalion. For example, polyglyceryl-2-diisosiearate (HLB =3.8} is slightly
vellow viscous Houid, when a wany solid tipid G38/01 (2 glyceride of CI2-C18 faity acids} is
added, the mixtore becomes a soft paste. Polvglveervi-10-decacleate (HLB=3.5} is a viscous
Higuid, when a waxy solid lipid G3%/01 (a glyceride of C12-C18 fatty acids) is added, the
mixture becomes 8 soft paste.

{30431  The useful semi-solid hpids (triglyeerides of mixed esters, partial glycerides
{including monoglveerides and diglycerides) of fatty acids, and low HLE polyglveeryl esters)
should be hydrophobic enough, and have low solubility with an agueous solubility of less
than | mg/mL in physiological pH buffer at 37° €, preferably less than 0.1 mg/mL. They are

iny the form of cither a soft paste, or & viscous hguid st roows temperature.
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{83441 The vseful main semi-solid lipids alone, the main semi-solid lipid mixed
with the modifving excipients {the final delivery vehicle), and the delivery vehicle with the
aotive ingredients can form a defined long-lasting depot once administered into the body at
37°C, and will gradually degrade/erode, and be dissolved into the body liguids, and the semi-
solid Hipids will eventually be hydrolyzed to naturdd free glveerol and free fatty acids by
lipase throngh a provess called lipolysis,

The modifying excipients

{80451 The modifying excipients suitable for the present description are
pharmacegtically scceptable and semi-solid lipid compatible materials. These materials can
be in the form of liguid, semi-solid, or solid at room temperature, and are fully compatible
with the semi-solid lipid to form a single phase semi-solid delivery vehicle for sctive drugs.

9046 More specifically, suitable modifying cxcipionts can be also riglycerides of
mixed esters and partial glycerides of fatty acids as described in the main semi-solid lipid
vehicle. Since these modifying excipients are siructarally simitlar to the main semi-solid lipid
vehicle, they are expected (o be fully compatible. Physically, these materials can be i the
form of liguid, semi-solid, or solid at room temperature, and should also have low solubility
with an agueous solubility of less than | mgfmlL in physiclogical pH buffer m 37°C,
preferably less than 0.1 mg/ml. The modifying excipient is preferably to have comparable
solubility as the maln semi-solid tipid.  the modifying excipient is (0o hydrophilic and water
soluble, it will causs a significant burst of the active drug(s), sspecially when the active drugs
are relatively soluble, which may cause undesivable side effects. If the modifying cxcipient is
significantly more insoluble than the main semi-solid lipid, it will retain in the body
significantly longer when the active diug and the main semi-solid lipid s compleiely
dissolved and resorbed by the bady.

86471  The purposes of adding modifying excipients o the main semi-solid Hipid
vehicle is o modify the exture or consistency of the vehicle, to modify the release Kinetics of
the active drugs from the delivery vehicle, to reduce the viscosity of the main lipid vehicle,
and finally to ensure the finsl drug product/formulation remain as a long-lasting well-defined
depat 1o control the gradual release of aotive drugs. Any one of the 3 types of the osefuel semi-
solid lipids, tiglycerides of mixed esters, partial glycerides of fatty acids, and low HLUB
polvglveeryl esters, can be used as a modifying sxcipient, which will be a mixture of two
semi~-solid lipids. Another type of uvseful modifving excipient is a solid wiglyeenide,
diglyceride or monoglyeeride with a melting point of less than 60° O, preforably arcund and

slightly above bedy temperature (35-50° ), When the melting point gets oo high, it will
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cause the hardening of the semisolid vehicle during storasge, and this solid tiglyeeride or
partial glycerides could retain the body significandy longer. For example, solid tiglycerides
and partial glycerides with a melting point of around and slightly above body temperatore are
typically in the form of waxy solid, and can serve as a lubricant 1o reduce the viscosity of the
refatively viscous liquid or paste. For example, a 10-20 wi% of o triglyeerides of C10-CI8
fatty acids (8138}, hydrogenated coco-glveerides (a differsnt percentage mixtare of CI0CI18
farty acids with mehing points from 23-30° C}, glyveeryl laurate, glycery! myristate, glyceryl
palmitate, glyceryl monosiearate, glyceryt hydroxyl stearate, or a glyceride of C12-C18 fany
acids (G3%/01) with a melting point of 37-40° C, a glyceride of C10-C18 fatty acids
{Suppocire A) with a melting point of 33-36.5° C, glvceryl cocoate {(glveeryl mono-, di-,
tricococate), hydrogenated paln/palm kernel oils (3 mixture of mono-, di-, and triglyeerides
with different percentage of C10, T2, T4, C16, or C18 fatty scids with melting points from
20-45° O}, can be added to the relatively viscous yellowish Higuid of
capryhcfapric/isosterichydros vi-steric/adipic glyeerides (s mixed ester), and changed the
delivery vehicle 1o a relatively non-viscons soft paste. This could not only make the semi-
solid depot & more defined shape in the body, and potentially prolong the dmg release
duration, but alse improve the syringeability of the semi-solid formulation.

{8048] The concentrations of modifving excipients in the delivery vehicle may vary.
For example, the concentration of the excipient in the vehicle may be in the range of about §-
50 wi, preferably about 5-30 wi%, more preferably about 10-20 wi%.

