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INGECTABLE LONG-ACTING LOUAL ANESTHETIC SERMI-SGLID
FORBMULATIONS AND TS COMPOSITIONS

{ross-Reference To Related Applicstions

06631 This application claims the benefit of ULS. Provisional Patent Application
No, 61/771,01 1, filed February 28, 2013, the disclosure of which &5 incorporated herein by
referance in its entiraty,

Technical Field

G032 What 15 described herein reiates © a semi-solid lipld matrix as a delivery
vehicle, and a controlled release semi-solid pharmaceutical composition comprising the semi-
sofid lipid vehicle and a local anesthetics agent. The pharmaceutical composition can be in
the form of an imectable or a (opical formulation for controled delivery of a local anesthetic,
which s useful in the reatment of post-operative pain.

Background

1831 Systemic morphing administered via PCA pumps and oral narcotics are the
feading drugs used {o treal post-operative pain, These drugs are very effective but have
sigmificant side effects, mohuding respiratory depression, nagsea, deus, and a potential for
addiction. Due o the addiction polential, these medications are often under-presoribed so that
patients continge (0 experience moderale 10 severe pain in the immediate post-operative
period, Local anesthetios can be used 1o avoid these side effecis. However, the available
drugs are very short acting with a maximum of six (o eight hours of pain refief. Post-
operative pasn typically Iasis more thaw two days. A long-acting focal anesthetics that could
safely release pain medication over two o four days that truly relieve pain without svstemic
side effects would polentially provide a sigmificant advantage over the leading drugs used {0
real posi-operative pai.

(0047 A grear deal of efforts has been made to develop sustained or controlled
reicase local anesthetics drug products, These products may be achisved by
microencapsuiation such as microspheres, microparticies, and implants. The drug delivery
vehicle typically consist of a polymenic mainix from which drug is released by diffusion
and/or degradation of the matrix.

[BBBE]  LLS. Patents Nos, 6,214,387, 6,021,541, 6,521,259 {microspheres},

8,441,718 (implant), descnbe preparation and {esting of many polymers such as
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polyanhydndes, polyviactic acid-glycolic acid copolymers and polyorthoesters used as
biogrodible matnices for the controlied release of local anesthetics. The sctive ingredient,
iocal anesthetics, are typically entrapped of encapssiated i mucrospheres of nucroparticles
which are then introduced into the surgical cavity via mjection, infusion or in the form of
$EE ricannd.

{886  For apphication such as treatment of post-gperalive pain, an analgesic
activity of only a few days would be desirable. Because erosion of polv{DL-lactc acid) is
megsured in months, and even years, and the erosion time of polv{iactide~-co-givophide}
copoiymers is measured i weeks 1o months, these erosion times are clearly not 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 inHiammation.

OB Kamnn ULS, Pat. No. §, 182,835 desenbes encapsuiating iocal anesthetics in
lposomes, such as muliivesicular liposomes, with high encapsulation efficiency and slow
drug release in vivo. Liposomal bupivacaine formulations were also investigated, but in vilro
refeases of less than 12 howrs were gohieved, Commercial products {e.8. Exparcl®) were
found (0 reduce mean pain infensity only during the first 24 hours followme study drug
administvation. U5, Pat, No, 7,053,209 describes a hugh viscosity hgud controlied delivery
SYSieMm USINE nonpolymenic esters or muxed esters of one or more carboxviic acids suitable for
the delivery of active subsiances in a controlled fashion. Unforiunately, this system was not
able {o properiy control release bupivacaine, and the drug product based on i only showed
pain-reliel comparable (o the bupivacaine HOT solution commereial product in a phase I nall

BER] LIS, Pan Naos, 6,813,333, 6,790,458, and 6,561,068 describes g semi-sokid
gelivery vehicke contamns a polyvorthoester and an excipient (0 controd release the active
mgredients. A long-acting meptvacaine was developed using this semi-solid drug delivery
technology. Unfortunately, only about 3 wite of mepivacaine is able 10 be loaded into the
poivorihoesier vehicle due (o the drug's low solubilty in the vebicle {Barr et al,, 2002, Adv
Drug Dot Kev 3401041 -48). Further, the controlied reicase of mepivacaine was only exiended
from 2 hours {0 about € hours in ral amimal model studies. This drug product showed
comparable pam-relie! {0 the buptvacaine BT solution commercial product in a phase I irial

(R0 While the sbove sysiems are useful, their manufaciure processes are
complhicaied, cumbersome and expensive. In addition, they are often assorialed with an miliad
fugher release of drug immediately alier njection (aiso calied “burst”) fotlowed by

inconsisient and poor drug release kinetics, thus fack of reliabilyy in pain rehief in animal

Fod
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studies and human inals, Thers remains a need for controlied release of drugs suitable for
pain management.

SUIRINAry

{B0E8]  One aspect of the description 15 1o provide a semi-solid delivery vehicle
which comprises one low solubiiity semi-solid Lipid and ong or morg modifying excipients.
Each exciptent is fully compatible and readily miscible with the semi~solid bipid and the
resuiting semi-sohid delivery velucle Bas a smooth ang Hiowable texture or soft paste form,
he semi-solid fipuds suttable for the compositions of the description are tnglycendes of
mxed esiers, pariial giveendes of fatty acids, and polyglyeeryi esters in a relatively viscous
iguid of pasie form with an agueous soiubiity of less than .1 mg/ml. Because they are
manufactured from naturai glveers! and fatty acids, they are highly safe and show excelient
biocompatibilily.

(3111 Another obiective of the present descripiion is 1o provide a semi-solid
pharmaceutical composition for controlied delivery of locally or systemically acting active
agenis, in particuiar iocal anesthetics. The composilion comprises one or more {ocal
anestheiics agents and the semu-sohid delivery vehicle,

B812]  The low-solubility semi-solid lipid can be homogeneously mixed with the
modifving excipients and local anesthetios at elevated temperatures 0 form a semi-solid
solution without the use of a selvent. The resulting semi-solid local anesthetics formulation
{or drug product) is either in the form of a relatively non-viscous liguid or g smooth soft
paste, and the release rates of the active agent may also be adiusted 1o accommodate the
desired duration of therapeuie effect. The biccompatible ipid mainx naturally dissoives gnd
miogrodes in the physiological environment, and the local anesthetics is gradually dissobved
and reisased 1o provide ocal anaigesia, Ideally, the semi-solid fipid and the {ocal anesthetics
exhibits similar sotubiiny and dissoiption rate in the physicliogical environment, which may
fead o near 2ero-order refease nelics.

(3] Another aspect of the description 15 a composition for deliverv of a
subsiance, COMPMINNE a semi-scid mixture of one or more monogiveenides, diglyoerides, or
inighveendes of low water solubiiity having the structure of 1, |, HE, IV, V, or low HLEB

polvglyveeryl esters with the structure of VI,
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at & concentration of 40-99 wi%, wherain B, R", and R™ are independently a saturaied natura]
fatty acid comprising 8-22 carbon atoms, 3 naturaily occurring unsaturated falty acids
comprising 16-22 carbons, a non-toxic organic dicarboxyie acid comprising §-10 carbon
ALHNS, oF 4 naturally ocourring omega saturated or unsaturated hyvdroxy acid; nis 1-10; and
the substance o be dehivered; wherein the composition is a biocompatible, bicerodible,
homogeneous, single phase, semi-solid gel. The composition described herein preferably has
& viscosity of 20-2000 ¢Ps a1 30° €, and 1 thixotropic, sither decregsing viscosity with an
mcrease i emperature of with mechanical pressure.

{8034] The composition described herein preferably further comprises g modifyving
excipient comprising a monoghyeeride, diglycende, or iriglyceride having the structure of §,
i, 1, 1Y, or ¥V, wherein the modifying excipient modifies the release Kinetics of the
subsiance 10 be delivered, the dissolution kinetics of the composition, or the viscosity of the
Ccomposiion, The concentration of the modifving excipient is 130 with, preferably 5-30
wi%, more preferably 1o 10-20 wi%%, most preferably is §.53-5 wi%, and in some cases is §.5-
2.5 wit,

{BBEa]  The composition descoribad herein may comprise a semui~-solid mixture that
comprises PGS, SOFTISAN 378, SOFTISAN 645, or SOFTISAN 701, and a modifying
gxcipient that comprises SOFTISAN 701, GELUCIRE 3843, SUPPOCIRE A, GELUCIRE
44714, GRLUCIRE S/ 3, LABRAFILE MIBMCS, or LABRAFIL® M2125CS.

{8086 The subsiance 0 be delivered by the composition described hersin may
comprise an aciive agent. The aciive agent preferably is a unit dose of a local anesthetic for
administration 10 a site in 3 subject in an amount effective © achieve nerve biockads, local
nembness, or pain reliel al the site, preferably al a concentration of 1-60 wit%h, most

preferably at a concentration of 5-40 wi%. The active agent preferably comprises a
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compound sefected from the group consisting of hdocaine, bupivacaine, ropivacaine,
mepivacaing, stidocame, and a fatly acid complex of the compound.

{B8EY]  The composition may be 8 topical or injeciable semi-solid formulation, and
be useinl in a method for preventing or relieving local pain comprising adminisiering (o a
subiect in peed thereof the composition described herein. The composition described herein
may be administered by topical application, preferably to skin or mucous membrane. The
compasition described herein may be admimsiered by ingection, such as subcutansous,
ntramuscular, or intraperitoneal ingection, preferably into the surgical cavity and at different
layers within the wound,

8818} The composition described herein may be produced by seleciing the 3 semi-
sobic muxture of one or more monoglyeeride, diglyeenide, or triglveerides of low water
solubiiity having the stracture of § 1, T, IV, V, or low HLE polvglveeryl esters with the
sirpciure of Vi

-
&b
%ﬂ i lal O :EL
{\ o R ﬁ“’&ﬁ £} ($_J &7 R
R rfkmj { C’/ﬂ\*‘*‘ v 0
Y , ! hig |
& D g (1) 0 {1}
FH SN { pon B

Q \ A /
{GH o k*"ﬁ- Il z\’+

ﬁtu 0
] d ) Iy
4 \H, ﬁm «%0

O (FY) & (V) {¥ 1)
wherein R, R", and R™ are independently a saturated natural fatty acid comprising 8-22
carbon stoms, a natursily occurning unsatgrated fatty acids comprising 1622 carbons, a non-
toxic crganic dicarboxylic acid comprising 6-10 carbon atoms, or & naturally cccurring
omega saturaied or unsaturaied hydroxy acid; n s 1-10; and mixing the semi-solid mixture
with and the substance 1o be delivered al an clevated {emperature (0 form a biocompatible,
moerodivle, homogeneous, single phase, semi-solid gel. The process of making preferably
resuits in a composttion that has a viscosity of 20-2000 ¢oPs at 307 C. The product produced
preferably consisls of a subsiance 1o be delivered that is an active agent, most preferably a
iocal anesthetic, The process preferably produces a composition wherein the active agent is at
a concentration of 1-60 w1%, most preferably, a concentration of 5-40 wi%. The active agent

of the composiiion proguced preferably s one wherein the aclive agent {8 g compound

1%
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selectied from the group consisting of hdocaine, bupivacainge, ropivacaing, mepivacamne,

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

Brief Description of (he drawings

Fig. | shows bapivacaine release from a sernies of differsnt semi-solid composition
containing main lipid camier with modifving exoipients, semsobid 8010 $378/bapivacaine
{953/54, semvisolid B02; [S37R/ETHIEL20Y] bupivacaines (BLE), semisolid 303
FPGDE/GIVANIEGZ20)] Hupivacaine (85735, semusolid 004, [STOGIS/OTVIOV
bupivacaine /G503 (828495, semisolid (05 [S701/G3S/B1(BH20Y] / bupivacaine {86718},
and semisolid 00&; [§701/G3S/01TF0/30)] / bupivacaing {8G/18). 235 mM phosphaie buffered
safine, p 7.4, 377 (.

Fig. 2 shows bupivacame reisase from one single semi-solig ipid (5701} and ths
semi-solid lpid modified with an additional ipid. Semisohd Q05 [ST0VGI¥OIRG A /
bupivacaine (S0/10), semisolid G03A: 570 Ubupivacaine (BO/10). 25 mM phosphate buffered
safine, pH 7.4, 37°C.

Fig. 3 shows bupivacaing release from four differsnt ratios of {wo semi-solid lipid
components: semisolid 003A: [PGDS/GISQIGH/TO / bupivacaine (85/3), semisolid DO3R:
FFGDS/GIG TG0 / buptvacaine {9543}, semusolid G030 {PGDS/GIH0ITHHBG /
bupivacaine {93453, semisolid QO30 [PGDS/GIWOI{BH/ 1] / bupivacaine (95/3). 25 mM
phosphate buffered saline, pH 7.4, 377 C,

Fig. 4 shows bupivacaine release from two different ratios of two semi-solid lipid
componenis: semisohid QU7 A 5645/ BN N 7 buptvacaine (913}, semisolid BUTH:
[SO45/GIG/NIRG2MT 7 bupivacaine {85/3). 25 mM phosphate buffered saline, pH 7.4, 377 (.

Fig. 3 shows bupivacaine release from the same wo semi-solid lipid component
vehicle at thres different drug loading levels, approximately 3 with, 10 wi%h, ang 14 wi'%h
bupivacaine respectively: semisolid O0SMY: [ST701/G3WQRG20Y] / bupivacaine (8043},
semisodid 005 [T LAGISA01EG203 / bupivacaine (B0/10), and semisodid G05M2Z:
{STONGISOHRG AN / bupivacaine {86/14). 25 mb phosphale baffered saline, pH 7.4, 37°
.

Fig. & shows bupivacaine release from three different amounts and volumes (38, 160G,
and 200 mg) of a semi-soiid formuiation: 5378/ bupivacaine (855 in 25 mMM phosphate
iiffered saline, pH 7.4, 37° .

Fig. 7 shows bupivacaine and bupivacaine falty acid complex release from the same
semii-solid hipid vehicle, one containing bupivacame base, semisohd 006 8378/ bupivacaine

&
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{Q5/5}; the other two contaming bupivacaine and faily acid complexes, bupivacaine with oleic
acid and palmutic acid formuliations, semisghic bumvacaine DAL 3378/ puptvacaine DAL
(RG220, semisolid bupivacaine PA: §378/ bupivacaine P& {BO728), 25 mbd phosphate
buffered saline, pH 7.4, VI L

Detaiied deseriphion

Advantages of Diserodibie semisolid depot fechnology

Bisrompatibie and biserodibie semi-solid fipid depot containing bupivacaine

{6818  The formulations desonbed herein provide g prolongsd perod of
bupivacaine release such that therapeutic concentrations of ihe drug are achieved rapidly and
maintained for af ieast 72 hours. The poiential benefit of the prolonged release profile is to
achieve rapid pain relief, maintaining higher levels of active drug af the ste of the pain over
tine (o potentially provide greater relied from pain, and 1o mainiain pain redief for 72 bours
following surgery.

(BB The animal model studies described herein demonsiraie conlinuous reicase
of the pain-relieving agent bupivacaineg for 72 hours.

Benefits of bioerpdible, semisolid depot technolagy:

(6211 Mo significant inttial burst is found in the formulations descnbed herein,
Typically, controlied release ingections are associated with an metial burst (higher release of
drug immediately after injection}. In vitro drug release and animal studies have shown Lhat
sipectables based on our bioerodible semusolid depot lechnology produce Rss post-Iniection
burst that is typically associaied with other commercially available ineciable controlled
refease technologies. Por example, NUTRUPING somatropin of rDINA origin {or injection)
hias a drug refease profile of huge burst {ollowed by very siow drug release.

{80221 Drug concentration in the semisolid depot lechnology deseribed herein can
be as high as 40%, considerably greater than what is typical with other controlied release
technologies. For exampie, a long-acting mepivacaine has been developed using this semi-
solid drug delivery technology in which ondy aboul 3 wit%h of mepivacaine ¢as (o be {oaded
inio the polyorthoester vehicle due (o the drug's ow solubility 1n the vehicle,

(0231 The semisolid depot formulations exhibil described hersin have very low
viscosity, sbout 10,000 mPas or fess at 307 | preferably 1000 mPas or less. Therefore, they
can oo njecied frougn 2 small needic such as 23 gauge or even 45 gauge needies, and will

exhibit minimal pain (simiar 10 agueous soluiion injection) dunng injection. Additonally,
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since the semisolid formulations described herein have a higher capacity for drug loading,
iess volume of drug product is reguired 10 be injected. Small injection volumes and low
viscasity semi-sohd formulations result in easier and fess painfud admmistration. POR semi-
schid formuiations have a viscosity of thousands of mbPas at 30 C, which is difficolt o be
sniecied with a 21 gauge needie,

241 The formulations desonbed herein comprise semischia lipids that are
etvcerides of glycerel with natural faity acids, These compounds ars readily hydrolyzed to
giveero! and free fatty acids by lipase, These compounds are non-toxic, and exhibi excelient
biocompatibility i the body. The formulations described herein are biodegradable,
bicerodible, and fully resorbable. In antmal studies, at two weeks afier dosing, no adverse
efiect of the semi-sohid formuiation on wound heaing was observed, The adminsiration sie
appeared (0 be pinkish, and {he sCialic nerve appeared 1o be pormal, no inflammauon,
necrosis, sieeraton, or infection was ohserved,

180257 Compared (0 microspheres and other polymer-based controlled release
sneciabie systems, the semisolid formuiations deseribed herein are readily manufactured at
iow Cost. The active ingredient{(s) and semi-solid vehicle components are simply mixed &
withoui the use of soivents af relatively low clevaled temperstures. Note that since we are
using semi-solid lipid and low-melting point lipid (less than 507 €, and most probably <40°
) (modifyving excipient), therefore, the mansiactunng process can actoally happen at about
60° L.

{026 Further, the formulaiions descnbed hergin can be admnisiered directly for
site specific delivery. Since the formulations provide a sustained drug release over a period of
days 1o 8 month resulling i increased duration of pharmacoiogical sction, and reduced
frequency of drug adminisiration. The formulations also produce reduced side effects {due 1o
iocal drug delivery) when compared with sysiemic adminisiration. The ease of use should
proguce improved patient comphiance.

Celinifions

JE0E7E Al techmmcal and scientific terms are used herein according to thew
conventional definitions as they are commonly vsed and undersiood by those of ordinary skill
it the ard of drug delivery. Specific terms for the descniption herein will be defined below.

(B028] The torm “semi-solid” denptes the physical state of 4 material that is
flowable under 3 moderate pressure. More specifically, the semi-sohid material has a viscosity
of less than 10,000 cps {mPas) at 307 €. One of the excipient component can have a

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

&
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imgredient, the overall viscosity will be reduced 10 hundreds of cps for the final
formuiation/drug product.

FBG28T  The term "thixotropic”™ means a shear thinning property of a fiuid or gel
material when miixed or agated. Certammn geis or fluids that are thick (viscous) under static
conditions will How (become thin, less viscous) over time when shaken, agitaied, or
ohierwise siressed, They then take a fixed me (o return {0 3 more viscous siate, Many gels
and colloids are thixotropic materials, exhibiling a stable form at rest but becoming fuid
when agitated. Thixotropy is the tendency for the viscosity of g liguid (o decrease when
subjected (0 shear. Thixolropie ndex 1s the ratio of two viscometer readings. The higher the
difference in the two readings, the more thixotropic the material is, and easier (0 move. The
termn HuXOOpC 15 used i its convenlional sense {o refer (0 a gel composition {hal can
fiquety or af least exhibit 3 decrease in apparent viscosity upon application of mechanical
force such as shear forge, The extent of the reduction 1510 part g function of the shear rate of
the gel when subjected 1o the shearning force. When the shearning force 15 removed, the
viscosity of the thixotropic gel returns 10 3 viscosity at or near that which # displayed prior (o
being subjecied to the shearing force. Accordingly, a thixowropic gel may be subjected o g
shearing force when injected from a syrings whieh temporaridy reduces s viscosity durng
the mnjection process, When the mjection process 1§ compisted, the shearing force 1s removed
and the gel returns very near 10 s previous state,

TR A Tihixotropic agent” as used herein is one that increases the thixotropy of
the composition in which it is contained, promoting shear thinming and epabling use of
reduced injection foree.