{6049]  Additiona further modifying excipients can be added to further modify the
properties of the semi-solid drug delivery vehicle. It would be ideal to simply use the main
semi-solid lipid alone or in combination with one modifying excipient to form the drog
delivery vehicle to mest the drug delivery demands for the active drugs (io achieve the
desired drug refease profile and duration). However, if necded, another small amount of
ancther pharmacewtically sxcipient can be used for example (0 modify the dissolution rate of
the vehicle andfor the release kinetics of the active drugs from the delivery vehicle. For
example, macrogolglyeerides/polyvoxyiglycerides are mixture of monoesters, dissiers and
triesiers of glyeol and monoesters and dissiers of PEG {macrogols), which are obtained by
partial alcoholysis of vegetable oils with PEG. Sultable excipients include lauroyi polyoxyi-
32-glycerides {Gelucire 44/14), sterovi polvoxyl-32-glyeerides {Gelucive 30/1 33, oleoyl
polvoxyi-G-glycerides {Labrafill M1944CE), Hinokeoyl polvoxyl--glycerides (Labrafill
M21I5CS), lauroyl polyoxyi-6-giyeerides (Labrafill M2130CS), caprylocaproyl polyoxyi-§-
glycerides (Labrasol}, and the like. These esters of polyglyentized glycerides canact as a
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non-ionic selubilizer/femuisifier for the active drugs and semi-solid vehicle. The
concenirations of this type of modifying exciplents in the delivery vehiels is low, probably in
the range of about 0.1-10 wit¥%, preferably abowt 0.3-3 w1%, more preferably abow 8.5-2.5
wi%,

The delivery vehicle of the formulation described herein

{8850] The delivery vehicle comprises one main semi-solid lipid, and one or more
modifying excipients selected from those described in the preceding section, The dehivery
vehicle can be prepared by mixing or blending together the main semi-solid lpid and the
modifving excipients homogencusly. The mixing and blending can be performed by any
miethods or using any suitable devices to achisve a smooth homogeneous and non-sticky
semi-solid mixture at an clevated tfemperature without the use of any solvents.

Locsl anesthetic semb-solid pharmaceutical compositions

[8853] Local anesthetics induce 2 emporary nerve conduction block, and & local
analgesic effect for pain relief in surgical procedurss, dental procedures, and injuries.

fG8521  Chinical bocal anesthetics beloag o one of two classes) amide and ester local
anesthetics. Amide local anesthetics include articaine, bupivacaine, cinchocaine/dibucaine,
etidacaine, levobupivacaine, ldocaineflignocaine, mepivacaine, prilocaing, ropivacaine and
trimecaing. Ester local anesthetics include benzocaine, chloroprocaine, cocaine,
cyclomethyeaine, dimethocainefarocaine, piperocaine, propoxycaing, procaing/novocaine,
proparacaine and tetracaing/amethocaine, The local anesthetics may be present as the free
base, or as an acid addition salt, or as 8 mixiure thereol, A mixture of two different loeal
anesthetics or 8 mixture of the same local anesthetics in two forms, the free base form and the
acid addition salt, may be used to achieve the desired pharmacological effect and release rate
and duration,

[8053] The semi-solid injectable form of a local anesthetic of the present description
may be prepared by mixing with the delivery vehicle already formed or directly mixed
together with the main semi-solid Hpid and the modifyving excipients, The local anesthetic
may be first milled into fine particles before mixing with the other ingradients. The
mechanical mixing process is performed at a suitable temperature to comploiely melt the
semi-solid lipid and modifying excipienis inte  solution, and completely dissolve the active
drugs into the delivery vehicle (0 from 2 clear solution. Vacuum may be applied to avoid air
bubbles, and nirogen may be applied to reduce oxidation of active drugs and the delivery

vehicle components. After achieving 2 homeogensous and uniform pharmaceutical
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composition, the local angsthetic semi-solid formulation can be covled down (o ambicnt
e mperatre.

[8054]  The amount of local anesthetic present in the compasition can vary over a
wide range depending on the a nember of factors, such as the therapentically effective dose of
the active drug, the desived doration of biological or therapeutic sffect, and the release profile
of the composition. The concentration of the active agent may be in the range of about 1-60
witk, preferably about 540 wih, or more preferably 1040 wi%, most preferably 14230 with,

(G055 The concentration of the maln semi-solid Hpid may be in the range of about
403-99 wi%, preferably about 50-80 wi%, and more preferably about 70-80 wi%. The
concemration of the first modifying excipient may be in the range of about 1-50 wi%,
proferably abouw 53-30 wi%, more preferably about 10-20 wit%. The concentrations of the
second type of modifying excipienis may be in the range of about {L1-10 wi%, preferably
about §.5-F wi%, more prefersbly about .5-2.5 wi%. In addition, other pharmaceutically
accepiable agents such as antioxidants, preservatives, and other inert agents such as coloring
or flavoring agenis may be added.

{38567 This local anesthetic semi-solid pharmacestical composition of the present
description has a smooth non-tacky semi-solid paste. Therefore, the composition can be
conveniently applied onto already-open sites such as surgical wounds/site or exposed skin or
mucous membrane, or filled into syringes with a 21-25 gauge needle for subcwtaneous,
intradermal, intramuscolar, epidural or intrathecal injection.

{63587} Afier topical application or administration by injection, the aclive agent is
released from the composition in a sustained and controlied mannper, The rate of release may
be regulated in a variety ways (o sceommedaie the desired doration of therapeutic effect. For
gxample, the rate may be increased or deoressed by uwsing difforent levels of low solubdlity
semi-solid Hpids ond different levels of low solubility salts of the active agents with acids. It
miay also be altered by selecting different modifying excipients or by changing their amount,

or the combination thereof.

Pharmaceutics! uses

{88581 The local anesthetics semi-solid pharmacsutical compositions of the present
description can be topically applied oato already-open sites such as skin or mucous
membrane, or filled into syringes and directly injecied into the surgical cavity and at different

layers within the wound, such as across the peritoneal incision and directly below the skin
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incision. This drug product enables localized treatment of both the incisional and deep
visceral patn components normally associated with moderate and major surgery. This drug
product provides paln relief for the first three days following surgery when paln is most
debilitating. This product has the polential to be widely used to manage post-operative pain
following moderate/major surgeries, 8.g., abdonsinal, gynscological, thoracic, or orthopedic

SUFgeries.

Crverall oriteria for the vehicle components

1. High hydrophobicity and low-solubility

The useful semi-solid lipids {(righyoerides of mixed esters, partial glveerides of faty
acids, and low HLEB polygiveeryl esters) should be hydrophobic enough, and have low
solubility with an sgueous solubility of less than | mg/mL in physiological pH buffer a1 37°
€, preferably less than 0.1 mgfml.