(B3] The term “bioerodible” refers (0 a matenal that graduaily decomposes,
dissolves, hydroivzes and/or erodes in site. Generally, the "bicerodible” semi-solid lipids
deseribed herein are materials that are hydrolyzable, and bioerode in sitw primarily throogh
both Hipoivsis and hydrolysis,

32]  The semi-solid lipids, sodvent and other agents of the desenption must be
“mocompatibie”; that 1s they must nod Ccause writlation or necrosis m the environment of use.
The environment of use 15 3 Hhud ensvironment and may COMPRIse a subCcuianecus,
intramuseniar, intravascular (highflow flow), intramyocardial, adventitial, intratomoral, or
intracerebrai portion, wound siles, tight joint spaces or body cavity of a human or animal,

Low-seiubility semi-solid Bpids of (e lormulation

03] The semi-soiid Bipids useiul i the formulation descnbed hersin are a

mixiure of one or more monogiveendes, diglycendes, or ingiveerides of low waler solubthiny
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having the structure of L L L IV, V, orlow HLB polvglyceryl esters with the structure of
Vi
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wherein R', R”, and R"™ are independent falty acid moiety or hydrogen, and n iz 1-1, The
fatty aowds include saturated natural fatty scids containing 8, 9, 10, 11, 12, 13, 14, 15, 1§, 17,
i 8, 19, 28, 21, or 22 carbon atoms, preferably 8-18 carbon atoms, such as caprylic scid,
capric acid, faunc soid, myristic acid, palmitic acid, steane acid, arachidic scid, or behenic
acid; or naturally ocowming mono-unsaturated fatty acids such as palmitoleic acid, cis-
vaccenic acid, or oleic acid; or polyvunsaturaied fatly acids such as linoleic acid | e-linolenic
acid, arachidonic acid, eicosapeniasnoic acid, and docosahexaenoie acid; naturally occurring
omega saturated and unsatorated hydroxy scigs such gs 1&-hydroxy palmitic acid, 18-
nydroxy steanic acid, -hydroxy-docosanoic, 1 S-hydroxy-hexadecanoic acid, 17-hydroxy-
aciadecanoic acid, Z2-hydroxy-pleic acid, 2-hydroxy-linoleic acid, or ricinsleic acid;
additional naturally occurming falty acids such as vernolic acid or furanoid fatly acids; and
finally non-toxic orgamc dicarbaxylic acid containing 6, 7, &, 9, or 10 carbon aioms such as
adipic acid, azelaic acid, or sebacic acid which can be wsed along with other fadty acids. &
siall poriion of these acids can be added 1o the Tatty acid mixtures and react with slyeerol ©
produce the mixed esiers.

B034]  In addition, polyglveeryl esters with an HLB value of less than 4 and
moiecuiar weight of less than 2,000 dalton, such as polyglveeryl-2-diisostegrate (HLEB=3.8),
polygiveeryi-1{-decacicate {HLB=3.5}, or polyvgiveeryl ester of mixed vegsiable fatty acids
(HELB=2.3), are algo useinl semi-solid vehicle.

{ERS]  Trigiveerides are typically manuiactured through direct esterification of
glyeerotl with defined falty acid blends and have thersfore precise composition and propeiies

{regarding meiling point, poianty (hydroxyl value), and consistency). Partial glycendes are
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esters of elycerol with fatty acids, wherehy only g part of the existing hydroxyl groups arg
esterified. Some hydroxyl groups within the glyvcersi sster are free contnbuling 10 the polanc
properties of the matenal.

[B036]  The semi-solid lipids compositions i the present description comprise
righyeerides, diglveerides, and monoglyeerides of mixed esters in a relatively viscous liguid
or pasie form with an aqueous solubslity of fess than 31 mg/mi. Glycendes of short-cham
fatty acid with aliphatic tals of fewer than six carbogs (Le., butyric acid) and glycerides of
medinm-chain fatty acids with aliphatic talls of 6, 7, §, 8, 10, 11, or 12 carbons are typacally
in the form of mobile Houid and are difficull fo form a long-lasiing depot in the human body
at the body temperature of 377 C and physislogical pH. Tnglycerides of loag-cham fatty
acids with aliphatic tails 13, 14, 153, 16, 17, 18, 19, 20, or 21 carbons, and very long chan
fatty acwds with aliphatic iails longer than 22 carbons typically have a higher melting pont
and are more Hkely o be g hard waxy solid 8t room temperature, Ag the number of fatly acid
carbons increases, the solubility of the formed riglveerides decreases in the human dody.
Therefore, the triglyeerides of mixed ssters and partial glycerides of faity acids vselul for the
formulation described herein are mixed esters containing medium chain faity acids, Mynstic
inglveeride, palmitic righyeeride, and steane inglycernide are in the form of sobid powder or
flakes with a meling point of 379 C, 63° €, andfor 71° { respectively, Fatly acids with
aliphatic tatls of 6, 7, §, 8, 10, 11, or 12 carbons, which have high polanty and therefore
exhibii superior solvent characieristics for active drugs, and long chain fally acids with
aliphatic tails 13 o 21 carbons which (ends to increase melting poind and hardness, $o &
proper mixed esters containing both medium-chain and long-chain {aity acids can be i {he
physical form of a soft paste,

(G837 There are readily available commercial mixtures of giveendes, Por exampie,
SOFTISAN-378 (8378) Is o mixture of caprvlic/capric/myrnistic/steric nglycernides,
containing all four types of falty acids, is an off-white o vellowish soft paste with a drop
point of 38-42°C, and this matenial 15 practically insoluble i water at 2070 {with a waler
sofubility of less than 8.1 mgfmb), At 40°C, after tas malerial being melied and become a
Hauid, it has a dynamic viscosity of only 30 mPa.s. For this type of glycendes of saturated
fatty acids, the medium-chain faity acids play the role of solubilizing the active ingredient
into the semi-solid lipid, while the hydrophobicity/flipophilicity of long-cham falty acids s a
main facior controliing drug release, control the slow erosionfdissolution of semi-solid lipid,

and the release of the aclive mgredient.
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TOG3R] Viscosity also plays a role in controlling the release of aclive mgredients
from the semi-soiid depot. Other falty acids such as omega saturated such as hydroxysienic
acid (and unsaturaied hydroxy acids) which tiends (0 increase viscosily of the material, and
other non~-ioxic organic dicarboxviic acid to increase polanty of the material and solubility of
the active drugs. These functional groups such as hvdroxyl groups (<OH) and carboxylic
groups {(~CO0H), can fonm intra and intermolecuiar hydrogen bonding, and can increase the
viscasity of the giveerides of saturaled {atty acids. They can also form molecular interaciions
with drug molecules, and coninbule 0 retain the active ingredient inside the semi-solid
depot. For exampie, caprylic/capncisosienc/hydroxyi-stencfadipic giveerides is a mixed
ester of a relatively viscous yellowish liguid with g viscosity of approximately 6000 mPa.c at
28° O, and this material is practically insoluble in water {with a water solubility of less than
U, mgdmb), Introdocing hyvdroxyi-stene fatty acid with hydroxy! groups and adipe
dicarboxyiie acid with carboxylic groups change tus mixed ester inio a high viscosiy higud,
When additional hvdrophobie steanc acid 1s introdoced, the resuliing matenal
{caprylic/eapncfisostenic/hydrox visieanc/steanc acidfadipic glyeerides), becomes a sticky
paste with z viscosity of about 540 mPa.s at 50 C.

(G839 Unsatursted ghyveerides with naturally occwring omegs unsatpraied hydroxy
acids, and monounsaturated and polyunsaturated fstty acids typically have a lower melting
ooint and are mors ikely 1o be geid or soft paste. Some vdroxyl groups within the glyeerod
gster are free contnbuling (o the polanc properties of the malenal, and poiential gooad
solubility of active ingredients, Bspecially, glveerides of unsaturated hydroxy acuds show
gven belier soinbifiy for low solubtiity active mgredienis gue 1o the presence of hydroxyl
groups. For example, ncinoieic acid partial giyveerides 1s a while to yellowish paste with a
viscosity of approgimately 500-600 mPas at 30° C, and this material is dispersible in water.
{ther unsaturated partial glycende examples are glveeryl oleate, giveeryl linoleate, glveeryd
Linolenate, glveeryl hvdroxyelsate, glycery hydroxyhinoieale, and givesryl monoleate
inoleate, and glveeryl monooleate. Since these matenials contain unsaturaied components,
interaciion with oxygen must be considered. Antioxidant(s) may be added 1o the maierial ©
increase stability,

{00481 Polygiyeeryl esters are formed chemucally by estenfication of fatly acids,
largely saturated or mone-unsaturated, (o ong or several bydroxyi groups of polyglycerol with

the structural fonmuia, Vi
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where the value of n 15 not more than 10, preferably fess than 4, and K, ®", and R™ each may
be a fagy acid moiety or hydrogen.

{3848 Only 30 to 530 % of the total amount of hydroxyl groups typically ase
estenified by fatty acids. Normally, they are used as emulsifving agents due to theiy
amphiphilic characiensiics. Almost all the commergially available polyglveeryl esiers ars
refatively hvdrophilic, with g high hydrophilic-hipophilic balance (HLB) value of greater than
4, and are either solubde in water or dispersibie in water, They are used as waler additives and
sroducis, and are not hydrophobic enpugh (0 be used as a conprolied semi-sodid delivery
vehicle,

B842]  However, polyglyveeryl esters such as polyelveeryl-Z2-diisostearate
{(HLB=3.8}, polvelveervl- 1-decacleate (HLB=3.3), polvelveeryl ester of mixed vegelable
fatty acids ILB=2.5), bis~-digiveeryl polyacviadipate, diglveernin lavrate, diglyoerin
mvristate, digiveernin oleate, and polvgiveeryl nomoieate with an HLB value of not more
than 4, preferably iess than 3, can be used as a semi-soid vehicle component. They can be
gsed as ol additives due o their low hvdrophilic-lipophilic balance vaioe, and are fully
compatibic with semi-solid lipid vehiclie components. They typically exisis as a viscous
liquid due o the presence of multdple hydrosyl groups, and will become o s0f paste when a
solid Hpid was added as a3 modilving excipisnt. The molecular weight of the polygiyeeryl
esters shouid be less than 2,000 Dalton, preferably fess than 1,500 Dalton, more preferably
not more than §,.000 Dalion. For exampile, polygivesryl-Z-diisostearate {HLB =3.8} 15 shightly
yveliow viscous higuid, when g waxy sohid ipid G389/ {a glveeride of CI2-CI8 fatty acids) is
added, the mixture becomes a soft paste. Polvglveervi-l-decacleate (HLB=3.53) 15 a viscous
figuid, when g waxy solid hpid 38401 (a glycende of C12-0018 fatty acids) is added, the
mixiure becomes a soft pasie.

{Hk3] The useful semi-solid lipids {trigiveerides of mixed esters, partial glvcerides
(inciuding monogiveerides and diglycerides) of fatty acids, and low HLE polygiveeryl esters)
shouid be fvdrophobic enough, and have low solabiiity with an agueous solubiiny of less
than | mg/mlL in physiological pH buffer at 37° €, preferably less than .1 mg/ml. They are

i the form of either a soft pasie, or & viscous hguid 8t roon temperature,
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38441 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
getive ingredients can {orm a defined long-lasting depot once adminisiered inio the body at
37°C, and will gradually degradeferode, and be dissolved into the body liguids, and the semi-
sofid hipids will eventually be hydrodyzed 1o natural free glveerol and free fatty acids by
lipase through a process called bpolysis.

1 he moGiying excipients

A5 The modifying excipients susiable for (he prosent deseriplion are
pharmacsuiically acceptable and semi-solid lipid compatible matenals, These matenais can
be wn the form of hgud, semi-solid, or solig at room tenmperature, and are fully compatible
with the semit-solid hpid (o form a single phase semi-sohid delivery venicle for active drugs.

4%} More specifically, suiiable modilying excipients can be also inglyeendes of
mixed esters and partial glyeerides of faity acids as descnibed mn the main semi-soiid iipid
vehicle. Since these modifyving excipients are structurally similar o the main semi-solid ipid
vehicle, they are expected 0 be fully compstible. Physically, these matenails can be in the
form of hguid, semi-solid, Or solid at room temperature, and should aiso have low solubilily
with an agueous solubility of less than | mg/mL in physiological pH boffer a1 37° C,
preferably less than Q.1 mg/mL. The modifyving excipient is preferably to have comparable
sedubility as the main semy-soiid Hpid, If he modifyving excipien is (00 hydrophilic and water
seduble, it will cause a significant burst of the active drug{s), sspecially when the active drugs
are relatively soluble, which may cause undesirable side efiscts. i the modifving excipient 15
signiticantdy more insoluble than the mam semi-soiid Hpid, i1 will retan o the body
significantly longer when the active drug and the main semi-solid lipid is completely
dissolved and resorbed by the body.

HE47E  The purposes of aading modifving excipients o the main semi-sohid Bmd
vehicle s o modify the textureg or consistency of the vehicle, o modify the release Kineties of
the active drugs from the delivery vehicle, 1o reduce the viscosity of the main lipid vehicle,
and finally fo ensure the final drug productfformuiation remain as a iong-iasting well-defined
depot 10 control the gradual release of active drugs. Any one of the 3 types of the useiul semi-

solid lipids, triglycendes of mixed esters, partial glveendes of fatty acids, and low HLB

polvglveervl esiers, can be used as a modifying sxcipient, which will be a mixture of two
semi~solid hipids. Another type of vseful modifving excipient 15 a sohid wnigiveende,
diglyeeride or monoglyveeride with 3 melting point of less than & O, preferably arcund and

siightly above body temperadure {(35-50° ). When the melting point gets oo high, it will
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cause the hardening of (he semisolid vehicle during storage, and thus solid inglveenide or
partial glycerides could retain the body significantly longer. For example, solid tinglveerides
and partial glvcerides with a meiting point of arcund and slightly above body temperature are
typically i the form of waxy solid, and can serve as a lubricant to reduce the viscosity of the
refatively viscous Liguid or paste. For example, a V20 wi% of g inglyveenides of CIG-CIE
fatty acids {(S138), hydrogenated coco-glvcerides (a differem percentage mixture of CIOCI8
fatly acids with meitng pomis from 23-30° O}, glveeryvi laurate, giveeryl mynstate, glyvceryl
palmuiate, giveeryl monosiearate, glyceryl hydroxyl stearate, or g glyveeride of C12-CIE fatty
geids (G381 with a meliing point of 3740 C, a giveeride of Ci0-C18 fatty acids
{Suppocire A with a melting poird of 35-36.53 €, siveeryvl cocoate {(glveery mono-, di-,
ricococate ), hydrogenated palm/palm kernel oifs (3 mixture of mono-, di-, and triglyeerides
with dilferent percentage of UG, U112, U4, C16, or U118 falty acids with melang pomids from
20-45° (7}, can be added 1o the relatively viscous yellowish Hauid of
caprylic/eapric/isostenic/hydrox vi-steric/adipic glycerides {a mixed ester), and changed the
delivery vehicle 1o a relatively non-viscous soft paste. This could not only make the semi-
solid depot 2 more defimed shape in the body, and polentially prolong the drog release

duration, but aiso improve the syningeabilily of the semi-solid formulation.

{B348] The concentrations of modifving excipients in the delivery vehicle may vary.
For exampie, the concentration of the excipient in the vehicle may be in the range of shout -
33 wi%, preferably abou 3-30 wi%, more preferably about HR20 w1%.

BG4S Additional further modifving excipients can be added to further modify the
properiies of the semi-sohd drug delivery vehicle, It would be ideal (o simply use the main
semi-soiid pid alone of in combinalion with ong modifying exciptent to form the drug
delivery vehicle to mest the drug delivery demands for the active drugs (1o schieve the

desired drug reiease profile and duration). However, if needed, another small amount of

ancther pharmacewtically excipient can be used for example o modify the dissolution rate of
the veiicle anddor the release Kinetics of the active drugs from the delivery vehicle. For
gxampie, macrogolgiveenidesfpoivosyiglveendes are mixture of monoesiers, diesiers and
triesters of glyeol and monoesters and dissiers of PEG {macrogols), which are obtained by
partial aicoholysis of vegetable oils with PEG. Suitable excipients include laurovi polyoxyi-
FZ-ghveendes {Gelucire 44/14), sierovi polvoxyl-32-giveendes (Gelucive 31 33, oleoys
polvox vi-G-glvcerides {Labrafill M 19445}, noleovl polvoxyi-a-glyveenides (Labrafill
MZTIS0SS, aurovl polyoryvi-O-giveendes {Labrafill M2 13005}, caprviocaprovl polvoxyi-§-

giveernides {{.abrassl}, and the like. These esters of polyvglveniized ghyvcerides can act g5 2
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aon-ionic solubilizer/femulsifier for the active drugs and semi-solid vehicle, The
concenirations of this type of modilying excipienis in the delivery vehicle 15 low, probably in
the range of about 110 wit¥, preferably about G533 wi%, more preferably abont 8.5-2.5
Wi,

T e delivery vehicie of the formuiation deseribed herein

358 The delivery vehicle comprises one main semi-soiid Hipid, and one or more
modifying excipents selected from those described in the preceding section. The dehivery
vehicle can be prepared by mmmg of blending {ogether (Be main sem-solid lipid and (he
modifving excipients homogenousiy. The mixing and blending can be performed by any
micthods or using any suitable devices to achisve 2 smooth homogeneous and non-sticky
semi-solid mixiure at an clevaled {emperature without the use of any soivents.

Locsl anesthetic semi-solid pharmaceuticsd compositions

(8053 Local anesthetics induce a temporary nerve conduction block, and a local
anaigesic effect for pain reliel in surgical procedures, dental procedures, and injuries.

3521 Chnical local anssthetics beloas (0 one of two classes: amide and sster local
anesthetics. Amide local anesthetics include articaing, bupivacaine, cinchocaing/dibucaine,
stidocaing, levobupivacaine, idecaine/lignocaing, mepivacame, priocaing, ropivacame and
rimecaine. Ester local anesthetics include benzocaine, chloroprocaine, cocamne,
cyclomethyeaing, dimethocane/larooaine, piperocaing, propexycaing, procaine/novecaine,
proparacaine and ietrscamefamethocaing, 1he iocal anesthetics may be present as the {res
Base, or a5 an acid acdition sall, or as 8 mixture thereol, A mixture of two different loeal
anesthetics or a muxture of the same local anesthetics in two forms, the free base form and the
acid addition salt, may be used o achicve the desired pharmacological effect and release rate
ang duration.