2. Bemi-solid physical form

They are in the form of cither 2 soft paste, or a viseous liquid & room tlemperature,
Semi-solid material is a third physical form that is intermediate between solid and hauid.
These materials do not undergo a physical change when injected, which demands a viscosity
fow enough so the injection can be performed with standard needles,

3. Well-defined semi-solid depot a8 37° C after being injected inio the body

4, Good compatibility {one single phase semi-solid solution): Similar chemical
structures for the semi-solid lpid and modifving excipients

Main semi-solid lipids: wiglycerides of mixed esters, partial glveerides of fatty acids,
and low HLE polyglyeceryl esters

Muodifying exciplents: | same as main semi-solid lipids; 2. solid wighyceridas
{specific melting point range; or 3. pharmaceutically acceptable non-ionic
solubilizers/emulsifiers

5. Biocompatible, bicerodible and fully resorbable

&, Non-toxic {safety)

Examples

1. Preparation of Pharmaceutical Compositions

(3597 The semi-solid local anesthetic pharmaceutical compositions below were
prepared as follows: The local anesthetics, semi-solid Bpid, and modifying exciplents were

added to a glass container, and then heated to about §0° Cto 95° € depending on the
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properiies of local anesthetics and the vehicle components used to completely melt semi-solid
ipid and modifying exciplents into 3 solution, and completely dissolve the active drugs into
the delivery vehicle to from a clear solution while mixing, After achieving 8 homogenegus
and uniform pharmaceutical composition, the local anesthetic semi-solid formulation can be
cocied down 1o ambient tomperaturs naturaliy.

A, 60 wi% of 8378 1 40 wi% of eirpeaineflidocaing (1:2)

After heating t0 60 C, all components were melted, and the two local anesthetics were
dissofved to form a clear solution and became g semi-transparent soft paste after cooling
down (o room emperature.

B. 85 wit% of 8378 1 15 wi% of lidocaine/bupivacaine (2:1)

After heating 10 80 C, all componsnts were melied, and the two local anesthetics were
disaglved to form a clear solution and became g whitish soft pasie after cooling down 1o room
lemperaiure.

L 63 wi% of 5701 1 40 wi'h of Bdocaine/bupivacaine {3:1}

After heating t0 60° C, all components were mebied, and the two local anesthetics
were dissolved 1o form a clear solution and became a transparent slightly viscous liquid after
cooling down to room femperaturs,

i 80 wiB of STOVG3ISN! {(4:1): 10 wifh of bupivacaine

After heating to 80 C, all components weore melted, and the local anesthetic was
dissolved 1o form a clear solution and became 3 semi- iransparent soft paste after cooling
down to room lemperature.

E 80 w1 of 5645 20 wi% of lidocaine

After heating 0 807 C, all componenis were melied, and the local anssthetic was
dissolved io form a clear solution and beeame a ransparent shightly viscous Hguid after
cooling down (0 room emperature,

F. 75 with of 5645 25 wi% of Hdovaine/buplvacaine (41}

Afier heating to 30° C, sl components were melted, and the focal anesthetic was
dissolved 1o form a clear solution and became a transparent slighty viscous liguid after
cooling down {0 room emperaturs.

The following commercial products were used, which are available in GMF guality

and guantity,

SOFTISAN 378 caprylic/capric/myristic/steric triglycerides
{8378}
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SOFTISAN 645 caprylic/capricfisosterichydroxvl-steric/adipic glycerides, mixed
{8645 gaters
SOFTIS AN 701 ricinoleie acid partial giyeerides'
{3701}
GELUCIRE glycerides of C12-CHE fany acids
3901 (035401
GELUCIRE 44/14 | lauroyl polyosyl-3i-glveerides
{44714
GELUCIRE 306/13 | sizroyvl polyoxyl-32-glveerides
{G50/1 %)
PGDS

polyglyeeryl-2-dijsostearate

2. In vitro release data

Freparstion of semisolid Pharmaceutical Compositions

(G068}  The semisolid local anesthetic semi-solid pharmacentical compositions

below were prepared as follows; The local anesthetics, semi-solid lipid, modifving excipients,

amd fatty acids {oleic acid and palmitic acid) used to complex with bupivacaine were added o

3 glass container, and then beated to about 80° C 10 95° € (0 completely melt semi-solid lipid

and modifving excipients into s solution, and completely dissolve the active drugs into the

delivery vehicle o from a clear solution while mizing. After achieving & homogeneous and

uniform pharmaceutical composition, the local anesthetic semi-solid formulation was then

cooled down (0 armmbient temperature naturally. The semi-solid formulations described herein

appeared 35 2 semi-transparent or opague soft paste,

semisolid 801 3378/bupivacaine (85/5) or (83 with 7 § with)
semisolid G0 [S378/5701 (80/20)] fbupivacaine {8278}

semisolid 603: [PODSAG3/01RI0] Supivacaine (9345}
semisolid 004: [STOUAG301 W 1Y bupivacaine /G 3 (B24/9)
semisolid 003 {8701/G39/01(B0/200] / bupivacaine (310}
semisolid 006 [S7T0GISOIHYIN] / bupivacaine (BH/10)
semisolid 005 [STOLAG3IS01{B0/20)] / bupivacaine (BH/10)
semisolid 0054: 870 /bupivacains (80/10)

semisolid 003A: [PODSAG39D13G0] / bupivacaine (85/5)

20




WO 2014/134586 PCT/US2014/019704

semisolid G03R: [PGDS/G3OIEWSD] / bupivacaine (95/5)
semisolid 0030 [PGDE/AG3G/0ITOAM] { bupivacaine (85/5)
semisolid 0030 [PODSAGIXCHO0/ D] / bupivacaine (85/5)
semisolid 007A: [S645/G3%0190/ 1Y / bupivacaine (B3%/5)
semisolid 0078, [S645/GIHOTEH/20 / bupivacaine {93/3)
semisolid 005 [STOU/G3SA1EN201]/ bupivacaine {SG/1D)
semvisolid 005M 12 [ST01/G30/01 {80/ 20)] / bupivacaine (85/5)
semisolid D0SM2: [R701/GIWGT{RO20)] / bupivacaine (B6/14)
semisolid bupivacaine » OA: 8378/ bupivacaine OA: (BO20)
semisoiid bupivacaine « FA: 8378/ bupivacaine PA: (80420)

3. In Viiro Drug Release

{#0831) For in vitro release determination, about 50 mg of each semi-solid
formulation was weighed and enclosed in a porous semi-permeable membrane, and then
placed into glass bottles with screw caps. 100 mb of 25 mM phosphate saline buffer (PBS),
pi 7.4 was added o each bottle. The test botiles were transferred 0 a 37° € oven withowt
agitation. Al various time points, bottles were removed and samples of sbout | mL were
removed and analyzed for local anesthetic bupivacaine content by UV-Vis 8t 230 am. 48 mL
of the buffer in cach st bottle was removed and replaced with 50 mL of fresh buffer so that
the PBS buffer in each botide was maintained at 100 mi.