FB853]  The semi~solid injectable form of a local anestheiic of the present description
may be prepared by mixmg with (he delivery vehicle afready formed or directly mixed
tnpether with the main semi-solid lipid and the modifving excipients. The local anesthetic
may be first milied into fine particles before mixing with the other ingredients, The
mechanical mixing process 15 performed at a switable {emperature (o compiciely melt the
semi-solid lipid and modifving excipienis inie g soluiion, and completely dissolve the aotive
drugs into the delivery vehicle 10 from a clear solution. Yacuum may be apnlied o avold ar
bubbles, and mrogen may be applied 1o reduce oxidation of active drugs and the delivery

vehicle components. After achieving a homogensous and uniform pharmaceutical

18



CA 02903020 2015-08-28

WO 2014/134586 PCT/US2014/019704

composition, the local anesthetic semi-soiid formulation can be copled down o ambient
tEMPErAture.

{BUS4]  The amound of focal anesihetic present in e COMPOSIHON CAN Vary over a
wide ranges depending on the a number of factors, such as the therapeustically effective dose of
the active drug, the desired duration of biclogical or therapeutic effect, and the refease profile
of the composition. The concentration of the sctive ageni may be i the range of about 1-60)
wi%, preferably about 540 wit, or more preferably 1040 wi%, most preferably 16230 with.

0551 The concentration of the main senui~solid Hpid may be in the range of about
43-99 wi%, preferably about 30-80 wi%, and more preferably about 70-80 wi%. The
concentration of the fivst modifying excipient may be in the range of abowt 1-30 wi'%,
oreferatly about 2-30 wi%, more preferably about 20 wit, The concentrations of the
seoond type of modiiving excipienis may be n the range of abowt L1-10 wi%h, preferably
about §.5-F wit%, more preferably about (1.5-2.5 wit%h. In addinon, other pharmaceutically
acceptable agents such as antioxidants, preservatives, and other mert agenis sgch as coloring
o Flavoring agents may be added.

{6561 This local anssthetic semi-s0iid pharmacentical composition of he prasent
description has g smooth non-facky semi-sohid paste. Therefore, the composiion can be
conveniently apphied onto already-open sies such as surgical wounds/sie or exposed skin or
mucous membrane, or hlled o syringes with & 21-35 gauge needle for subcuiansous,
intradermal, intramuscuiar, epidural or mtrathecal injection.

ST Alter topical applicaiion or administraiion by imection, the aclive agent 15
released from the composition in a sustained and controlied manner, The rate of release may
be regulated in a variety ways 1o accommaodate the desired duration of (herapeutic effect. For
example, the rate may be increased or docreased by using difforent levels of low solubility
semi-s0lid lipids and different levels of low solubility salts of the active agents with acids, &
sy ais0 be altered by seiecting different modifving excipients or by changing thelr amound,

or the combination thereot.

Fhigrmaceniicnl uses

{BG58;  The local anesthetics semui-s0li¢ pharmacesiical composiions of the present
description can be topically applied onio already-open sites such as skin or mocous
membrane, of filled o syringes and divectly injecied inio the surgical cavity and at different

lavers within the wound, such as across the penitoneal incision and directly below the skin
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incision. This drog product enabies locghized treatment of both the incisional and deep
viscerg! pain components normally associated with moderate and major surgery. 16is drug
product provides pain relief for the first three days following surgery when pain is most
detilitaling. This product has (e polential 1o be widely used 1o manage post-operative pain
following moderate/major surgeries, &.2., abdonunal, gyascological, thoracie, or erthopedie

SUFECTICs.

{verasdl oriteria for the velucle componenis

{, High hydrophobicity and low-sobability

The usciul semi-solid hipids (nghycerides of mixed esters, partial glveendes of fatly
acids, and low HLEB polvgiveeryl esters) should be hydrophobic enough, and have low
solubility with an agueous solubility of ess than | mg/mi in physiplogical pH bufter at 37°
{_. preferably fess than 0.1 mgfmi..

2. Semu-solid physical form

They are i the form of cither a soft paste, or a viscous liguid al room lemperature.
Semi-solid matenal 15 a third physical {form that s intermediate between solid and hguid.
These maierials do not undergo s physical change when injected, which demands 8 Viscosily
fow enough 50 the injection can be performed with standard needies,

3. Well-defined semi-soiid depot at 37° O after being injecied inio the body

4, Good compatibility {one single phase semi-sohid solution), Similar chemical
structures for the semi-solid bipid and modifving excipienis

dMain semi-solid lipids: miglycenides of mixed esters, partial giveendes of fatty acids,
and Jow HLB polyglyceryi exters

Modifyving excipients: 1. same a5 main semi-solid lipids; 2. solid inighycerides
{specific melting point range; or 3, pharmaccuticaily accepiabie non-1OnIc
soiubilizersfemuisifierns

5. Biocompatible, hioerodible and fully resorbable

&, Non-toxic {safety)

Lxamples

i. Prepargiion of Pharmaceuiical Composiiions

%Y The semi-sobid ocal anestheiic pharmaceutical compositions below were
prepared as follows: The local anesthetics, semi-solid bpid, and modifying excipients were

added 1o a glass container, and then heated to about 6% C to 95° T depending on the
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properiies of local anesthetics and the vehicie components used © compisiely mell semi-solid
npid and modifying excipionts mio a soluhion, and completely dissolve the active drugs info
the delivery vehicle to from a clear splution while mixing, After achieving 8 homogenesus
and uniform pharmaceutical composition, the jocal anesthetic semi-solid formulation can be
cocied down 1o ambient tomperature naturally.

A 63 wi% of 5378 : 44 wi% of teirgeaineflidocaine (1:2)

After heating (0 60 O, all components were meited, and the two local anesthetics were
dissoived o form a clear solption and became a sem-transparent soft paste after cooling
down {0 room emperature,

B. 85 wit%e of 3378 ¢ 15 witt% of Lidocaine/bupivacaine (21 1)

Atter heating 10 20 C, all componsnts were melied, and the two local anesthetics were
dissoived 10 form a clear solution and Decame 8 whitish sofl pasie after cooling down 10 room
femperature,

(., 50 with of 5701 1 40 with of Ldocaine/bumvacame {301}

After heating to 60° C, all components were melied, and the two local anesthetics
were dissoived o form a clear solution and became a transparent shightly viscous biguid after
cocling down 1o room emperalure,

£, 80 witith of 870138 (4:1) ;10 with of bupivacaine

After heating 10 8907 O, ali components were melied, and the local anesthetic was
dissoived (0 form a clear solution and Decame 3 semi- iransparent soff paste afier cooling
down 10 room lemperature.

£, 80 wi%h of 5645 20 wi% of lidocaine

After heating o 80% C, all componenis were melied, and the local anesthetic was
dissoived 1o form a clear soluiion and became a ransparent shghtly viscous higuid after
cocling down {0 room temperature,

F. 75 with of 8645 25 wi%: of lidocaine/bupivacaine (4:1)

After heating to B ) all components were melied, and the local anesthetic was
dissoived o form a cleay soiution and became a transparent slighidy viscous higuid after
coacling down 10 room emperaiue.

The following commercial products were used, which are avaiiable in GMPF guality
and guantiy.
§G§‘ﬁ§%ﬁ3’?8%capryi:c!capmimgnsucfsatemmgiycea‘ede“s“m“ .
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&« in vitre relegse dada

Freparation of semiselid Pharmacenfical Composiiions

[ 3868]  The semi-solid local anssthetic semi-solid pharmacentical compositions
below were prepared as foliows: The local anesthetics, semi-solid hipid, modifving excipients,
andg fatly acids {olec acud and palmitic acid) used 0 complex wiih bupivacaine were added (o
a3 glass container, and then heated to about 807 C 1o 937 € 0 completely mek semi-solid lipid
and modilving excipienis inio g solution, and compleiely dissolve the active drugs into the
delivery vehicle to from a clear soluiion while mixing. Aflter achieving 3 homogeneous and
uniform pharmaceutical composition, the iocal anesthetic semi-solid formulation was then
coied down o ambieni iemperature naturaily. The semi-soiid formuiations described herein

appeared 4s a semi-iransparent or opagus soft pasie.

semisolid 801 3378 /bupivacaine (95/5) or (83 witth / § witth)
sernisolid G02: [S37EAT0BO20Y] bupivacaine (B8}

semisolid 003 [PODSA3YOT RO/ 20V Supivacaine (85/5)
semisolid 004 [S701G39/01 90/ 1M bupivacaine /G301 3 (82/4/9)
sepvisolid 005 {ST0IAG3ISOIBHZ2G] / bupivacaine (S 10}
semisolid D06 [ST0VG3SOTH IO / bupivacaine B/
semisobid G058 [FT01/G38/01{RO/203] / bupivacaine {8%/1)
semisolid 805 A: 870 oupivacaine (B 1)

semisolid 003A: [PGDSG3/0137)Y 7 bupivacaine {895/3)

25
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semusobid O038: [PGDE/G3WAOIGHEM] 7/ bupivacane {95/5)
semischd 0030 [PGDS/G3/0ITH3M] / bupivacaine (95/5)
semisolid BO30: [PGRSAGIRAQIBH 0] / bupivacaine {(895/5)
semisolid Q07 A [B&45/G3W0 00/ 7 bupivacaine (85/3)
semisoind OO7E,; [S645/GIBOTEGI0Y 7 bupivacaine {853/5)
serisodid 005: [S7T01/G3S0HEW20] / bupivacaine {80/
semisolid QOSM §: [57017G3%01EI203] [ bupivacaine {(85/5)
semiisolid DOSME: [FT0VGIWGH{BO2L)] / bupivacaine {B&/14)
semisolid bupivacame = QA 8378/ bupivacaine OA: (807203

seimisoiid bupivacaine « FA; 8378/ bupivacaine PA: (83205

S. in Vitroe Urug Kelease

(BRI Porin vilro reiease determination, about 50 mg of sach semi-solid
formuiation was weighed and enciosed i a poroos semi-permeable membrane, and then
piaced o glass botties with screw caps. 180 mb of 25 mM phosphate salime buffer (P85),
i 7.4 was added 0 each boide, The iest botiles were transferred (0 a 377 € oven without
agitation. Al various time points, boitles were removed and samples of about | mi were
removed and analyvzed for local anesthetic bupivacaine content by UY-Vig at 220 am. 4% mL
of the buffer in cach test bottle was removed and replaced with 50 mi. of fresh bufter so that
the PR S buffer in each botide was mainiained af 1606 mi.