{8862] The drug release profiles of all the listed semi-solid compositions are
sununarized in the Figs. 1-4.

Bechanism for controlied release of the formulstions described hersin

{8063]  When the lipophilic semi-solid formulation is placed into an agueous
environment, water will diffuse into the semi-solid lipid mamnx, the active agent on the
formulation surface will first graduaily dissolve into the surrounding aqueons media. As
water pensirates into the semi-solid lipld matrix/depot, the semi-solid lipid vehicle erndes,
both by surface and bulk erosion, and gradually dissolve int the surrcunding aqueous media,
the active agent inside the manx/ depot will also gradually diffuse out and will be released
into the surrounding agueocus media, thus the active ingredient is refeased from the semi-solid
mairix/ depot in a sustained and controlied manner.

Factors that affect the deug releaze rate

[
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[8884]  The release rate of sctive agent 15 affected both by the semi-solid lipid
vehicle components and the active ingredient, and can be regulated in a variely ways ©
gecommodate the desived duration of therapeutic effect,

(883657  For the semi-solid lipid vehicles, the release rate of active agent can be
increased or decreased by using different levels/amountsfratios of low solubility semi-solid
lipid vehicles with different water solubilitics and dissolution rates. As water solubility and
dissolution rate of the semi-solid lipids decrease, it will take longer for the semi-solid lipid
depot to be dissolved and absorbed, thus resulling longer duration of dreg release as long as
the active agent exhibits sufficient low solubility.

{8866} This semi-solid lipid vehicle can employ one single low solnbility semi-solid
fipid, if this semi-solid Hpid alone can achieve the desired duration of therapeutic effect. The
main low solubility semi-solid lipid needs 10 be compatible with the active agent, and needs
to have good solubility for the active agent so that sufficient drug loading can be schisved for
the desired doration of therapeutic effect.

80671 In many cases, two or more low solubility semi-selid lipids need 1o be used
as the drug delivery vehicle. A secondary lipid component can be added 1o the main semi-
sofid lipid vehicle in an effort to adiust the refeass rate of sctive agent. Again, this additionsl
tipid component also needs 1o be compatible and soluble toward the active agent. In addition,
this additional lipid component can be used 1o modify the viscosity of the semi-solid lipid
vehicle, and the texiure and consistence of the drug delivery vehicle and the final drug
product.

[B068] The semi-solid lipid vehicle(s) inchuding the main lpid vehicle and the
modifying vehicle will mainly determine the duration of drug release and how long the
vehicle will be completely eroded and dissolved in vive. Purthermore, a small percentage of
third medifying excipient a can be added o funther fine-tune the dmg release rate, and
erosion and dissolution rate of the semi-solid lipid vehicle,

{8869}  For the active pharmaceutical ingredient, in order 1o develop a long-acting
focal anesthetic drug producy, one first need 10 select an appropriate local anesthetic drog for
the wrgeted indication, since there are currently sbout 20 local anesthetics available, and each
drug has their own physical and chemical properiies, water solubility, potency, and suitable
indications. The selected drug needs to be compatible with the semi-solid Hpid vehicle
components, so that sufficient drug can be loaded indo the delivery vehicle and there should
be no chemical reactions between the active agent and the vehicle components, and the drug

ttself is siable during manufacturing, processing, and storage.
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{807¢]  Once the drug is sclected, then the form with low water solubility, preferably
fower than &1 mpfml, will be employed since 3 lot of drugs can be in the form of free base
or free acid, or salt forms. For example, bupivacaine can be in the form of a free base or a salt
such as bupivacaine hydrochloride which is widely marketed in conwnercial products under
various trade names, incloding Marcain, Marcaine, Sensoreaine and Vivacaine. The HCI salt
of bupivacaine has & water solubility of 600 mg/mi (BASF MBS sheet), while the froe base
form of bupivacaing has s predicted water solubility of (0977 mgfml. (DrugBank dat). In
addition, if there is 2 need to further decrease the water solubility of the drug bupivacaine,
one can convert the bupivacaine into a salt with faity acids and other low solubility acids,

{80711 Bupivacaine can be readily converted 1o a salt with saturated or snsaturated
fatty acids such as lauric acid, myristic acid, palmitic acxd, and oleic acid. Other low
solubility non-toxic organic acids such as pamoic acid can also be used. This conversion can
not only further reduce bupivacaing water solubility, but also incroase its compatibility and
sefubility in the semi-solid vehicle. bupivacaine can be converted into a salt in advance
before being incorporated into the semi-solid vehicle, or can be added into the semi-solid
vehicle simultansously at 8 111 melar ratio during the formulaton manufacturing process,

{3072} For example, the solubility of bupivacaine in 5378 was only &t
approximately 3 wt% level However, the solubility of bupivacaine oleic acid {or other fatty
acidsy in 8378 was increased op o more than 20 wi%. In addition, the release rate and
duration of the semi-sohid (3378) formulation containing bupivacaine oleie acld is expected
© be significantly slower and longer than the semi-solid (8378} formulation containing
bupivacaine As the drug fatty acid complex solubility decreases, the drug releass duration
will be significantly longer,

{06731  Asshown in Fig. 1, semisolid composition 001 10 006 containing
approximately 3 wi%h bupivacaine up to 10 wi% showed a good controlled release from days
o a month. Five out of the six semisolid compositions employed either one or two {one major
semti-solid Hpid with a modifying lipid) semisolid lipids as the delivery vehicle, one of them
employed a third modifying excipient, which is a solubilizer/non-ionic surfactant, GSG/13. Asg
the overall hydrophobicity of the formulation depots increase, their water solubility decrease,
and thus resulting slower dissolution rate and longer drug release duration.