{E062]  The drug release profiles of ali the lisied semi-sohid compositions are
summarized in the Figs, 1-4.

Mechanism for controlled relegse of the formuistions dgescribed herein

{B863]  When the ipophilic semi-sobd formulation 13 placed inlo an aguenus
environment, waler wili diffuse inio the semi-solid Upid matnx, the active ageni on the
formulation surface will first gradually digsolve o the sprrounding agueous media, As
waler penetraies inio the semi-solid ipid matrix/depot, the semi-solid Bipid vehicle erades,
hoth by surface and balk erosion, and gradually dissolve inio the surrcunding agueous media,
the active agent inside the matny/ depot will also gradually diffuse out and will be rejeased
o the surrounding aqueous media, thas the active ingredient 15 released from the semi-solid
miabrind depot in a susisined and controlisd manner.

Faciors that affect the drup releage rate

Gy
ot
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[O0B4E]  The release mate of active agent 1s affected both by the semi-sohid hipid
vehicie componenis and the active ingredient, and can be regulated in a vanely ways ©
accommodate the desired duration of therapeuiie effect.

{BU65]  For the semi-solid lipid vehicles, the release rate of active agent can be
increased or decreased by gsing different levels/amounisfratios of low solubility semi-solid
pid velncles with dilferent water solubilities and dissolution rates. As waler soiubility and
dissoiution rate of the semi-solid lipids decrease, it will take longer for the semi-solid lipid
depot to be dissolved and absorbed, thus resulting longer duration of drug release as long ag
the active agent exhibits sufficient low solubility,

PBe6G]  This semi-solid Hipid vehicle can employ one single low sclubiiity semi-sohid
bipid, if this semi-solid lipid slons can achieve the desived duration of therapeutic effect. The
main fow solubility semi-sohd Lipid needs 10 De compatibie with (he active agent, and needs
o have good sclubiliy for the active agent so that suthicient drug loading can be achieved for
the desired daration of therapeutic effect.

6T In many cases, two or more low solubility semi-solid lipids need (o be used
as the drug delivery vehicle. A secondary lipid component can be added 1o the main semi-
sofid Hipid vehicle in an effort 1o adjust the release rale of active agent. Again, this additionsl
lipid component aiso needs 1o be compatible and soluble toward the active agent. In addition,
this additional lipid component can be used to modify the viscosity of the semi-solid linid
vehicle, and the fexiure and consistence of the drug delivery vehicle and the final drug
product.

B868]  The semi-solid lipid vehicle(s) including the main lipid vehicle and the
modifying vehicle will maunly determine the duration of drug release and how long the
vehiucle will be completely eroded and dissolved in vivo., Purthermore, o small percentage of
third modifying excipient a can be added to further Nine-tune the drug release rale, and
erosion and dissolution rate of the semi-solid lipid vehicle,

D869} For the active pharmaceutical ingredient, in order 1o develop a long-acting
iocal anesthetic drug product, one first need 10 select an appropriate local anesthetic drug for
the targeted indication, since there are currently about 20 jocal anesthetics available, and each
drug has their own physical and chemical properiies, water solubility, potency, and suitable
indications. The selected drug needs (o be compatible with the semi-sohid hpid vehicle
components, so that sufficient drug can be loaded o the delivery vehicle and there should
pe no chemical reactions between the active agent and the vehicle components, and the drug

itself s siable duning manufaciuning, processing, and storage.
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{0781 Once the drug is selected, then the form with low water solubility, preferably
lower than 4.1 mgfml, will be employed since 3 lot of drugs ¢an be 10 the form of iree base
or free acid, or salt forms. For exampie, bupivacame can be i the form of a free base or a salt
such as bupivacaine hydrochloride which is widely marketed in conwnercial products under
varions rade names, mclnding Marcan, Marcaine, Sensorcaine and Vivacaine, The HOI salt
of bupivacaing has a water solubility of 600 mgf/mi (BASE MBI sheet), while the free hase
form of bupivacaine has a predicted water solubility of G.0977 mgfnd. (DrugBank data). In
addition, if there 5 a need 1o further decrease the water solubility of the drag bupivacaing,
one can convert the bupivacame inio a salt with falty acids and other low solgbihity acds,

[B878]  Bupivacaine can be readily converted 1o 2 salt with satursted or sisaturated
fatty acids such gs igunie acid, mynstic acid, palmitic aoid, and oleic acid. Uther low
solubilily non-toxic orgamic acids such as pamoic acid ¢an also be used. This conversion can
not only further reduce bupivacaing water solubility, but also increase s compatbility and
soubibity in the semi-solid vehicle, bupivacaine can be converted nio 3 sait in advanes
before being incorporated into the semi-solid vehicle, or can be added indo the semi-solid
vehicle simultansousty at 8 Il molar rano during the formulation manufaciuning procsss.

(72 For example, the solubility of bupivacame in 5378 was only &
approximately 3 wi% level, However, the solubility of bupivacaine oleic acid {or other fatly
acidsy in 8378 was increased up (0 more than 20 wit%. [n addition, the release rate and
duration of the semi-solid (8378) formudation contaiming bupivacaine oleie acid is sxpocted
(0 be significanily slower and ionger than the semi-sohid (3375} formuiation contanmg
bupivacaine As the drug fatty acid complex solubility decreases, the drug releass duration
wiil be sigmificantly ionger.

TG73E  Asshown in Fig. |, semisoiid composition 831 0 006 containing
approximately 5 wit% bupivacaine up to 10 wi% showed a good controlled release from days
to a month. Five out of the six semisohid compositions employed either one or two {ong major
semi~soiid hpid with a2 modifying lipid) semisolid lipids as the delivery vehicle, one of them
emploved a third modifying excipient, which is a solpbilizer/non-iomce surfactant, G38/13. As
the averall hydrophobicily of the formulation depots nerease, their waler solubility decrease,
and thus resulting slower dissolution rate and ionger drug release duration.

374 Fig. 2 showed bupivacaine release from two simdlar semi-solid
compasitions, semisolid BU5: [SVOVGIR/OI(BF 20} / bupivacaime (R 1{1}, and semisolid
QU5 AL ST /bupivacains (310}, Moditying excipienis can modity the release Kingtics of the
drag. Semisolid 8085 and 0054 (with only one semi-solid hipid} both contained approxsmately

23
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13 wi% bupivacaine. When about 20 wi% of GI®QT was added 10 5701, the mixiure becomes
a stightly harder paste, and the overall hydrophobicity Aipophilicity of the mixture vehicle
increased due to the higher hipophehicity of G389/, therelore, the release rate of bupivacaine
decreased although the release duration of the two tormulations is very close,

{B8751  Fig. 3 showed bupivacaine release from four different rahios of two semi-
solid lipid components, PGINGGIHOT (30770}, PGDEAIWBIGOHSM, PGRE/GISDITH30),
PODRSAGAOTEBOAG]. Al four compositions contained approximately 3 wi% bupivacaine.
When these (wo components were mixed at different ratios, # yielded & very soft pasie (o
refatively waxy hard paste as the component of G381 increase from 18 wi% 1o 70 wi%, The
semisolid composiiion BU3A and 8038 prodoced very similar drug release profile, and the
semisolid composition G030 and 8031 produced very similar drug release profile. Therefore,
differsnyt semisolid consistency {soft pasie vs. hard paste) can be made depending on their
apphications.

{878} Fig. 4 showed bupivacaine release from two different ratios of two semi-
sodid Bipid components, S63SGIHOT{BL () and S045/G35:01 (84720}, Both semi-sodid
composiiions, semisolid 007 A and semisohid DOTE, contained approximately 5 with
bupivacaine. 5843 is a2 yellowish high-viscosity hguid matenal, when 1O with to 20 wi% of
{33940 15 added, both semisolid compositions, semisohd GU7A and semisolid BUTE, vielded
very clase bupivacaing release profife. Adding 10 wi% and 20 wi%h of G308/ to 5645
reduced the viscosity of the formulation from 24584 ¢Ps For neat S645) 10 1546 ¢Ps (3T%
reduction of viscosity) and FOO2 oPs (39% reduchion of viscosiy) respectively, and make the
semisolid {ormulations more readily igjectabie.

(G777 Fig. 5 showed bupivacaine release from the same two semi-solid lipid
commponent vehicle, §701/GIS/OT{REA20), ot three different drug loading levels,
approximately 53 witth, 10 with, and 14 wi% bupivacaine respectively. As the drug loading
increases, the bupivacame release rate decreases.

878} Fig. & showed bupivacaine release from three different amounis/volumes, 50
mg, 100 mg, and 200 mg of the same semi-solid formulation, $378bupivacaine (85373}, As
the amounts/volumes of the formuiation iIncreases, the release rate of bupivacaine relative io
the otal drug loading decreases as # igke longer ume for the drug o diffuse out and the
vehicle o erode, and thus the otal drug release duration is significantdy longer.

{679 Fig. 7 showed bupivacaine and bupivacaine fatty scid complex release from

the same semi-solid hipd vehucle 5378, semisolid 801 contains approximately 3 wi%k
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bupivacaine, while semisohd buptvacaine OA: 5378 and semisolid bupivacaine FA both
contains approximaiely 20 wi% bupivacaine and oleic acid and palmitic acid.

BB8B]  The solubiiity of bupivacaine in 8378 was only at approximaiely 3 wi%
fevel, However, the solubility of bupivacaine oleic acid and palmitic acid complexes
increased (o about 20 wi%. In addition, the release rate and duration of the semi-solid (8378)
formulation containing bupivacaine oleic acid and palmitic acid 15 significantly slower and
onger than the semi-solid (5378} formulation containing bupivacaine dus to the decreased
water siubilty of bupivacaine fatty acid complex.

¥iseosity Delernunadion

FRBRET  This purpose of the viscosity measurement for the semi-solid formuiations s
i demonsiraie that our semi-solid formulations has the feature of very low viscosity, and are
readily pectadic through 23-21 gange needies.

¥ iscosity determination procedure:

EIEZ T The viscosity of the semi-sobhd formulations were determined on a ealibrated
Brookheid KVl Prime CF model viscomeier using cone spindie UPE-51. The semi-solid
formmuistion sampies stored in seaied gigss vials were first heated to about 40-507 O in a6
oven wiviid the samples became a Howable viscous Hauid, Then approximately 0.3 gram of
cach sumpie was weighed into the cenier the warmed sample cup. Avold bubbles when
opssible. Altach the sample cup 1o the viscomsder, and measure the viscosily of an appropriste
speed of rofation so that the % Torgue is batwesn 10% and 100%. Record the viscosity and %
forgue ai the target temnperature. Due (o the sofl pasie nature of these matenials af room
iemiperature, e viscosily of semi-solid formulations was determingd at 30° € at tha poing
ihe semt-sobid formulstions become a flowable viscows hguid/semi-solid under pressure.

Yiscosily valves for the semisalig formulations used in in vitro release studies

{0831 The viscosity resulis for the semi-solid formulations listed in the in vitro
redease study wers summanzed in Table 1 The viscosity vahie of these semi-solid
formulations range from 73 oPs o0 1528 ¢Ps, with the majorily of them way below 1000 cPs
at 307 O, Centipoise {oF) and Mitlipascal seconds {mPa.s) are the CGS and 51 units for
viscosity, | o = 1 mPua.s, The viscosity of all the semui~-solid formulations was measured a3
30° .
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Table §: Viscosity resulis for semi-solid formulabions
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3« Low-viscosily semi-soixd ormuiations

R4 The viscosity values for the main components of the semi-solid vehicle are
refatively low, typically below 1000 ¢Ps at 30 7, except for S645, which 15 a very viscous
hiquid. The viscosity values of the four main semi-solid components were determined at 309

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

' Sample 1D Yiscosity (cF) at 307 O
.

;
Skl I S :
—w I

{BBBS;  The sem-sohid drug delivery vehicle typically contains two or mors
components, the main semi-solid component with ong or two modifying excipients. The
overall semi-solid vehicle typically exhibis even lower viscosity, since the modifving
sxcigient plien acis as g lubricant, thus further reducing the viscosity of semi-solid vehicle
when compared with the main semi-solid component. The viscosity values for the four mamn
componenis modified with 1 wit% or 20 wi% of G39/01 were determined and summarized in
Tabde 3. For the st mam serm-solid bipid 3378, the viscosity remained at very low viscosity
at about 20 ¢Ps after being modibied with 10 wa% or 20 wi% of G39401, For the second main
semi-solid lipid 5701, the viscosity of the overall semi-solid vehicle reduced from 563 ¢Ps
{for neat 8701 ) 1o 445 ¢Ps and 383 cPs respeciively after betng modified with 18 wi% and 20
with of 035401, For the 3 main semi-solid itpid SO45, the viscosiiy of the overall semi-solid
venicie reducsd from 2454 oFs (for neat 5843) (o 1348 ¢Ps (37% reduciion of viscosity) and
1002 cPs {39% reduction of viscosiy) respeciively alter being modifisd with 18 wi% and 20
wit of G391, For the $th mam semi-sohd Hipid PGRE, the viscosity of the overall semi-
solid vehicle reduced from 427 oFs (for neat PGS 1o 321 oPs and 238 oPs respectively after
being modificd with {8 wi% and 20 wit% of 335/01.
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L able 3: Vizcosity vaiues for the overall semi-solid vehicle (main component +

ineadifving excipiant}

Sample D Viscosity {oF) at 36 °C
S3T8:030/01 (90/10) I ;
S3A7R:GAS0T (8/20) WW
5701:GIN0T (SH/10) 445 f

ST0LG30GT (BO20)

RG] Once the active ingredient, bupivacaine, was incorporaied o the {inal
semni-aolid drug debivery vehicle through a hot melt process, the miure formed g seny-solid
safution formuiation with the active drug molecularty dispersed in the semi-solid vehicle
media. Again, the overall semi-sobid formuistions typically exhibil very lower viseosity
{helow 1000 ¢Ps) The active ingredient can also affect the viscosity of the semi-solid
formuistions, Tne achive drug o8n act as a plasticizer and/or a iubnicant, and further reduce
the viscosiy of the semi-solid formuiations when compared with the semi-solid vehicls,
However, g5 the drog {sobid powder) loading {especially above 40 wi% level) increases, the
soft semi-solid paste formulation can change io a relatively hard semi-solid paste
formuiation.

B8 7TE  For the first two semi-solid formulations using 8378 as the main semi-solid
fipid component, e viscosity remained at very low viscosity between 530 and 70 oFs glhter
incorporating approximately 3 wi% of the solid bupivacaine powder. For the second two
sermi-soid formuelations asing ST as the mamn semi-solid Bpid component, the viscosity
increased from 445 oPs and 383 oPs to 488 ¢Ps and 500 oPs, respectively, afier incorporating
approximately 1O wi% of the solid bupivacaine powder. For the 3rd two semi-solid
formulations using 5645 as the main semu~-solid bpid component, the viscosity of the semi-
solid formulations remained almost unchanged when compared with the semi-solid vehicle
after incorporaling approxumately 5 wi% of solid bupivacaine powder, For the 4th two semi-

salid formulations using PGS as the main semi-sobid Upid component, the viscosity of the
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sermi-sohid formuiations increased somewnat when compared with the semi-solid vehicle after
ineorporsting approximaiely 3 wi% of sohid bupivacaine powdsr,

[BHEET Al six semi-solid formulations using S3TE, 8701, and PGDE as the main
semi-solid lipid components with the viscosity ranging from 35 oFs (o 600 cFs at 33° C are
readity injectable with 23 gauge needies, while the two semi-solid formulations using $645 as
the main semi-soiid Hpid component are readily injectable with 21 zauge neadies {sil

injectable with a 23 gauge neggle with some resisiance ).

Tabke 4 YViscosity values for the Ginsl semi-solid formuiations {overall semi-sndic
vehicle + bupivacging
B  Viscoshty &P at
38" O

sampie 1§}

(SITHR TGN 10Y] / bupivacaine (9575

FSATRISTOHRM200] / bupivacaine (95/5)
[S7OHGIY01R/103] / bupivacaine (90/10)

Fo PO AGIWOTRIVIOH / bupivacaine (BT} {33

in vivo rat scistic nerve block issts

Y] Male rats weighing between 20U and 35 g were ased 10 assess the duration
of nerve conduction block, which induced by each of the different semi-solid formulations
had Deen tested. The rals were hangied daily and habutuated o the testuing paradigm for o
feast &4 minute prior IO examinalion, Sensory and moetor biockade were examwined as
described below, In addifion (o sensory testing, motor {esting was performed at each time
point o examine the abiliy of te rats to move their hind leg by galt posture and paw placing.
Annals were handled and Cared in comphance wilhl instilutional, siate, and federal animal
weifare reguiation. The protocod was approved by IACAC,

FBO%0G] Al rats were anesthetized with 3.5%-4.0% isoflurane in oxveen and
maintained with 1.5%-2.0% isofturang. 8.3 oo of antibiotic solution (800,000 anits/mL

pemiciblin & sodinm) was injecied to prevent infection, Under aseplic condition, the left thigh

24
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area was shaved and an incision was made on up 13 portion. The thigh muscles were gently
dissecied by blunt dissection 1o expose the scialic nerve., Semi-sohid formulations were placed
adjacent (o the sciatic nerve under direct vision in the fascia plane degp to the hamstrings and
the site. The most superficial fascia layer was closed with a single suture. The edges of the
cuter skin were approsimated and closed with surgical siaples. For all rats, drug-containing
semi-sohid formulations were implanted on the lafl side of sciatic nerve.

Hot-plate measurement:

({H0E}  For each dme-point, the rat was put on 36°C hot-plate {cut-off time i5 15
seconds) and the latency of Biting the hind paw was recorded (for both paws of the animal)
for § ¢imes with iniervais at feast 20 seconds. The highest and lowest reading was discarded
and the average of middie 3 readings were used as the final reading for the particular time-
PO,

Motor plockade measurament;

i, Paw placing:

=or both paws, the animals were held gently by 3 rained researcher and the dorsal
paw, one af g ime, was slowly slide over a edge of test platform antil reach the {oes for 5
times. At each ume, if the rat succegsfully places its {esting paw onio the surface of the
platform, 3 was scored as | {therefore, the maximum score s 3 foreachpaw) and as G if it
fauls.

2. Faw motor apiily measurement:

A 4-point scale sysiom was used:

{1} normal appedrance,

(£} intact gorsifiexion, but wnpaired splaying toes when elevating the tail of rat,

(3} compietely piantar flexion withowt splaymg abiiity.

(4} number 3 plus impaired gail,

The paw molor ability assessment was vsed for sach time-point ags well.

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

e
£
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Phssection

92 Altwo week time points following the administration, and the surgical sit2
skin was examined {o observe if any affection on wound healing, Then after, the sites where
ihe semi-solid formulation was admnisiered were re-opened and examined visually by naked
eyes under anesthesia. After the examination was finished, the rats were euthanized by COL

i 88 wi% of (NTOVGISOHG D] - 10 with of hupivacaine | 4 wit (44714

This semi-solid formulation was prepared as descnibed in the preceding section. Por
all rats, sensory blockage lasted for a period of 72 hours with maximum block intensity
(Oatency=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-administration. Paw placing reluwmns o
normal al § hour post-adminisivation. At two weeks after dosing, no adverse effect of the
semi-sohid formulation on wound heaiing was observed. 1 he adminisiration site appeared (&
be pinkish, and the scialic nerve appeared 10 be normal, no infiammalion, necrosis,
ulceration, or infection was observed. In addmion, munimal depot residue was observed at the
administration site.