{00741 Fig. 2 showed bupivacaine release from two sindlar semi-solid
compositions, semisalid 05: [STOV/G3WOIBH 0] / bupivacaine {(20/10), and semissolid
G0sA: ST0bupivacaine 10}, Meodifying excipients can modify the release kinstics of the
drug. Semisolid 8035 and 005A (with only one semi-solid hipid) both contained approsimately
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1) wi% bupivacaine. When about 20 wi% of G3%01 was added 1o 8701, the mixture become
a stightly harder paste, and the overall hydrophobicity Aipophificity of the mixiure vehicle
increased due to the higher Bpophilicity of G38/01, therefore, the release mate of bupivacaine
decreased although the release duration of the two formulations is very close.

88751 Fig. 3 showed bupivacaine release from four different ratios of two semi-
solid Hipid components, PGDS/GISO1(30/70), PGDSAGIN01(BU/50), PGDS/GISOI(7H/30),
PODES/GISOTB M. All four compositions contained approximately 5 wi% bupivacaine.
When these two components were mixed at differemt ratios, i yielded a very soft pasie o
refatively waxy hard paste as the component of G330 increase from 10 wi% to 70 wi%, The
semisolid composition 0034 and 8003B prodoced very similar drog release profile, and the
sernisolid composition 003C and 003D produced very similar drug release profile. Therefore,
different semisolid consistency {soft paste vs, hard paste) can be made depending on thelr
applications,

{8878} Fig. 4 showed bupivacaine release from two different ratios of two semi-
sodid Hpid components, S645/G3%/01(80/1(0) and 8645/G3%/01{85/20). Both semi-solid
compositions, semisolid 0074 and semisolid D07B, contained approximately 3 wih
bupivacaine, 5643 is a yellowish high-viscosity liquid material, when 10 wi% 10 20 wi% of
§338/01 s added, both semisolid compositions, semisolid 007A and semisclid 807H, vielded
very clase bupivacaine release profile. Adding 10 wit% and 20 wi% of G384 w0 5845
reduced the viscosity of the formulation from 2454 ¢Ps {for neat S645) 0 1546 ¢Ps (37%
reduction of viscosity) and 1002 cPs (39% reduction of viscosity) respectively, and make the
sernisolid formulations more readily injeciable.

{86777 Fig. 5 showed bupivacaine release from the same two semi-solid lipid
component vehicle, S701/GI%0I{EH20), at three different drug loading levelx,
approximately 5 witth, 10 with, and 14 wi%h bupivacaine respectively. As the drug loading
increases, the bupivacaine release rate decreases.

{84781 Fig & showed bupivacaine release from three different amounts/volumes, 538
mg, 100 mg, and 200 myg of the same semi-solid formulation, 3378 bupivacaine (8543}, As
the amounts/volumes of the formulation increases, the release rate of bupivacaine relative 1o
the tofal drug loading decreases as it take longer tme for the drug 0 diffuse out and the
vehicle 1o erode, and thus the total drug release duration is significantly longer.

[0679] Fig. 7 showed bupivacaine and bupivacaine fatty scid complex release from

the same semi-solid lipid vehicle 8378, semisolid 001 contains approimalely 5 wi%
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bupivacaing, while semisohd bupivacaine 04 8378 and semisolid bupivacaine PA both
contains approximately 20 wi% bupivacaine and oleic acid and palmitic azid,

IBOEGT  The solubility of bupivacaine in 8378 was only o spproximately 3 wi%
level, Howeves, the solubility of bupivacaine olelc acid and palmitic acid complexes
increased to about 20 wi%, In addition, the release rate and durstion of the semi-solid (3378)
formulation containing bupivacaine oleic acid and palmitic acid is significantly slower and
ionger than the semi-solid (8378 formulation containing bupivacaing dus to the decreased
water solubility of bupivacaine fatty acid complex,

Yiscosity Determination

(80817  This purpose of the viscosHy measurement for the serni-solid formulations is
1o demonsirate that our serni-solid formulations has the feature of very low viscosity, and are
readily injectable through 23-21 gasge needles.

Yiscosity determination procedure:

[BB821 The viscosity of the semi-solid formulations were determined on a ealibrated
Brookficld RVDY-1 Prime CP model viscomeier using cons spindle UPE-51. The semi-solid
formulation samples stored in sealed glass vials wers first heated to sbout 40-5307 Cin an
oven winil the samples beeame s fowable viscous Hauid, Then approdimately 0.5 gram of
cach sample was weighed into the conter the warmed sumple cup. Avold bubbles when
possible. Altach the sample cup 10 the viscomster, and measure the viscosity of an appropriste
speed of rotation so that the % Torgue Is betwesn ¥ and 190%. Record the viscosity and %
torgue # the twrget wmperature. Due 1o the soft paste nature of these materials at room
iemperature, the viscosity of semi-solid formulations was determined ot 36° € at that poing
the semi-solid formulations become a Bowable viscous Hauid/semi-solid under pressure.

Yiscosity values for the semiselid formulations used In in vitro relesse studies

{B083]  The viscosity rosulis for the remi-solid formulations listed in the in vitro
release sudy were sumymarized in Table 1 The viscosity value of these semi-solid
formulations range from 73 ¢Ps to 1528 oPs, with the majority of them way below 1000 cPs
at 30° €. Centipoise {F) and Millipascal seconds {mPa.s) are the CGS and 51 onits for
viscosity, 1 cF = | mPus. The viscosity of all the semi-sodid formulations was measured at
3¢ O
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Table 1: Viscosity resulis for semi-solid formulations

Sample ID Semi-solid formulation composiiion Vissosity
{£Pyat 38°C
semisolid 001 537 8bupivacaine (935} or (33 wi%d § wile) 44
semisolid 002 [SITR/STOHRG20Y] Hupivacaine (B2/8) 73
sermisolid 003 [PGDE/G39/ 1EWINY] MHbupivacaine {955} 232
semisolid 004 {ST0 LGS0V bupivacaine /G513 (B2/9/9) 408
semmisolid 003 {STOVGIY0HEWZM] / bepivacaine {80/ GO0
semisolid 806 {STOLAG3901(TH30}] / bupivacaine (B10} FOG0
semisolid 0034 [PGDS/AGA%013070)] / bupivacaine (95/5) &8
semisolid 0038 {PGDS/GIVOISH/A0)] / bupivacaine (95/5) 125
semisolid B03C | [PGDS/GIS0IFH/30)] / bupivacaine {95/5) {86
semisolid 003D [PODS/AGIWOIBO/ 10} / bupivacaine (80/5) 30
semnisolid 03A ST bapivacaine (310} 615
semisolid 005M1 | [ST0I/GIRO0HEBO20Y] / bupivacaine (85/5) 1095
semisolid B08M2 | [STOV/G3I9QH{B/20)Y] / bupivacaine (B&/14) 491
semisolid 007A | [S645/G30/0 R I0}] / bupivacaine {955} 1528
semisolid (078 (5645 GISOTEN0Y / bupivacaine (95/5) B83

3. Low-viscosily semi-solid {ormulations

{08847 The viscosity values for the main components of the semi-solid vehicle ars
relatively low, typically below 00 cPs wi 30 ¥C, except for 5645, which is a very viscous
figuid. The viscosity values of the four main semi-sobid components were determined at 30°

C and summarized in Table 2.
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Table 2: Viscosity values of the main components of the semi-solid vehicle

Sample ID Yiseosity &Py at 30° C
5378 neat 45

5731 neat 5463

5645 neat 2454

PGDS neat 437

[BOBE]  The semi-solid drug delivery vehicle typically contains two or more
components, the main semi-solid component with one or bwo modifying excipients, The
overall semi-solid vehicle typically exhibiis even lower viscosity, since the modifying
sxciplent often acts as a lubricant, thus further reducing the viscosity of semi-solid velicle
when compared with the main semi-solid component, The viscosity values for the four main
components modified with 10 with or 20 wi% of G39/01 were determined and summarized in
Tulde 3. For the first main semi-solid Hpid 3378, the viscosity remained at very low viscosity
at about 30 oPs after being modified with 10 wa% or 20 wi% of G3901, For the second main
semi-solid lipid 3701, the viscosity of the overall semi-solid vehicle reduced from 563 oFs
{for neat 5701 ) 1o 445 ¢Ps and 383 cPs respeciively sfier belng modified with 10 w1% and 20
with of {336/01. For the 3™ main seri-solid lipid 8643, the viscosity of the overall semi-solid
vehicle reduced from 2454 oFs (for neat 5643} to 1346 oPs {(37% reduction of viscosity) and
1002 cPs (39% reduction of viscosily) respectively after being modified with 18 wi% and 20
wib of G3%0, For the $th main semi-solid Hipid PODS, the viscosity of the overall semi-
solid vehicle reduced from 427 oFs (for neat PGDS) 10 321 oPs and 238 oFs respectively after
heing modified with {0 wi% and 20 wi'% of (339/01.
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Table 3: Viscosity values for the overall semi-solid vehicle (main component +

modifving excipient)

Sample D Viscosity (o) at 38 *C
53786301 (810 33
S378:G39401 (820} 57
STOLGISN (B010) 445
STOLGRS/0 (8020 383
S645:.G39401 (oI 1546
584503941 (80720 1002
PGS G380 (90/1 321
PODSG3IM0T (B2} 238

{80861 Once the active ingredient, bupivacaine, was incorporaied o the final
semi-solid drug delivery vehicle through 2 hot melt process, the minture formed g semi-solid
solution formuliation with the active drog molecularly dispersed in the semi-solid vehicle
media. Again, the overall semi-solid formulations typically exhibit very lower viscosity
{below 1000 ¢Ps) The sctive ingredient can also affect the viscosity of the semi-solid
formuistions, The active drug can act a5 a plasticizer sndfor a lubricant, and further roduce
the viscosily of the semi-solid formulations when comparsd with the semi-solid vehicls.
However, as the drug {solid powder} Joading {(especially above 40 w19 level) increases, the
soft semi-solid paste formulation can change 1o a relatively hard semi-solid pasis
formulation.

B687]  For the first two semi-solid formulations wsing S378 as the main semi-solid
tipid component, the viscosity remained at very low viscosity between 50 and 70 cFs after
incorporating approximately 5 wi% of the solid bupivacaine powder, For the second two
serni-aolid formulations asing 8701 as the main semi-solid Bpid component, the viscosily
increased from 445 oPs and 383 oPs to 468 ©Ps and 800 ¢Ps, respentively, afler incorporating
approximately 10 wi% of the solid bupivacaine powder. For the 3rd two semi-solid
formuiations using 5645 as the main semi-solid Hpid component, the viscosity of the semi-
solid formulations remained almost ynchanged when compared with the semi-solid vehicle
after incorporating approximately 5 wi%h of solid bupivacaine powder. For the 4th two semi-

solid formulations using PGDE as the main semi-sohid lipid component, the viscosity of the
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semi-solid formulations increased somewhat when compared with the semi-solid vehicle after
incorporating approximaitely 5 wi% of solid bupivacaine powder,

[BO88T Al six semi-solid formulatons using 8378, 8701, and PGDE as the main
semi-solid lipid componenis with the viscosity ranging from 35 ¢Fs to 800 ¢Ps a2 30° C are
readity injectable with 23 gauge needles, while the two semi-solid formulations using 5643 as
the main semi-solid Hpid component are readily injectable with 21 gauge needies (s1iH

injectable with a 23 gauge nesdle with some resistance).

Table 4: Yiscosity values for the final semi-solid formuiations {everall sess-solid

vehicle + bupivacaing

Sample ID Yiscoshty (&P al

g
ISITRTIDHRY 0] / bupivacaine (83/5} 53
ISITRISTQL{BO/203] / bupivacaine (9575) 71
(B70HGIHOH{RW D] / bepivacaine (9016} 4568
ISTOVGIWDTBYINY / bupivacaine (10} H00

[S645/G3903 18I}/ bupivacaine (3575} {528
[S645/G3%/0 HBIV203] / bupivacaine {85/5) 983
[PGDSAINONOWI0) / bupivacaing (95/5) 252
[SPODS/GINMHEH20Y / bupivacaine {93/3) 30

In viva rat sciatic nerve block fests

{80897  Male rats weighing between 200 and 350 g were ased 10 assess the duration
of nerve conduction block, which induced by each of the different semi-solid formulations
had been tested. The rals were handled daily and habitusted (o the testing paradigm for at
feast &0 minute prior 10 examination. Sensory and motor blockade were examined as
described below, In addition (o sensory testing, motor festing was performed at gach time
point (o examine the ability of the rais to move their bind leg by galt posture and paw placing.
Antmals were handled and caved in compliance with institutional, state, and federal animal
welfare regulation. The protoco! was approved by IACAC,

[B80%0G] Al rats were anesthetized with 3.53%-4.0% isoflurane in oxygen and
mnintained with 1,.53%-2.0% isoflurane. 0.5 o0 of antibiotic solotion (800,000 snitv/mL

penicitlin G sodivm) was injecied to prevent infection. Under aseplic condition, the left thigh
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area was shaved and an incision was made on up 173 portion. The thigh muscles were gently
dissected by blunt dissection 10 expose the sciatic nerve. Semi-solid formulations were placed
adjacent o the sciatic nerve under direct vision in the fascia plane deep to the hamstrings and
the site. The most superficial fascia layer was closed with a single suture. The edges of the
outer skin were approximated and closed with surgical staples. For all eats, drug-containing
semmi-solid formulations were implanted on the left side of sciatic nerve.

Hot-plate measurement:

{00981  For each dme-point, the rat was pot on 36°C hot-plate {cut-off tme 15 15
seconds) and the latency of Biting the hind paw was recorded (for both paws of the animal)
for 5 times with intervals at least 20 seconds. The highest and lowest reading was discarded
and the average of middle 3 readings were used as the final reading for the partcular time-
poing.,

Motor blockade measurement:

i. Paw placing:

For both paws, the animals were held gently by a wained researcher and the dorsal
paw, one ai @ dme, was slowly slide over a edge of test platform antil reach the loes for §
times. At each time, if the rat successfully places is testing pow onto the surface of the
platform, it was scored as 1 {therefore, the maximam seore 15 3 foreach pawl and as 0 if
fails,

2. Paw motor abilily measurement:

A 4-point seale system was used:

{1} normal appearance,

{23 intact dorsiflexion, but impaired splaying toes when clevating the tall of rat.

(3} completely plantar flexion withouwt splaying ability.

{4} number 3 plus impaired gait.

The paw motor ability assessment was vsed for sach time-point as well,

For both paws, the animals were held gently by s trained researcher dorsally.

434
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Fhssection

00921 Aviwo week time points following the administration, and the surgieal site
skin was examined o observe if any affection on wound healing. Then after, the sites where
the semi-solid formulation was adminisiered were re-opened and examined visually by naked
eyes under anesthesia. After the examination was finished, the rats were cuthanized by 02,

i 88 wi% of {STOVGI0NS/13] 10 witk of hupivacaine © 2 with (44714

This semi-sobid formulation was prepared as desceribed in the preceding section. Por
all rats, sensory blockage lasted for a period of 72 hours with maximum block intensity
{latency=12.5 sec) at 4 hour post-administration. Motor blockade lasted for approximately 4
hours with the densest motor block seen at 2 hour post-asdministration. Paw placing retuwms o
aurmal &l 6 hour post-adminisiration, At two weeks after dosing, no adverse effeet of the
semi-solid formulation on wound healing was observed. The administration site appeared to
be pinkish, and the sciatic nerve appeared o be normal, no inflammation, necrosis,
ulceration, or infection was observed. In addition, minimal depot residue was observed at the
administration site.

2. E8 wi% of [STOUGIQIG D]« 10 wi% of bupivacaine : 2 wi% GAI3

This semi-solid formulation was prepared as described in the preceding section. For
all rats, sensory blockage lasted for s period of 72 hours with maximum block iniensity
{latency=15.0 sec) at 4 hour posi-administration. Motor blockade lasted for approximately 4-
& hours with the densest motor block seen at 2 hour post-administration. Paw placing
returned 1o normal 8t about § howr post-administration. At two weeks afier dosing, no adverse
effect of the semi-solid formulation on wound healing was observed. The administration site
appeared to be pinkish, and the sciatic nerve appeared (o be normal, 0o inflammation,
necrosis, pleeration, or infection was observed. In addition, minimal depot residue was
observed at the adnunistration site,

3 83 wit% of [ST0HGIN0IO/Y - 10 wi% of bupivacaine © § wt G313

This semi-solid formulation was prepared as described in the preceding section. For
all rats, sensory blockage lasted For a period of 72 hours with maximum block intensity
(latency=15.0 sec) at 4 howr post-administration. Motor blockade lasted for approsimately 4
hours with the densest motor block seen at 2 bowr post-administration. Paw placing retums to
normal at about & hour post-administration. At two weeks after dosing, no adverse effect of
the semi-sodid formulation on wound healing was observed. The administration site appearsd

1o be pinkish, and the sciatic nerve appeared to be normal, no inflammation, necrosis,
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ulceration, or infoction was observed. In addition, minimal depot residue was observed at the
administration site,

4. B0 wite of [SH4HGAVBIENINT 20 with of Hdocaine oleic geid

This semi-solid formulation was prepared as described in the preceding section. For
all rats, sensory blockage lasied for a period of 72 hours with maximom block intensity
{latency=14.2 sec) at 4 hour post-administration. Motor blockade was not observed, Paw
placing returned o norval at about 6 hour posi-adminisiration. At two weeks after dosing, no
adverse effect of the semi-solid formulation on wound healing was observed. The
adminisiration site appeared io be pinkish, and the sciatic nerve appeared 0 be normal, no
inflammation, necrosis, wlceration, or infection was ohserved. In addition, minimal depot

residue was observed at the admindstration site,

{03831 The present descripiion having been thus deseribed, modifications and
variations of the molecular struciures, propordons of the various components in the semi-
solid delivery vehicle or pharmacentical composition, method of manufacture and other
parameiers of the description thereof as would be apparent 1o those of skill in the art will be

understood 1o be within the scope of the appended claims.
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Clatms:

What is claimsd is:

i A& composition for delivery of 8 substance, comprising a semi-solid mixture of
one o more monoglyeerides, diglycerides, or triglyeerides of fow waler solubility having the

sgructure of 1, I, HY, IV, V, or low HLE polygiyeeryl esters with the strocture of Vi
Rﬂ
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at a concentration of 40-99 wi%, wherein R', R”, and R™ are independently 2 saturated natural
fatty acid comprising 8-22 carbon atoms, a naturally occorring unsaturated fatty acids
comprising {6-22 carbong, 2 non-loxie organic dicarboxylic acid comprising 618 carbon
atoms, or a maturally cccurring omega saturated or unsaturaied hydroxy acid; nis 1-10; and
the substance (o be deliverad:

wherein the composition is a biocompatible, biosrodible, homogeneous, single phase, semi-

solid gel.

2. The composition of claim {, wherein the composition has a viscosity of 20-

2000 cPs at 307 C.

3. The composition of claim |, whersin the composition is thixotropic.

4, The composition of claim 3, wherein the viscosity decrsases with an increase

in lemperature,

8. The composition of claim 3, wherein the viscosity decreases with mechanical

Pressure,
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&, The composition according to any of claims 1-5, further comprising a
modifying excipient comprising a monoglveeride, diglycerids, or trigiveeride having the
structure of L 1L TH, TV, or ¥V, or pharmaceutically acceptable non-ionic solubilizer or
emulsifier, whersin the modifying excipient modifies the release kinetics of the substance to

be deliverad.

7. The composition according to any of claims 1-3, further comprising a
modifying excipient comprising a monoglyceride, diglyoeride, or wriglyceride having the
spucture of L I I, IV, or ¥V, or pharmaceutically acceptable non-ionic solubilizer, wherein

the modifving excipient modifies the dissolution kinetics of the composition.

8. The composition according 1o any of claims 1-8, further comprising a
modifying excipient comprising a monoglyceride, diglyesride, or riglyceride having the
strugtore of I, 13, HHL, IV, or ¥, wherein the modifying excipient modifies the viscosity of the

composition

@ The composition according to any of claims 6-8 wherein the concentration of

the modifving excipient is 1-530 with.

i&,  The composition according to any of claims 6-8 wherein the concentration of

the modifying excipient is 5-30 with.

F{.  The composition according 1o any of clalms 6-8 wherein the concentrations of

the modifying excipionts ranges is 10-20 with,

12 The composition according 1o any of claims 6-8 wherein the concentrations of

the modifving excipienis ranges is 8.5-5 wit%.

13.  The composition according o any of claims 6-8 wherein the concentrations of

modifying excipients ranges is 0.5-2.5 wi%.

14, The composition scoording to any of claims 1-13 wherein the semi-solid
mixiure comprises PGDS, BOFTISAN 378, SOFTISAN 645, or SOFTISAN 701,
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15, The composition according to any of claims & 13 wherein the modifying
excipient is SOFTISAN 701, GELUCIRE 39/01, Suppocire A, GELUCIRE 44/14,
GELUCIRE 533/13, LABRAFILE MIMCE, or LABRAFIL® M2125CS..

16, The composition according to any of claims §-15 wherein the substance to be

delivered comprises an active agent.

I7.  The composition of claim 16 whersin the active agent is 2 unit dose of a tocal
sassthetic for administration 10 8 siie in 2 subject in an amousnt effective to achisve nerve

blockade, local nombness, or pain relief at the site.

18 The composition of claim 17 wherein the active agent is af 2 concentration of
160 wi%.

19, The composition of clam 17 wherein the active agent is at o concentration of

540 with.

20, The composition according to any of claims 17-19, wherein the active agent is
2 compound selected from the group consisting of lidocaine, bupivacaine, ropivacaing,

mepivacaine, stidocaine, and a faity acid complex of the compound.

21, The composition according o any of claims 17-20, wherein the composition

consisis of a topical or injectable semi-solid formulation.

22, A method for preventing or relieving local pain which method comprises
administering to a subject in need thereof the composition according to any of claims 17 lo
21

23, The method of claim 22, whersln the administration is by topical application.

24, The method of claim 23, wherein the administration is 1o skin or mucous

membrane,

5. The method of claim 22, wherein the administration is by injection,
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26, The method of claim 25, or wherein the administration is by subcutaneous,

intramuscular, or intraperitonesl injection.

27, A process for the preparation of the composition according to any of claims {-
13, comprising selecting the a semi-solid mixture of one or more monoglyeeride, dighveeride,
or iriglycerides of fow water solubility having the sruetwre of L I, BHL IV, V, av low HLEB
polyglyceryl esters with the structure of Vi

HeS TV} o V) {VH

wherein R, R”, and R™ are independenily s saturated natural fatty acld comprising 8-22
carbon atoms, a naturally ocowring unsaturated fatty acids comprising 16-22 carbons, a non-
toxie organic dicarboxylic acid comprising 6-10 carbon atoms, or 3 naturally oceurring
omnegs saturated or unsaturated hydroxy acid, and n is 1-10; and mixing the semi-solid
mixture with and the substance (o be delivered at an elevaied wmperature to form 3

bincompatible, bicerodible, homogeneous, single phase, semi-solid gel

28,  The process of claimy 27, wherein the composition has a viscosity of 20-2000

ePs at 30° C.

24, The process of claim 28, wherein the substance 1© be delivered is an active

agent.
30, The process of claim 29 wherein the active agent is a local anesthetic.

31, The process of claim 30 wherein the active agent is at 3 concentration of 1-60

with.

P
b33
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32.  The provess of claim 30 wherein the active agent is at a concentration of 548

wi%.

33, ‘The process any of claims 30-32, wherein the active agent is a compound
selected from the group consisting of Hidocaine, bupivacaineg, ropivacaine, mepivacaineg,

gtidocaine, and a fagy acid complex of the compound.
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Fig. 3
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Fig. 6
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