2. 88 wi%e of [STOUAGISBIE D]« 10 wi% of bupivacame | 2 wi% G313

This semi-solid formulation was prepared as descnibed (n (he preceding sechion. bor
all rats, sensory biockage lasted for g penod of 72 hours with maximum biock niensiy
{latency=15.0 sec) at 4 hour posi-admunistration. Motor blockade lasted for approximaiely 4~
& hours with the densest motor block seen at 2 hour post-administration. Paw placing
returned 10 normal af aboul 6 howr post-adminsstration. Al iwo weeks after dosing, 8o agverse
effect of the semi-solid formulation on wound healing was observed. The administration site
appeared o be pinkish, and the scialic nerve appeared {0 be normal, 80 inflammalion,
necrosis, ulceration, or infection was ohserved. In addiion, minimal depot residue was
gbserved al the adnunistration sile,

3. B3 wiTe of [STOVGIRAAIOY ¢ 10 wi% of bupivacaine 1 5 wi% G3FI3

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 mntensity
{latency=15.0 sec) at 4 hour post-adminisiration. Motor blockade lasted Tor approviimately 4
hours with the densest motor block seen at 2 hour post-admunisiration. Paw placing retums {0
normal at about 6 hour post-adminisiration. At two weeks after dosing, no adverse eifect of
ihe semi-solid formulation on wound healing was chserved. The adminisiration sile appeared

1o be pinkish, and the sciatic nerve appeared (o be normal, no inflammalion, necrosis,

23
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ublceration, or infoction was observed, In addition, mimmal depot residue was observed at the
administration sie.

4. R witTh of [S645/GA3M0 RS 18] 20 with of hdocaine oleic acid

This semi-soiid formulation was prepared as described o the preceding seciion. For
all rats, sensory blockage lasied for 4 penod of 72 hours with maximom bock mdensily
{laicncy=14.2 sec) at 4 how post-administration. Molor bockade was not observed, Faw
placing returned (o noral 8t abouwt & hour post-adminisiration. AL two weeks after dosing, no
adverse effect of the semi-solid formulation on wound healing was observed. The
adiministration site appeared 1o be pinkish, and the sciatic nerve appeared 10 be normal, no
inflammaiion, necrosys, sleeration, or infection was observed. In addition, minimal depot

residue was observed st the admissirahion sie,

{0931 The present deseniplion having been thus deseribed, modifications and
variations of the molecular structures, proportions of the various components m the semi-
solid delivery vehicle or pharmacentical composiiion, method of manufaciure and other
parameiers of the description thereof as would be apparent (o those of skill in the art will be

undersiood 1o be within the scope of the appended ciaims.
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Cimimse

¥What = claimed is

i, A composition for delivery of 8 substance, comprising a8 semi-solid maxiore of
one or more monoglveerides, diglyeernides, or triglyeenides of iow water solubility having the

stgructure of 1, M, LI IV, VY, or low HLEB polyglyceryt esiers with the structure of Vi

O < ggﬂ\,. ¥ 07 R
}.««J :G Qr’u‘g‘ I}.....)‘f
.-.m\ﬁ,,a Q}_, ﬂ"\ﬁ,ﬁ
5 (0 wg (11} 3 (1)
. {ﬁﬂ‘i o 0 Oy
i ¢
s ~d )
>.,,,,f \ﬁ/ 8t —{' O "
Mg (IV} a vy M (V1)

af a concentration of 403-99 wi%, wherein R, K", and K" are independently a saturated natural
fatty acid comprising 8-27 carbon atoms, g naturally occomng unsaturated fatly acids
comprising {6-22 carbons, 8 non-loxie organe dicarboxyiic acid compnsing 610 carbon
aioms, or 3 naturally occcumng omega safuraied or unsaturated hydroxy acid; nis §-10; and
the substance 1o be delivered:

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

selid gel.

2. The composition of ciaim |, wherein the composition has a viscosily of 20-

2000 oPFs at 308 L

3. The composiion of claim §, wherein the composiiion 15 ihmolropic,

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

i iemperature.

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

Pressure,

33
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+1 The composiion according to any of claims §-3, further comprising a
modifving excipient comprising a monogiveende, digliycernide, or trighveeride having the
structure of L L L, IV, or 'V, or pharmaceuticaily accepiabie non-ionic solubilizer or
emuisifier, whersin the modifying excipient modifies the release kinetics of the substance {0

bhe delivered.

7. The composition according to any of claims 1-3, further comprising a
modifying excipient comprising a monogiycende, diglycernide, or tniglyeeride having the
structure of § I I, IV, or ¥V, or phiarmacesutically acceptable non-tonie sohubilizer, wherein

the modifving excipient modifies the dissolution Kinstics of the composition.

2, The composiion according 10 any of ciaims 1-3, further comprising a
modif ving excipient comprising a8 monogiycende, digivesnde, or trigiyeeride having the
sivucivre of § I, I IV, or V., wherein the modifying excipient modifies the viscosity of the

COMposition

%, The composition according to any of claims 6-8 wherein the conceniration of

the modifving excipient 15 1-30 wi'%.

iU, The composifion according (o any of claims 6-8 wherein the concentration of

the modifymg excipient 15 3-30 wi%h.

11, The compostion according (0 any of claims &8 wheremn the concentrations of

the modifyving excipiends ranges 8 1020 with.

12, The composition according o any of claims &-§ wherein the concentrations of

the moditving excipienis ranges s 4.5-53 with.

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

maoadifying excipients ranges s 8.3-2.5 wi%.

{4,  The composition sceording to any of claims 1-13 wherein the semi-solid
mikiure comprises POGDS, SQFTISAN 378, SOFTISAN 645, or SOFTISAN 701,

34
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15, The composition according 10 any of claims &13 wherein the modifving
exeipient 18 SOFTISAN 701, GELUCIRE 3843, Suppocire A, GELUCIRE 44714,
GELUCIHRE 33, LABRAPILE MIBMES, or LABRAFIL® M2125CS..

16, The composition according to any of claims {-15 wherein the substance (o be

delivered comprises an active agent.

i/, ine composition of claim 16 whersin the active agent is 3 unit dose of 3 local
anesthetic for admmisiration 10 a site in a subject in an amount effective to achieve nerve

blockade, iocal numbness, or pain relief at the site.

12, Fhe composition of claim 17 wherein the active agent is af g concentration of

§ -5 wi%,

i9,  The composilion of clamy 17 wherein the active agent is 3t 8 concentration of

S48 Wi,

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

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

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

consists of a topical or injectabie semi-solid formulation.

22. A method for prevenung or relieving local pain which method comprises
admimstenng o a subject i need thereof the composition according o any of claims 17 io

21,

23, ihe method of claim 22, whersin the administration is By topical application.

24 1he method of clapn 23, whersin ihe adminisiraiion 18 10 skin or mucous

membrane,

2%, The method of claim 22, wherein the administration is by injection.
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28, The method of ciaim 235, or wherein e adminsiration is by subouianeous,

intramuscuiar, or inirgperioneal injeclion.

27, A process for the preparation of the composition according o any of claims §-
15, comprising selecting the a semi-solid mixture of one or more monoglyeeride, diglyeernids,
or iniglycesides of low water solubility having the strpcture of §, H, I, IV, V, or low HLE

noivelyeeryl esters with the structure of Vi

Hl)
0 : )
< 5 . o 3
{ £ "n ﬁm{ & { o e

Cih {1} O 1 +: $11)
0 R {d i
s js\ mejm >,_}./
o” Fye df
g'J \Nﬂﬁ 1L % {3 4
M {(TY} O (¥} 2 (Vi)

whersin R, R”, and R"™ are independently a saturated natural fatty acud comprising 8-24
carbon atoms, | naturally ocowring unsaturated fatty acids comprising 16-22 carbons, 8 non-
toxic organic dicarboxvlic acid comprising 6-10 carbon atoms, or a naturally occcurring
arnega saturaled or unsalurated bydroxy acid, and n 1 1-1{; and mixing the semi-soid
mixture with and the substance o be delivered of an elevaled emperature 1o form &

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

28,  The process of clatm 27, wherein the composition has a viscosity of 20-2000
cPs at 34°

28, The process of claim 238, wheremn the substance (o be delivered s an active

3ELN,

30,  The process of claim 29 wherein the active agent 18 a local anesthelic,

3t The process of claim 30 wherein the active agent is af 8 congentration of 1-60

wihh,
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32,  The process of ciaim 30 wherein the active agent s at a concentration of 5-40

wi%o.

33, The process soy of claims 33-32, wherein the active agent s a compound
selected from the group consisting of Hidocaine, bupivacaing, ropivacaine, mepivacaing,

stidocaine, and a fatty acid complex of the compound.
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Fig. 2
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Fig. 4
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Fig. 6

|

LU

4
o

80

14 . -

50 .
Y P K —6— Semisolid 801 50 mg
—A— Semisolid 801 100mg

—B— Semisolicd 001 200me

Cumulative Bupivacaine Release {%)

§ i6) 20 30 40 50
Time {Days)

SUBSTITUTE SHEET (RULE 26)



CA 02903020 2015-08-28

WO 2014/134586 PCT/US2014/019704

117

Fig. 7

100

&0

—O— Semisolid 001
—A— Semisolid Bup.0A
—H— Semisalid Bup.PA

Cumulative Bupivacaine Release (%)

0 5 10 15 20 25 30
Time (Days)

SUBSTITUTE SHEET (RULE 26)



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings

