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NON-ANIMAL SOFTGEL CAPSULE FORMULATIONS,
METHODS OF PREPARATION, AND METHODS OF USE THEREOF

RELATED APPLICATIONS
{0081] This application claims priovity to United States Provisional Patent Application No.
32/912 886, filed on October 9, 2019, whuch is hevein incorporated by reference in it

entivety.

FIELD
[0002] This disclosure relates to non-antmal softgel capsule formalations, Also disclosed

herein are methods of preparation of such sofige! capsules and methods of use thereot.

BACKGROUND

{6063} Encapsulating a solution or dispession of a nutritional or pharmacewtical agentina
Hauid carrier within a softpe] capsule offers numerous advantages over other dosage fornss
such as conpressed, coated or vneoated sohid tablets or bulk liguad preparations. Such
sacapsulation of a solution or dispersion eaables acourate delivery of o unit dose, which is
particitarly mportant when relatively small amounts of active ingredient nust be
admunistered. Additionally, eniformity is more difficult to achieve with a tableting process
where solids must be uniformly mixed and compressed, or with incorporation of the total
dose of active ingredient into a balk liquid carrier that must be measured out prior to each
oral administration.

[0804] Moreover, softgel capsules, most conunonly, soft gelatin capsules, provide a dosage
form which is more readily accepted by patients, since the capsules are easy fo swallow and
need not be flavored in order to mask the unpleasant taste of the active agend. Sofigel
capsules are also more easily transported by patients than bulk hguids, since only the required
number of doses nead to be removed from the package.

[0803] Sofigel encapsulation of drugs further has the potential to improve biosvailability of
pharmaceutiical agents. Active ingredients are rapidly released in liquid form as soon as the
sheldl ruptores. Complete disintegration of the capsule is not necessary for the active
ingredicms to berome available for absorption, unbike the case of tablated compositions.
Furthermore, relatively nsoluble active ingredients can be dispersed i a Hguid carrier to

provide faster absorption.
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{6086} Compared to sofigel capsules made from animal derived gelatin, which takes baiwesn
5 to 15 minufes o rapture, current non-animal sofigels (e.g. Vegicaps® and OptiSheli®
Softgel) take between 20 1o 40 minutes to rupture in dissolution media. For immediate release
products where fast rehief iz necded {e.g., analgesics, antihistamine/allergy medicines) such
long dissolation time rogy be problematic o the patient,

108671 Accordingly, theve is a need for improved non-animal softgel capsule formulations

that have shorter dissolation andfor disintegration times.

BRIEF SUMMARY
{6008] According to various embodiments, disclosed herein is a sofigel composition
comyprising a fill material encapsulated in a shell compasition. The shelf composition
comising non-animal derived gelling agent and a water soluble polymer. In certain
embodiments, the shell composition completely dissolves in less than 30 minotes when
subject to a dissolution test with a USP Apparatus 1 with paddies at 75 RPM 1o 900 mi of
(.1N HCL and delonized water at 37 degrees €.
{0089 According to certain embodiments, disclosed 15 a sofigel composition comprising 8
fiil matenal, that nclhedes an active agent or 3 cosmetic agent, encapsulated by a sheli
composition, wherein the shell composition comprises: a non-animal devived gelling agent
COMPrIsing carrageenan, starch, or a combination thereof, and a water soluble polymer
comprising polvviny alcohol, pullelan gam, polyiactic acid, polyvinyl alcobol-polyethylen
glveol grafl co-polvimer, high molecular weight polvethviene glveol, povidong, a surfactant,
or a combination thereot,
[08018] Also disclosed berein are various embodiments of @ method of preparing a softgel
composition comprising non-animal derived gelling agent and a water soluble polymer,
j0011] According to further embodiments, disclosed herein is a softgel composition
comprising a {1l material comprising an active agent {or a cosmetic agent) that is
encapsudated by a shell composition comprising non-animal derived gelling agent and & water
solubde polymer and methods of manufactre and treatment thereof
[0012] According to yet further embodiments, disclosed herein is 3 method of treating a
condition, treatable by the active agent{s) or cosmetic ageni(s) described herein, by

administering any of the softgel compositions described herein to a subject in need thereot

2
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BRIEF DESCRIPTION OF THE DRAWINGS

[8013] The above and other features of the present disclosure, thelr nature, and various

advantages will become more apparent apon consideration of the following detasled

description, taken in conjunction with the accompanying drawings, i which:

{0014 Figare ¥ illustrates the release profile of active agent {o.3., ibuprofen) fronr a

conventional non-gelatin capsude as compared to a softgel capsale according to an

embodiment. The release profile 15 also illustrative of the dissolubion profile of the shell
composition of & conventional non-gelatin capsule as compared to a softgel shell compaosiiion

according to an embodiment.

DETAILED DESCRIPTION

18015} Deseribed hergin are various emnbodinients of softiel compositions, e.g., softgel

capsule film compositions encapselating fil materials, methods of preparation, and methods

of use thereof. It s to be wnderstood that the invention 1s not limited to the details of

construction of process steps set forth in the following description. The invention is capable
{ other embodiments and of being practiced or being carvied out in a variety of ways,

3L

jo016] Reference throughout this specification 0 “one embodiment,” “certain enmbodiments,”
“one of more embodiments™ or “an embodiment”™ means that a particular feature, structute,
material, or characteristic deseribed in connection with the embodiment is incladed in at least
ong embodiment of the invention, Thas, the appearances of the phrases sach as “in one or

RIS

more embodimenis,” “in certain cmbodiments,” “in one embodiment” or “in sn embodiment”
in various places throughout this specification are not necessarily referring to the same
embadiment of the invention. Furthermore, the particular features, structures, materials, or
characteristios may be combined 1 any suitable manner in one or more embodiments,

ENE

[0017] Ax used herein, the singular forms “a,” “an.” and “the” include plural references
andess the context clearly indicates otherwise. Thus, Tor example, reference to “a polymer™
fncludes a single polymer as well as 3 mixtere of two or more polymers.

[0018] As used herein, the term “sbowt” in connection with a measured guantity, refers to the
normal variations in that measured quantity as expected by one of ordinary skill in the art in
making the measurement and exercising 4 level of care commensurate with the objective of
measurement and the precision of the messuring egaipment. In certain embodiments, the
term “about” includes the recited mumber 210%, such that “about WY would include from 9

to 11,
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{0019 The term “ut least abowt™ in connection with & measured guantity refers to the normal
variations m the measured quantity, as expected by oue of ordinary skill in the ot tn making
the measwrement and excreising a level of care commensarate with the objective of
measurernent and precisions of the meazaring equipment and any guantitics bigher than that.
{n certain embodiments, the term “at least about™ includes the recited number minus 10% and
any quantity that is higher such that “at least about 107 would include 9 and anything grester
than 9, This torm can also be expressed as “abowt 10 ov more.™ Similarly, the torm “less than
ahout”™ typically includes the recited number plus 10% and any quantity that s fower such
that “less than about 107 would include 11 and anything less than 1L This teom can also he
axpressed as “about 10 or less.”

10928] The term “inynediate release” refers to a dosage form (e.g., softgel capsule
formulation) as disclosed herein that releases at least about 85 wt. %%, at least about 50 wit.%

or at Jeast abouat 95 wi.% of the active agent {or cosmetic agent}, that 1s encapsulated within
the shell composition, within about 30 minutes, or within about 43 mimuies, or within abouat
60 minutes, ax measured by n-vivo dissolution in a USP Apparatus I at about 50 RPM to
about 250 RPM in 900 md at 01N HCI {optionally with Pepsin) at 37 °C.

{89211 The term “controtled refease,” refers to a dosage form {e.g., sofige] capsule
formulation) as disclosed herein that releases the active agent {or cosmetic agent) that is
gncapsitated within the shell composition over a period of nme, e.g., © provide a once daily
or fwice daily dosage form.

[6022] The term “soltgel,” as used herein does noed Imply that gelatin s necessarily part of
the shell composition (or film composition) and/or of the fill material {or fill compaosition}. In
certamn embodiments, the shell composibion (or filin composition) may include gelatin, while
in other cobodinents, the shell composition may be fiee of gelatin. Stilarly, in certain
cmbodiments, the ill matedal {or il coroposition) may inchide gelatin, while in other
embodinments, the fill material may be free of gelatin. The term “sofigel” may be used
fnterchangeably with the term “softshell” throughout the description.

10023 The term “shell composition” may be used interchangeably with the ferms “film
composition,” “shell,” and “Him™ throughout the deseription. These terms refer o the outer
poriion of the sofigel composition {for instance, these terms refer to the shell of a soflgel
capsule which encapsolates a fill material)

{8024 The term "1l roaterial” may be used mterchangeably with the ferms “fill

composition,” and " throughout the deseription. These terms refer to the inner portion of
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the sofigel composition that is encapsulated by the shell composition (for 1nstance, the 1noer
portion of a softgel capsule).

[0023] The torm “softgel composition” may be used mterchangeably with the tevmy “softgel
formmdation,” and “dosage form” throughout the description. In certain embodiments, the
term “softgel composition” or the term “soefige] fornwlation” may be used intorchangeably
with the terms “softgel capsule composition” or the term “softgel capsude formulation,™
respectively.

[0826] Unless otherwise indicated, all parts and percentages are by weight. Weight percent
{wt. %), if not otherwise indicated, is based on an entire composition free of any volatiles,
that 15, based on dey sohds content,

18027 Recitation of ranges of values herein are merely intended to serve aga shorthand
method of referving tndividuadly o gach separate valoe falling within the range, unless
otherwise dicated hevein, and each separate value is incorporated into the specificaton asf
it were individually recited herein. Al methods described herein can be performed in any
suitable order unless otherwise indicated hercvin or otherwise clearty condradicied by context,
{0028} The use of any and all examples, or exemplary language {e.g., “such ag™) provided
herein, is intended muerely to itaminate certain matenals and methods and does not pose a
fimitation on scope. No language in the specification shouold be construed as indicating any
non-claimed element as exsentiad to the practice of the disclosed matersals and methods.
16029] Although the disclosure herein is with reference to particular embodiments, itis fo be
gnderstood that these embodiments are mercly iHustrative of the principles and apphoeations
of the ivvention. It will be apparent to those skilled in the art that various modifications and
varigtions cat be made to the compositions and methods without departing from the spivit and
scope of the invention. Thus, it 13 intended that the invention include modifications and

variations that are within the scope of the appeaded clains and their equivalents.
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Sefigel Capsule Formalations

{8038 Disclosed berein is a softgel capsule shell composition comprising g non-snimal
derived gelling agent and a water soluble polymer, In certain embodiments, the shell
composition compleiely dissolves i less than 30 minuges when subject to a dissohution with a
USP Apparatus 11 with padidles at 30-250 RPM {e.g., 75 RPM) in 900 sl of 0 IN HCL and

detomized water at 37 degrees €. In certain embodiments, the softgel capsule shell

composition dissolves in less than 23 sunutes, fess than 20 mimdes, less than 15 minutes, less
than 10 mintes, or fess than § minutes.

[0031] In certain embodiments of the sofigel capsale shell composition, the non-animal
derived gelling sgent comprises carragesnan and starch, The weight ratio of carrageenan to
stareh in the softgel capsule shell composition may be, e.g., about 111 to about 1:10, about {11
to about 118, gbout 1:1 10 about 115, or abowt 12,5 o about 145, I certatn embodiments, the
mchusion of a water soluble polymer in the softgel capsule shell compoasition contributes to
the weight ratio of carrageenan to starch being less critical (g.g., with respect fo dissolution,
disintegration, elasticity, strength, and so on) than if would have otherwise been if the sofigel
capsule shell composition did not inctade a water soluble polymer as described herein,

188321 Also disclosed 1n certain entbodiments is # soltgel capsale fornmation comprising &
fill material comprising an active agent, wherein the fill material is encapsulated by a shell
composition as disclosed herein. The {ill material can comprise, ¢.g., & bydrophilic material, a
Lipophilic, an amphiphibic material, or & combination thereof with an optional surfactant. The
11 material can be 8 solution, suspension, semi solid, or solid and can further include an
active ageat (e.g., an active pharmaceutical ingredient or a nutraceutical}, or a cosmetic agent.
{6033 The shell composition as disclosed herein may also contain at least one of a huffering
agent, a plasticizer, and water. Softgel capsule formulations as described herein can be
vegetarian and free of animal derived materials such as gelatin, In certain embodinents, the
shell composition can comprise less than 10 wi %, less than 3 wi.%, less than { wi%, or §)
wi of an animai denved gelling agent.

{0034] In cortain embodireents, the shell composition disclosed berein completely dissolves
in loss than 35 mimates, less than 20 minutes, less than 13 minutes, less than 10 mundes, or
tess than § muinutes when subject o a dissolution with a USP Apparatas H with paddles at
about 33 RPM 1o about 256 RPM (g.g., about 30 RPM, or at about 73 RPM, or at about 100
REM, or st about 150 RPM, or at about 200 RPM, or at about 230 RPM) in 200 mi of G IN

HCL and deionized water (optionally with Pepsin} at 37 degrees €.
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[0835] In certain embodiments, the shell composition disclosed herein completely dissolves
wn any of about § mimste, about § mimutes, about 10 minutes, about 12 mingies, or showt 13
mimres to any of gboot 20 nuinates, about 23 punutes, about 23 minutes, about 28 minutes,
about 3 mimutes, or dhout 33 minetes when subject 1o a dissolution with a USP Apparatos Tt
with paddles at about 30 RPM to about 250 RPM (s, about 50 RPM. or at about 75 RPM,
or at about 100 RPM, or at about 150 BPM, or at about 200 RPM, or at about 230 REM) in
9040 il of 01N HCL and detorized waler {foptionally with Pepsin) at 37 degrees C,

{6036} In cortain embodiments, the shell composition disclosed berein hegins dissolving in
tess than 15 minutes, loss than 10 nunutes, less than B minutes, less than 8 nunutes, or less
than 7 minotes when subject to a dissolution with 4 USP Apparatus H with paddies at abowt
503 RPM to about 250 RPM (2., about S8 RPM, or at about 75 RPM, or at about 100 RPM,
ar st about 130 RPM, or af abowt 200 BPM, or at sbout 250 RPM) in 900 mi of 0.IN HCL
and deionired water (optionally with Pepsin} at 37 degrees C.

16037} In cortain embodiments, the shall composition disclosed herein begins dissolving i
any of ahowt 1 minute, ahout 2 minutes, about 3 minutes, about 4 mingtes, or about § minutes
to any of about 7 mimustes, about 8 sunutes, abowt 9 minutes, abowt 10 munutes, or about 15
minutes when sabject to a dissolution with a USE Apparvatus I with paddles at about 50 RPM
10 about 230 RPM {e.g., about 50 REM, or at about 75 RPM, or at about 100 RPM, or at
about 150 RPM, or at about 200 RPM, or at about 250 RPM) in 900 mil of 0LIN HCL and
detomized water (optionally with Pepsin} at 37 degrees C.

[0838] In certain embodiments, softgel compositions (o.g., softgel capsules) that inchude a
fill material encapsulated with the shell composition disclosed herein begin rupturing i less
thar 35 minutes, less than 20 minutes, less than 15 mimistes, fess than 10 nuinates, or less than
3 munutes when subject to a disintegration with a USP Disintegration Appavatus with padidles
at about 50 RPM to about 250 RPM (e.g., about 50 RPM, or at about 75 RPM, or af abowt
100 RPM, or at abont 150 RPM, or at about 200 RPM, or at about 250 RPMY in 900 mi of
0.IN HCL and detopized water {optionally with Pepsin) at 37 degrees €,

[0839] v certain embodiments, softgel compositions (e.g., softgel capsules) that include a fill
maieridd encapsulated with the sheli conyposition disclosed herein begin nuptuzring in any of
about | sainute, about 2 aunutes, abowl 3 minuies, about 4 minutes, about § minutes, or about
7 minuies to any of about {§ minudes, sbout ¢ minuies, about 10 minutes, about 13 minudes, or
about 20 nunutes when subject o a disintegration with a USE Disintegration Apparatus with

paddies at about 30 RPM to about 250 RPM {e.g., about 30 RPM, or at about 75 RPM, or at

~
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aboui 100 RPM, or at about 130 RPM, or at about 200 RPM, or at about 250 RPM) in 900 mi
of 6.IN HCL and detonized water {optionally with Pepsin) st 37 degrees €.

{00481 In centain embodiments, softgel compositions (e.g., softge! capsules) that include a il
material encapsulated with the shell composition disclosed herein completely dissalves in
foss than 45 minutes, less than 40 minutes, less than 33 minutes, less than 30 nunutes, or less
than 23 minues when sobject to a disintegration with a USP Disintegration Apparatus with
paddies &t about 36 RPM (0 about 230 RPM {(e.g., about 50 RPM, or at about 75 RPM, or at
ahout 100 RPM, or at about 130 RPM, or at about 200 RPM, or at about 250 RPM) 0 900 mi
of §.IN HOL and detormized water {foptionally with Pepsin) at 37 degrees C.

{60411 I cortain embodiments, softgel compositions (e.g., sofigel capsules) that snchsde a il
material encapsulated with the shell composition disclosed herein completely dissolves in any
af about 15 minutes, about 18 mimutes, about 26 minutes, about 22 minutes, or aboyt 25
minates fo any of about 30 minutes, sbout 35 minutes, about 40 minutes, or about 45 minutes
when sabject to a disintegration with a USP Disintegration Apparatas with paddles at about
50 RPM to about 250 RPM {e.g., about 30 RPM, or at about 75 RPM, or at about 100 RFM,
or at about 150 RPM, or at about 200 RPM, or at about 250 RPM) in 808 mil of 01N HCL
and detonized water {optionally with Pepsin) at 37 degrees .

160421 It should be understood that the dissohution andfor disintegration tinees of the shell
composition may be independent from the dissolution andfor disintegration times of the fill
material. The release profife of the active agent from & dosage form may depend on the shell
conmposition and on the fill composition. The dissolution and/or disintegration tinwe of the
shell composition may be ndicative, at least i part, of the release profile of the active agent
from a dosage form. Dosage forms, according to embodintents described berein, may be
formulated as inunediate release dosage forms {e.g., by formulating an invpediate release
shell composition with an omediate release fill material) and as controlled relense dosage
forms (e.g., by formulating an omediate release shell composition with a controlled release
{111 materialy

{0043] According to cortain embodiments, the water soluble polyvmer may conprise, e.g.,
polyvinyl aleobol (PVA)Y, pullutan gum, polviactic acid, polyvinyl aleobol-polvethylene
glycol graft co-polymer {PVA-PEG copolymaer), high molecular weight polysthylene glycol,
povidone, a surfactant (e.g., sodiam lauryl sulfate), or a combination thergoll In one
embodiment, the water soluble polymer is PVAL In one embodiment, the water soluble
polymer s PVA-PEG copolymer. In one emsbodiment, the water soluble polymer is pultalan
gum. High molecular weight polvethylene glveol may be polyethylene glveol having a

-R-
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sumber average madecular weight ranging from about 600 Da o about 2,000,000 Da and sy
number avernge molecudar weight therein {e.g., PEG 600, PEG 800, PEG 1000, PEG 1500,
PEG 3330, PREG 4000, PEG o600, PEG 8000, and so on). In certain embodiments, the water
solable polymer is in the shell composition in an amount of, e.g., about 0.5 wi % o abou 10
w126, about §.3 wi.% o about 12 wi.%, about 1wt to about 1§ wi.%, about | wit% 10
about 20 wi.%, about 2 wit.% to about 22 wi %, about 2 w9 to about 7 wit %, ahog 0.3
wi % to about § wi%%, about 3 wi% (o gbout 9 wi%, about 2.5 wi%% (o about 30 wi.%, abowt
10 wi% to about 33 wi %, or about 20 wit. % to about 40 wi.9%, or about 15 wi.% to about 30
wi. %%, or about 15 wi.%, or about 18 wi%, or showt 20 s, or about 22 w4, or about 23
wi %, or about 28 wi%, or about 30 w%, or any sub-range or single concentration value
theretn, with all wi.% being based on the total weight of the shell composition.

16044} According to embodinerds, the non-animal gelling ageot may inclade, 2.2,
carrageenan, starch, pregelatinized starch, xanthan gum, agar, pecin, alginate, sugar, sugar
derived alcohol, monosaccharides, disaccharides, oligosaccharides, & collulose derivative, a
cellulosic polymer, hydroxvethyiceliulose, hydroxypropyicethulose,
hvdrogypropylmethyleetiudose, carbox ymethyviceHulose, microcrystalline cethulose,
attapulgite, bentonite, dextrin, alginate, kaolin, lecithin, magnestum ahoninum silicate,
carbomer, carbopold, silicon dioxide, curdian, fiweelleran, albamin {e.g., egg or lacto derived),
50y protein, chitosan, guaic gum, tanwarind seed polysacchande, glicomannan, chitin, pluran,
cvelodestiin, or a combination theveofl

{0045] The carrageenan can be at least one of Lotz carrageenan, kappa carrageenan and
tambdda carrageenan,

{6046 The starch can be modified starch or native starch, sweet potato starch, potato starch,
corn starch, tapioca starch, pea starch, hydroxy propyiated starch, hvdroxyalkylated starch,
acid-treated starch, dextrin, high amylose non-modified corn stareh, modified waxy nwize
starch, non-~granular starch, modified high amylose corn starch, pregelatinized rice flour and a
combination thereot. As used herein and i the elabms, the term “medified starch”™ includes
such starches as bydmoxypropylated stavches, acid thinned starches and the fike. In general,
modified starches are products prepared by chenical treatment of starches, for exmnple, acid
treatment starches, snzyme treatment starches, oxidized starches, cross-bonding starches, and
ather starch derivatives, B is preferred that the modified starches be derivatized wherein side
chains are maodified with hyvdrophilic or hvdrophobic groups to thereby form a more

complicated structure with a strong intevaction between side chains,
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{8047} In cortsin embodiments, the non-animal gelling ageat is in the shell composition in an
amount, ¢.g., of about 2 wt.% to about 20 wi.%, about 2 wi.% to about 15 wit %, about 2 wt.%
{0 about 48 wi%, about 10 wi.% 1o about 8G wi%, or about 15 wi.% to about 75 wi.%, or
about 20 wit % {0 aboud 70 wi.%, or about 23 wi.9% to about 60 wi %, or shoat 25 wi % to
about 43 wi.%, or about 28 wi.% to about 35 wi.%, or about 30 wi.% o about 40 wi.%, or
about 32 wt.%%, or abowt 33 wi.%, or about 38 wi.%, or any sub~range or single concentration
vatae therein, with all w9 being based on the tolal weight of the shell composition. In one
cmbodiment, the non-animal gelling agent includes carrageenan and does not include starch
{or modified starch). In one embodiment, the softgel shell composition is sabstantially free or
free of starch {or modified starch}.
{0048} In cortain embodiments the weight ratio of the water soluble polymer {e.g., PVA,
PV A-PEG copolymer, pulhdan, or combination thereof} to the non-animal gelling agent {e.g.,
carrageenan, starch, or combination thereof), may range from ahout 20:1 to abowt 1124, from
about 1571 to about 1115, from about 10:1 {0 about 1:10, from about 8:1 to about 118, from
about 511 to about 15, from about 3:1 1o about 123, or from about 2:1 fo about 1:2, or about

. Withoot being construed as Hmiting, 1t 15 believed that the weight ratio of the water
soluble polymer to the non-animal gelling agent contributes o the dissoletion time of the
softged shell compositions deseribed herein
[0649] According to embodiments, the buffer agent imcludes at least one of dibasie sodium
phosphate, monebasic sodhan phosphate, sodiam bicarbonate, sodbun citrate, disodium
phosphaie, calcium phosphate, dibasic calciam phosphate, tribasic caloium phosphate,
mobasic potassium phosphate, and dibasic potassium phosphate. In embodiments, the
buffer agent comprises dibasic sodium phosphale. In embodiments, the buffering agent is in
the shell composition in an amount of about .01 wt.% 1o about § wi.%, or about .05 wi %
10 about 4 wi.%,, o about (.1 w8 to about 3 w9, or abowd 0.5 wi.% {o gbont 3 wi%, or
about 1.0 wi.%, or any sub-range or single concentration valoe therein, with all wt.% being
based on the total weight of the shelf composition.
[0058] According to various erobodiments, the plasticizer nwy comprise, e.g., glveernin,

sorbitol, sorintol and sorbitan solution, iriacetin, polysorbaie, propyien 1} ol, sodinn lauryl
utfate (SLS}, sugar alcohols {&.g., maltitol}, or combinations thersof. In certain
embodiments, the plastictzer is glveerin, In one embodimend, the plasticizer is sorbitol. In one
embodiment, the plastivizer 1 SLS. o embodiments, the plasucizer is in the shell
composition in an amount of abowt 8.5 wi.% w0 about 40.0 wt. Yo, 10 wi.% 1o about 30.0 w9,

or abot 12 wi.%% to about 28 wi %, or about 15 wi.% to about 30 wit.%, or about 18 wi% to
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about 23 wi.%, or about 18 wi.%%, or about 20 wit®%, or about 22 wi%, or about 23 wi%, or
about 28 wi.%, or about 30 wi%, or any sub-tange or single concentration value therein, with
all wi.% being based on the {otal weight of the shell composition.
{0051 In contain embodiments, the softgel capsule shell composition contains water. The
water may be present in the shell composition in an amount of about 30 w1.%% to about 64
wi %, or about 33 wi.%% to about 55 wi%, or about 40 wi.% to about 50 wit.%, or abowt 42
wi %, or about 43 wt.9%, or about 44 w9, or about 45 wi s, or about 43.5 wt.%, or abouot 46
wi.%, or about 47 wi.%, or about 48 wt.%, or any sub-range or single concentration value
therein, with all wi.% being based on the total weight of the shell composition. According to
certain enthodiments, a welght ratio of the water to the non-animal gelling agent in the shell
composition is about 115 to about 5:1, or about 1:4 to about 4:{, or about {23 to about 3:1, or
about 1:1, or abowt 2:1, or gsbow 3:1, or about 4:1, or shout 5:1.
108521 In conain embodiments, the sofigel shell compositions descrtbed heremn bave a film
strength, as measured by a texture analyzer in accordance with the details described in the
examples, of greater than about 5.0 kg, greater than about 5.2 kg, or greater than about 5.4 kg
In certain embodirsents, the sofigel shell compositions desertbed heretn have a film strength
ranging from any of about 3.5 kg, about 4.0 kg, about 4.5 kg, about 5.0 kg, or about 3.5 kg to
any of about 6.0 kg, about 6.3 kg, aboat 7.0 kg, about 7.5 kg, abowt .0 kg, about 8.5 kg,
about 8.0 kg, about 9.5 kg, about 10.0 kg, about 10.5 kg, about 11.0 kg, about 115 kg, or
abowt 12.0 kg, or any single value or sub-range therein, In certain embodiments, the softgel
shell compositions described hercin bave a {ilm strength ranging from abowt 3.3 kg to abost
12.0 kg, frony about 5.0 kg to about 12.0 kg, from about 5.2 kg to about 10.0 kg, or from
about 5.0 kg to about 7.0 kg
[0653] In cortain embodiments, the softgel shell compositions described herein have an
elasticity, a5 measured by = texture analyzer in accordance with the details described in the
examples, of greater than abowt 7.7 mm, greater than about 8.0 mm, or greater than abowt 8.2
mm, In cerfain embodiments, the softgel shell compaositions described hersin have an
clasticity ranging from any of about 6 num, about 6.5 mm, shout 7.0 nun, about 7.5 mm,
about 8.0 nun, or about 8.5 mot to any of about 9.0 sum, about 8.5 mm, about 10.0 nun, about
HO.S s, about 110 mum, about 11.5 mm, or about 12.0 smam, o any single valse or sub-range
therein. In cortain embodiments, the softgel shell compositions described horein have an
glasticity of about 6.0 mm to about 12.0 wmm, about 7.0 mm to about 10.0 oy, shout 8.0 mm

tor about 12.0 mun, or about 8.0 mm to about 10.0 mm.
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{6654} In cortain embodiments, the sofigel shell compositions deseribed herein have
sufficient elasticity to allow for the formation of capsules, while also being strong enoagh t
survive manipelation in the encapsalabion machine {e.g., rotary die), and provide good
sealing properiies at femperatorss below the meliing point of the sofigel shell composition, all
without conyronising the dissolution or disintegration profiles of the softgel shell
compositions and of the capsule.

10855] The softged capsule formolations as disclosed berein may further inclode a ill
material, The Hill material may condain at least one of rapeseed oil, medium chain
trigtyceride oil, polvethylene glvool, and combinations thereof. Lipophilic andfor hvdrophilic
and/or alcohol il materials could also be encapsulated with the softge! capsule il materials

described hervetn.

Aetive Agents

[8036] Any pharmaceutically active ingredient nyay be vsed for purposes of the present
invention, including hoth those that are water-soluble and those that are poorly soluble in
water. Suitable pharmaceutically active ingredients include, without limitation, analgesics
and anti-inflammatory agents, antacids, anthelnuntic, anti~-arthythinic agents, anti-bacterial
agents, anti-coagulants, anti-depressants, anti-diabetios, anti-diamrheal, anti-epilepties, anti-
fungal agents, anti-gout agents, anti-hypertensive agents, anti-malarial, anti-migraine agents,
anti-muscarimc agents, anti-neoplastic agents and immunosuppressant agents, anti-protozost
agents, anti-rheumatios, anti-thyrodd agents, antivirals, anxiobvtics, sedatives, bypnotics and
neuroleptics, beta-blockers, cardinc inotropic agents, covticosteroids, cough suppressants,
cytotoxic agents, decongestants, diaretios, enzyrnes, anti-parkinsonian agents, gasiro-
intestinal agents, histamine recepior antagonists, lipid regolating agents, local anestheties,
neupramuscular agents, nitrates and anti-angina agends, nutritional agents, opioid analgesios,
oral vaccines, proteins, peptides and recombinant drugs, sex hownones and contraceptives,
spermicides, stimalants, and combinations thereof

{0057} 1o some emwbodiments, the active pharmaceutics! ingredient may be selected, without
Hiottations, from the group of dabigatran, dronedarone, ucagrelor, itoperidone, wacaftor,
midostauring, asimadoline, bectomethasone, apremilast, sapaciiabing, hnsttinih, abiraterone,
vitantin D analogs {e.g., caleifediol, caleitriol, paricalcitol, doxercalaiferol), COX-2 inhibitors
{e.g., celecoxth, valdecoxib, rofecoxily), tacralimaus, tostosterone, lulnprostone,

pharmaceutically acceptable salts thereof, and combinations theveof,

t
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[0858] In some embodiments, the hipids in the dosage form may be selected, without
Hmitations, from the group of almond ofl, srgan ofl, avocado oil, borage seed o1, canela oil,
cashew oil, castor oil, hydrogenated castor oil, cocoa butter, covomnut oil, colza o1, corn oil,
cottonsesd oil, grape ssed oil, hazelnut o, hemp oil, hvdroxylated lecithin, lecithin, hinseed
oil, macadamia oil, nrange butier, manila otl, mongongo nut oil, olive oil, palm kernel wil]
palm oil, peawmgt oil, pecan oil, perilla off, pine not o1, pistachio oil, poppy seed oil, pranpkin
seed oil, rice bran of, saffiower oil, sesame oil, shea batter, sovbean oil, sunflower (il
bydrogenated vegetable otl, walnut otl, and watermelon seed oil. Other o3t and fats roay
mclade, ot not be Himited to, fish oil (omega-3), krill oil, anmimal or vegetable fats, e.g.. in
their hydrogensted form, free fatty acids and mono-, di~, sand tri-glycerides with €8 C10-,
C12-, Cld-, C16-, C18-~, C20- and C22-fatty acids, and combinations thereod.

[0659] According to certain embodiments, setive agents nay include lipid-lowering agents
fnchuding, bul not inuted to, stating (g.g., lovastatin, simvastatin, pravastatin, fluvastatin,
atorvastatin, rosuvastating and pitavastatin), fibrates (e.g, clofibrate, ciprofibrate, bezafibrate,
fenofibrate, and gemitibrozil), niacin, bile acid sequestrants, ezetimibe, lomitapide,
phytasterols, and the pharmaceutically acceptable salts, hydrates, solvates and prodrugs
thereof, mixtares of anv of the foregeing, and the fike.

19168 Suitable nutraceutical active agents may include, but are not limited to, 5-
hydroxyteyptophan, acetyl L-carnitine, alpha lipoie acid, alpha-ketoglutarates, bee products,
betaine hydrochloride, bovine canttlage, caffeine, cetyl myristoleate, charcoal, chutosay,
choline, chondrotiin sulfate, coenzyme 10, collagen, eolosinum, creatine, ovanccobalamin
{(Vitanun 812}, dimethylaninocthanoel, fumaric acid, germanium sequioxide, glandelar
produocts, ghicosamine HCE, glucosamine sudfate, bydroxyl methy! butyrate, mmumoglobudis,
factic acid, L-Carnitine, liver products, malic acid, maltose-anhydrous, mannose {d-
mannose ), methyl salfmyl methase, phytosterals, picolinic acid, pynivate, red veast extract,
S-adenosylmethionine, selermium yeast, shark cartilage, theobromine, vanadyl sulfate, and
yeast,

{0061] Suitable mutritional supplernent active ageuts may nclude vitamins, sainerads, fiber,
fatty acids, amino acids, herbal supplements or s combination thereof,

{00621 Swtable vilamin active agents may inchde, but are not limited o, the following:
ascorbic acid {Vitamin €}, B vitamins, biotin, {3t sohble vitamins, folic acid, hvdroxyeitric
acld, inositol, nuoeral ascorbates, mixed tocopherols, niacin {Vitanun B3}, orotic acid, para-
aminobenzoic acid, panthothenates, panthothenic acid (Vitamin BS), pyridoxine
hydrochloride (Vitamin B6), riboflavin {Vitamin B2}, syathetic vitamins, tamine (Vitamin

13-
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B 1), tocoirienols, vitamin A, vitamin D, vitamin B, vitamin F, vitamin K, vitamin oily and oil
soluble vitamins,

[0063] Swiable herbal supplement active agents may inclade, but ave not bated to, the
following: arnica, hilbeery, black eohosh, cat's claw, chamomile, echinacea, evening primrose
ol fenugreek, flaxseed, feverfow, garlie, ginger root, ginke hiloba, ginseng, goldenrad,
hawthom, kava-kava, licorice, milk thistle, psyibam, ranowolfia, serma, soybemn, St John's
wort, saw palmetio, termeric, valerian,

[0064] Minerals active agents may include, but are pot imited to, the following: boron,
citoinm, chelated minerals, chloride, chronuum, coated minerals, cobalt, copper, dolomite,
toding, iron, hagneshum, manganese, nuneral premixes, wineral prodects, molybdenam,
phosphorus, potasstum, selenium, sodiam, vanadiom, matic acid, pyruvate, zine and other
mnerals,

10865] Examples of other possible active agents include, but are not bmited 1o,
antibistamines (e.g., ranitidine, dimenbyvdrinate, diphenhydramine, chlorpheniramine and
dexchlorpheniramine maleate}, nov-steroidal anti-inflammatory agents {e.g., aspirin,
celecoxib, Cox-2 inhibitors, diclofenac, benoxaprofen, flarbiprofen, fenoprofen, fubules,
indoprofen, piroprofen, carprofen, oxaprozin, pramoprofen, nwroprofen, tioxaprofen,
suprofen, anvnoprofen, fluprofen, bucloxic acid, indomethaciy, sulindac, zomepirac, tlopinac,
ridometacin, acemetacin, fentlazac, clidanae, oxpinae, meclofenamic acid, flufenamic acid
siftumic acid, tolfenannic acid, diflurisal, Qufemsal, piroxicam, sudoxicam, isoxicam,
seeclofenae, aloxiprin, azapropazone, henorilate, bromfenac, carprofen, choline magnesiwm
salicylate, difhuusal, etodolae, etoricoxib, faislamine, fenbufen, fenoprofen, flurbiprofen,
thaprofen, indometacin, ketoprofen, ketorolac, lomoxicam, logoprofen, meloxican,
mefenmmic acid, metamizote, methy! salicylate, magnesinm salicylate, nalmunctone,
naproxen, nimesulide, oxyphenbutazone. parecoxib, phenylbutazone, salicy! salicylate,
subindac, sulfinpyrazone, tenoxicam, taprofenic acid, tolmetin, pharmacestically acceptable
salts thereof and mixtures thercof, acetasinophen, anti-emetics {e.g., mtnclopramide,
mothylnaltrexone), snti-epileptics (e.g., phenylon, meprobmate and nitvazepany), vasodilators
{c.g., pifedipine, papaverine, diliiazent and nicardiping), anti-tussive agenis and expeciotidy
{e.g. codeine phosphate), anti-asthmatics {e.g. theophylling), antacids, anti-spasmodics {e.g.
atroping, scopolaming), antidiabetics {e.g., insulin, diurctios {e.g., ethacrvaie acid,
bendrofivtluazide}, anti-bypotensives {e.g., propranoiel, clonidine), antthypertensives {e.g.,
clonidine, methyldopa), bronchodilatiors {e.g., albuterol}, steroids {e.g.. hydrocortisone,
triamcinolone, preduisone), antibiotics {¢.g., tetracyeling), antibemorthoidals, hyvpaotics,
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psvchotropics, antidiarrheals, mucelytics, sedatives, decongestands {e.g. pseudoephedrine).
favatives, vilaming, stimuolants (inchuding appetite suppressants such ag
phenylpropanolamine) and cannabinoids, as well as pharmaceotically acceptable salts,
hydrates, sobvates, and prodrags thereof.

[0066] The active agent that may also be a honzodigzepine, barbiturate, stivulants, or
mixtures thereof, The term “benrodiazepines™ refers to a benzodiazepine and drugs that are
derivatives of a benzodiazepine that are able to depress the central nervous system,
Benzodiazepines mclude, but are not linvited to, alprazolam, bromazepam, chlordiazepoxide,
clovazepate, diazepam, estazolam, Suravepam, balazepam, ketazolam, lorarepam,
nilrazepn, OXAZePMN, Prazepam, quazepan, tomazepan, triazolam, methyiphenidate as well
as pharmaceuntically acceptable salts, hydrates, solvates, prodrags and nixtures thereofl
Benzodiazepine antagonists that can be used as active agent include, but are not linited o,
umazent as well as pharmaceutically accepiable salis, hydrates, solvates and mixtares
thereot.

[0867] The term “barbiturates™ refers to sedative-hypmotic drugs dertved from barbituric acid
(2, 4, 6-trioxohexabydropyrimidine ). Barbiturates inchude, but are not lamited to,
amobarbital, aprobarbotal, butsbarbital, butaibital, methobexital, mephobarbital, motharbital,
pentobarhital, phenobarbital, secobarbital as well as pharmacentically acceptable salis,
hydrates, solvates, prodrugs, and puxtures thereof. Barbiturate antagonists that can be used as
active agent inchude, but arg not imited to, amphetamines as well as pharmaceutically
acesplable salts, hydrates, sobvates and mixtures thersof,

[0068] The term “stimulants™ mcludes, but is not limited to, amphetamines such as
dextroamphetunine resin complex, dextrommphetamine, methamphetanine, methyviphemdate,
as well as pharmaceutically acceptable salts, hydrates, and solvates and mixtures thereof.
Stimudant antagonizts that can be used as active ageny fncinde, but are not Hmited to,
benzodiazepines, as well as phavmaceutically acceptable salts, hydrates, solvates and
mxtures thereofl

[0869] The sofige! capsule fornuiations sccording to the disclosure include various active
agents and their pharmacentically acceptable salts thereofl Pharmaceutically accepiable salts
wclude, but are not hvuted to, inorganic acid salts such as hydrochlonde, hydrobromide,
sutfate, phosphate and the like: organic acid salts such as {ormate, acgtate, intleorvacetats,
mulente, arirate and the Hke; sulfonates such as methasesulfonate, benzenesulfonate, p-
totuenesaifonate, and the like; amino acid salts such as arginate, asparginate, glotamate and

the like, and metal salts such as sodium salt, potassium salt, cosiim salt and the like; alkaline

L
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carth metals such as caloium salt, magnesim salt and the like; organic amine salts such as
tricthylamine salt, pyridine salt, picobine salt, ethavolamive salt, tricthanolamive salt,

dicvelobexylamine salt, NN -dibenzyviethylenediamine salt and the hke.

Methods of Preparing the Sofigel Capsude Forsudation

108781 Disclosed hereiny are methods of preparing a softged shell composition and a sofigel
capsule formudation as disclosed heremn. The methods mclude combining a non-animal
gelling agend, o water seluble polymer, and optionaily at least one of a buflering agent, 5
plasticizer or water to form a combination. The method further includes heatng the
combination to forst & molten mass. In emnbodiments, the molten mass is 3 uniform molten
mast. The method may further nelode extruding the molten mass to form ribbons,
Additionaily, the method roay include casting the ribbons on drums and forming soft capsule
shelly using 8 rotary die encapsulation apparatus. In embodiments, the ribbons may have a
thickness of e.g., about 0.001 11 1o about £.100 10, about 0.001 in {o about 0.G70 in, sbout
0.001 in to about $.050 in, or abouf 8,003 in to about 0.030 in, or about 0.010 in to abomst
§.025 in, or abowt 5.015 in o gbowt 0.021 in, or about G.017 in, or about .048 in, or abowt
0.019 1n, or about (.020 1n, or about (.021 10, or abouwt 0,022 in. In cortain embodiments, a
netiing can be formed from the combination. The netting can be subsequently melted and
reused fo form ribbons,

16671] In one embodiment, the method may finther include mixing the plasticizer with the
water, if hoth are present, to form a plasticizer solution. The method may further include
mixing the syathetic polyvmer, non-animal (natural) gething agent, and buflering agent (if
present) with the plasticizer solution. In the same embodiment or in altemative embodiment,
the conmmbining may farther nclude mixing the plasticizer with the non-animal gelling agent to
form a solution, wixing the salution with water to form a plasticizer solution, and suxing the
water soluble polymer and baffering agent with the plasticizer solution (which include the
non-animal gelling sgent therein). The combining may comprise introdacing each of the
water soluble polymer, non-animal gelling agent, buffering agent, plasticizer and water jnto 8
low shear mixer, In embodiments, the combining o be for about 1 min to abowd 3 hows, or
about S min to aboul 2.5 howrs, or about 1S min {o about 2.0 hours, or abowt 20 min o about
1.5 hours, or about 30 min to 1.4 how, or about 5 min (0 about 36 min. The combining can
be at & temperatore of ahout 43 °C to about 90 “C, or about 50 °C to about 83 °C, or about 35
S 1o about 80 °C, or abouat 60 °C to about 70 °C, or about 35 °C, or about 60 °C, or about 635

. The combining can further inchude increasing the temperature to about 95 °C 1o abowut
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123 °C, or abowt 100 °C to gbout 120 7C, or about 103 °C 1o about 115 °C, or about 83 °C, or
ahout 96 ~C, or about 97 °C, or abowt 88 *C, or about 99 °C, or ghout 100 °C

{08721 According o cerfain embodiments, the method may further inchude transferring the
combination to a receiving fank, The combination or matenal in the receiving tank may be
transferred to a heated vessel 1o heat the material therein,  In coertain embodiments, the heated
vessel may heat the combination to a temperatare of about 80 °C to about 113 °C, or about 85
o about 100 °C, or about 83 °C o abowt 95 *C. According to vertain erobodiments, the
methad may nclude injecting a coloring agent iinto the combmation.

{00731 The method may also further inclade transferring the combination to an encapsulation
apparatus. fn centain embodiments, the method may include encapsulating a 81 material
within a softge! capsule fill material, formed from any of the above-described combinations,
to form a phurality softgel capsule dosage forms. The method may also further include diving
the plurabity of softgel capsule dosage forms in a tumble dryer. Certain embodiments finther

inchade packaging the plorality of softgel capsule dosage forms.

Methods of Treatment

[8074] Dhisclosed heretn are methods of tresting, preventing, minimizing or ameliorating a
condition, treatable by the active agents included 1n the fill matertal of the softgel capsules
deseribed herein, in 2 subject in need thereofl The methods include sdmimstering any of the
softgel capsules deserthed heredn to the subject 1o need thereo!f, whereby the condition is
froated, mevented, minimized, ameliorated, or reduced upon administeation of the softgel
capsules.

{6075] The terms “treatment of " and “treating” inclade the administration of an active
agent(x) with the intent to lessen the severity of a condition.

[0076] The terms “prevention of” and “prevesting” include the avoidance of the onset of a
condition by a prophylactic adimimstration of the active agent.

18077 The term “condition” or “condiions™ may refer to those medical condiions that may
be treated, prevented, minimized, or amebiorated by administration of an effective amount of
any of the active agends or cosmetic agends described herein, In certain embodiments, the
term “condition” or “condifions™ may refer to pain.

{HO78] In certain embodiments, the softgel capsules deseribed herein (.., those that include
a non-animal derived gelling agent, water soluble polymer, and at least one of bufleving

agem, plasticizer, and water) contribute 1o a faster Twes as compared to sofigel capsides that

4
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do not inchude one of the componenis reciied hereinabove {such as the water soluble
polymer).

{0878 Taes refers to the tine for the plasma concentration of an active agent 1o reach 8 Cra.
[0088] Coae refers to the maximam plasma concentration of an active agent.

JO081] As used heran, the terms “effective amount™ refer to the ameund anddor the rate of an
active agent or of 8 cosmetic agent needed to produce a desired therapeutic or cosmetic vesult.
{6082} The term “subject” refers to a homan or animal who has demonstrated a manifestation
{clinical or otherwise) of a condition suggesting the need for treatment with any of the active

agents described herein.
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[0083] Specific embodiments of the disclosure will now be demonstrated by reference to the

following examples. It shoald be understood that these examples are disclosed solely by way

of Hustrating the disclosare and should not be taken in any way to bmit the scope of the

present disclosure.

Example |

[0884] Comparison of softgel capsule formmudation to non-animal gelling agent capsule shell

composition without & water soluble polymer {control) and with a water soluble polymer.

The dissolution is tested with & USP Apparatas H with paddies at 75 RPM 18 900 mi of 0.IN

HCL and deionized water at 37 degrees €. The test shell composition iy a samyple that 1 1.8

ch {25.4 mm) in diwoeter and 0.7 vuw and 1.4 mm thiek.

Table I
Control Exp 13- PV4- | Expdf—-PVAw | Exp 14 - PFA- _
Formula . o Exp 24 - PV A4
Currentl | PEG copolymer LS PEG copolymer
Ingrediens (Wt %Ratie We% | Rato® | W% Ratio® | We% | Ratlo® | WrL% | Ratio*
Modified |20~ 3.0~ I - 16 -
16-254 25-4 | 46-25 ) 25-4 25-4 254
Starch 32} 43 23 23
25 35-
Carrageenan - 127 10} 4-10 1.4 3-9 1.0 q 1.4 I’ 10
Bufter Agent
fSodivm  {0.8-10.3 (2 1 06 .2 Q.04 | B3 g4~} 0.2 .04 -
Phosphate { 1.2 1 1.1 15 0.6 1.3 6 1.3 0.6 1.5 {6
dibasic)
Plasticizer {10+ ] 1.8~ 1.3 i3 - L3 15- {3
15-30 I5-30 1 1372
tPolvsorb) § 30 | 4.0 7.2 30 7.2 30 72
Water
soluble
polymer - @3- _ g4~ | 406
_ , { & G051 - - - -
Kollicoat IR i 8 1.2
{polyviayl
wleohol-
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slveol graft
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Water
sofuhle
polviney - 24~ ¥, - 3.4
- e & - - 0.3 1.4 -~ o~
Polvvinyi 7.0 9.0 L&
Alephol
(PF4)
Kolliphor
SLS Gsodium
3.5 - ] o
legaryl { ] - - 7 #1008 - - - -
) 3.0
sulfatel-
plasticizer
35- 3i5- 35~
Water ~ § 35.55 . 35- 55 e - o
55 33 AN
Complete
fitm GINT f0IN 0N IN _ 04N
Wateri Water ) Wenter o Water B Water m
dizsolution FCE HC HCE HCl HCI
{miin)
Sample 1 163.257 - 1236 19.27 16,46 8.2 518 23.02 } 1256} j027
Sample 2 {7105} - 1822 19,48 936 739} HLST L 31390} BS22 1 1v48
Sample 3 - - 12.68 22.4 10,03 17.26 G48 | 2449 {1 JLOX 230
Sanple 4 - - 12,31 24.55 J6.13 2232 V1537 2426 } 1236} 2453
Scmple 3 - - 1647 + 2211 i1 2209 VIAGR Y o0 | led? 2211
Somple 6 -- - 1519 ¢ 2132 10.22 243 13.37 2048 | 1319} 2132
Average - -
{mirnddes) 1447 | 21.46 10.2% 1959 { J3.32 ) 2244 } H47 | 2146

¥ Weight ratio with respect to Carrageenan

[0083] As can be seen in Table 1, the control non-animal gelling agent eapsule shell

composition without a water soluble polvmer had a dissohustion time in water of 63.25

minutes and 7105 minutes, In comparizon, cach non-animal gelling agent capsale shell

composition with a water soluble polvmer {whether PV A by isell, PVA with SLE, or PVA-
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PEG copodymer), all had a paueh faster dissolution fn water (loss than 20 minetes) and in
{IN HCE (less than 235 minutes).

[0086] Interestingly, faster dissolution was observed in non-animal gelling agent capsele
shell composibon that incladed PV A with SLS than any of the other water soluble polymars,
The shell composition that included PVA without SLS exhibited a similar dissolution to shell
composition that include PVA-PEG copolymer as the watter soluble polymer,

10887] Without being construed as liniting, i 18 belioved that the type of the water sohuble
polymer as well as the weight ratio of the carmgeenan o the particular water soluble polymer

may affect the dissolation tme of the shell composition,

Example 2
[0088] The solubslity of various sofigel shell compositions was evaluated by incorporating
nataral or synthetic water soluble polymers as shown in Table 2 below,

Table 2 — Softgel Shell compasitions

¥1 ¥2 F3 | Fa F-5 | Feb

Ingredient 3 : » -

f Wt% | We% | WL% Wi [ Wit | Wit
 Carageenan 2-20 215 1213 1218 12-158 1215
| Plasticizer (e.g., sorbitol) 8- 45 8- 45 R-45 [R-45 B-45 | 8-43

Sodium Phosphate Dibasic ‘
02-4 [02-4 [02-4102-4 102-4]02-4
- (Buffer Agent) :

Polyvinyl alcohol (PVA)

| - 05-12 |- - 1410 | 1-10
{water soluble polymer) f

- Pullulan {water soluble

- - -5 - 112 |-
polymer) f

Polyvinyl aleohol-

polyethylene glycol ‘

- copelymer (PYA-PEG - - E 1-20 |- 0.5-8

copolymer) (water soluble

polymer)

fﬁﬁS‘—)iﬁ Softgel shell compositions per above ﬁ)mmimiéns (F-1 through F-6) were prpared.
Formulations F- through F-4 were cast into films. Shell compositions F-1 through F-4 were
allowed {o dry to moistire of 6 wi % — 15 wi. %%, based on total weight of the shell
composition. The dried shell compositions were evaluated for film strength and elasticity

220 -
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gsing @ Texture Analvzer, Table 3 summarizes the strength and elastieity of shell

compositions prepared using various water soluble polymers. The data is generated using dry

shell composibons containing 6 wi.% -1 5wt % woisture, based on lotal weight of the sofigel

shall compasiBion.

{0098] The Texture Analyzer test conditions for mcasuring strength and elasticity were as

foltows: the softgel films having compositions F-1 through F-4 were mounted onto

platform. A quarter inch ball probe traveled towands the sofigel filns at 2mav/second wntid the

probe penetrated the film. The measured force was the fHor’s strength. The measured distance

was the film’s elasticity. The test was conducted at smbient conditions.

Table 3 ~ Film Strength and Elasticily of Softgel Shell compositions ¥-1 through F-4

3 » F1 k-2 3 ¥4

- Ingredient §

i W% Wi.% Wt.% - Wt%
Carmgeenan 330 378 215 ‘

- Plasticizer (2.g., )

‘ 8-45 8- 45 8- 45 - 45
- sorbitol)

' Sodium Phosphate 7

o 12-4 024 0.2-4

- Dibasic (Buffer Agent)

' Polyviny! alcohol (PVAY | - 0.5-12 - -~

- Pullulan {Water Soluble |

- - - 15

 Polymer}

' Polyvinyl alcohol-

polvethylene glveol

copolymer (FVA-PEG - - -- - 20
copolymer) (water

soluble polymer) :

Film thickness (in} 0.014 014 0.014 0013
“Strength (Rg) 19 58 33 6
Elasticity {mm) 7.5 8.3 8.7 7T

[0091] As can be seen in Table 3, the controd non-animal gelling agent capsule shell

composition without a water soluble polymer had a strength of 4.9 kg and an elasticity of 7.5

aun. In comparison, each non-animal gelling agent capsule shell composition with a water

-
ot
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sohuble polymer (whether PV A by itself, Pulbdan, or PYA-PEG copolymer), all were

stronget, with a strength greater than 5 kg and more elastic with an elasticly greater than

1.

Example 3 - Softgel Shell compositions — Dissolution Date

16692] Softgel shell compositions, prepared with varying concentrations and tvpes of water

soluble polymers, weere cat into 1717 aquares, and their solubility was evaluated m 8. IN HUL

using LISP Apparatus H with 75 RPM paddle speed in 01N HCE with detonized water at 37

°C. Table 4 presents the solubility data {also reforred to as dissolotion data) on shell

compositions prepared using various water-solable polymers.

180931 The type and concentrations of carrageenan, plasticizer, and buffer agent used in the

samnples of Table 4 below, were the sane as desertbed i Table 2 for foramlations F-2

through F-6,

Table 4 ~ Dissolution of Dried Sofigel Shell composition in 8.IN HCI Media af 37 °C

‘ Concentration | Dissolation Time (Min)
Polymer Wit Dissolution Start Complete Shell
‘ Time (Min) Trssolution Time (Min)
Polyvinyl Alcohol {2 8 21
(PVAG 4 8 22
| 2 & 27
g 4 & 29
- Pullulan
s g @ 28
8 Q 29

[0094] Without being comstroed as Hmiting, it is believed that the type of the water soluble

polymer as well as the weight ratio of the carrageenan o the particular water seluble polymar

may affect the dissohstion time of the shell composition.

Example 4 — Sofigel Capsule Formualations— Dissolution/Disintegration Data

[0093] Placebo softgel capsules using polyvinyl aleobol and pultulan were manuthctred.

The softgel capsales contained 900 mg of sovbean oil as the fill material, The sofigel shell

compeositions that encapsualated the fill material contained the type and concentrations of

carrageenn, plasticizer, and buffer agent that were ased in Table 2 for formudations F-2
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through F-6. The water soleble polymer type and concentrations in the respective sofiged fill

materials that encapsulated the soybean off were as deseribed in Table S, After the capsules

were dried, the capsules were subjected to dissolution tests to evaluate the rupture

timefsotubitity of capsudes.

{8896] Dissolution method:

Apparatus:
Temperatora:
Media;

Paddie speed:

LISP Appavatus 1}
37 =

0.IN HCE

56 and 75 RPM

Table 5~ Dissolution of Placeho Non-Gelatin Softgel Capsuley

Dissolution

Sample Rapture Time (min)

37C

; Ohservation 2 wt% 3

- eondition Standard Control 2wt % PYA
Pullulan |
0N

at 75 RPM Shell Rupture (min) | 16 3.5 {3
RFEN

0.1 N HC

at 30 RPM Shell Ropture (ming | 17 35 -
37

FASSGR®*

(Pepsin SORPM) | Shell Rapture (mind | - 3.3 -

& FAKSSSOF stands for Fasted-State Sinmulated Gastrie Flaid

{00971 As can be seen from Table 5, sofige! capsules with a shell composition that includes a

water soluble polymer (PVA or Pellolan) exlubit faster dissolation time at 001N HCOL at 37,

at 75 RPM. The shell composition that included Puthulan had a faster dissolution time at 01N

FCI than the control, and then that of the shell composition that included PVA. The shell

composition that included Pollulan maintained a similar dissohution time at G IN HOY at 37-C

at S0 RPM and at G.IN HOL with Pepsin at 37-C at 30 RPM,

§098] Disindegration tests were performed on the control sample, non-gelatin sofigel
] £ ¥ & &

capsules without pullulan, and on the non-gelatin sofigel capsades containing 3 w1.% pullolan

using ISP disintegration apparatus, The resull is presented in Table 6, Softgel capsales

24
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contatning 2 wit pellelan ruptured much faster than the sofigels without pullulan, The
addition of pullulan resulted in faster disintegration.

Table 6 - Disintegration Results of Non-Gelatin Softgel Capsuales Containing Pallulan

Disintegration Time (min)

Test condition | Observation Control (¢ wt.% ‘

i 2 wt.% Pullulan
Pullulan)

Disintegration | Initiad Rupture {min) S 7

0N )

L Complete shell dissolation {mun) | 3 26

HOWRC

FExample 5 ~ Comparative Dissolation of hapenfen Softgel Capsules

8099} Comparative dissolution tests were conducted using non-gelatin sofige! capsules
contatping 200 mg thaprofen manefachwed osing standard non-gelatin shell composition and
non-gelatin shell composition, accomding to an embodiment, containing 2 wt.% pullulan, The
softgel composition for the standard non-gelatin sofige! capsule (CS100A) and for the non-
gelatin softged capsule containing 2wt % pullalan, according to an embodiment, are
summarized in Table 7 below. Figure | sanunarizes the outcome of the study, The dissolution

test was performed on USP Apparatus 11, paddie speed of 75 RPM, in 01N HCE at 37 ~C.

Table 7~ Softgel Compositions for lbuprefen Seftgel Capsules

) CE100A 2 wt.% Pullulan
Ingredient '

| Wi W%
 Carrageenan 2-20 215

- Plasticizer B- 45 8- 43

Sodium Phosphate (Buffecing Agent) 4.2 -4 0.2-4

' Pullulan (Water Soluble Polymier) - 28

{0186 The result shows that non-gelatin Ibuprofen 208 myg softgel capsules containing 2

wt. % pullulan, according 1o an embodiment, ruptared sooner at T8 mumites than standard

non-gelatin Thuprofen 200 mg softgel capsules that ruptured at 24 minutes, Similarity Factor
{F2} was caleulated to be 44, which indicates that the two dissolution profiles arg different.
Pullulan softgel capsules had a faster droug release rate than standard control non-gelatin

Thuprofen 200 my softgel capsules, which may help achieve a faster onset and shorter T

'
-
L
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[0161] The term “similarity factor {12)7 18 & quantitative measure indivative of the similarity
of the releuse profile of two dosage forms, The release profiles of two dosage forms are
comparative, similar, or bloequivalent if the £2 value s no less than about 50 (based on the
FDA Guidance to Industry iszeed in December 2017 regarding bioeguivalence stidies for

solid orat dosage forms),

16182} The preceding description sets forth manerous specific detatls such as examples of
spectfic systems, components, methods, and so fortly, in order to provide a good
understanding of several embodiments of the present invention. 1t will be appavent to one
skilled in the ant, however, that at feast some embodiments of the present invention may be
practiced without these specific details, In other instances, well-kaown componenis or
methods are not desceribed in detail in order to avold unnecessarily obscuring the present
invention. Thus, the specific details set forth are exemplary, Particular embodiments may
vary from these exemplary details and still be contemplated to be within the scope of the
preseat mvention,

{01831 Although the operations of the methods hervein are deseribed in 2 particular order, the
order of the operations of each method may he altered so that cevtain operations may be
performed in an inverse ovder or so that certain operation may be performed, at least 1w part,
concurrently with other operations.  In another embodiment, instructions or sab-operations of
distinct operations may be in an intermittent andfor alternating manner.

{6104 11 15 1o be understood that the above deseription is intended to be HHlustrative, and not
restrictive, Many other embodiments will be apparent o those of skill in the art upon reading
and onderstanding the above description. The scope of the mvention should, therefore, be
deterntined with reference to the appended claims, along with the full scope of equivalents to

which such claims are entitled,
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CLAIMS

WHAT IS CLAIMED IS:

i. A softgel composition comprising:

g shell composition conyprising & now-animal devtved gelling agent and a water soluble
polymer, the shell composition completely dissolving in less than 30 nunotes when subject o
a dissolution with a USP Apparatus H with paddles at 75 RPM in 900 ml of G.IN HCL and
deionized water a1 37 degrees C; and

a fill material encapsulated within the shell composition.

2. The softgel composition of claim 1, wherein the non-anims] derived gelling agent
comprises carrageenan, starch, pregelatinized starch, xanthan gum, agar, pectin, alginate,

sugar, high molecular weight polvethylene glyeol, sugar derived aloohid, a cellulose dertvative,

a cellulosie polymer, hvdroxyethyleethdose, hydroxypropyleetiulose,
hvdrogypropylmethyleethdose,  carboxymethvicellalose,  microorystalline  cellulose,

attapulgite, beatonite, dextrin, alginate, kaolin, lecithin, magnesium aleausoem silicate,
carbomer, carbopol, silicon dioxide, cardlan, furcelleran, albuwmin, soy protein, chitosan, or a

combination thereof

3 The sofigel composition of myy one of the preceding claims, whorein the shell

composition further comprises a plasticizer,

4. The softgel composition of any one of the preceding claims, wherein the shell

composition further comprises » bufier agent.

3 The softgel composition of any one of the preceding clatms, wherein the water solable
polymer comprises polyvinyl aleobol, puiluian gum., polylactic acid, polyvinyl alechol-

polyetlviene glveol graft co-polymer, high moleculsr weight polyethylene glyeol, povidone, a

surfactant, or & combination thepeof

G. The softgel composition of claim §, wheretn the sinfactant is sodimn Tauryl sulfate,

H
e
g

5
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7. The softgel composition of any one of the proceding claims, wherein the shell

composition dissolves in less than 25 minutes, less than 20 nunutes, less than 15 minutes, Tess

than 1 minates, or less than § mibmtes.

& The softgel composition of any one of the preceding claims, wherein the nop-aninal
derived gelling agent comprises carrgeenan and starch.

9. The softgel composition of any one of the preceding claims, wherein the weight ratio
of carrageenan to starch in the shell compaosition is about 1:1 10 about 110, about 1:1 1o about

128, about 1:1 to about 113, or about 1:2.5 o about 1:4.5.

10, The sofigel composition of clum 9, wherein the carrageenan comprises iota

carragecnan, kappa carrageenan, lambda carrageenan or a combination thereofl

1. The softgel composition of any one of claims 8-10, wherein the starch comprises native
starch, modified starch, potato starch, corn starch, tapioca starch, pea starch, hydroxy
propylated starch, hydroxvalkylated starch, acid-reated starch, dexirin and a combination

thereof.

12 The sofigel composition of any one of the preceding claims, wheren the non-amnmal
gelling agent is in an amouns of from about 2 wit% o about 40 wi%, based on total weight of

the softgel capsale shell composition,

13, The softgel composition of any one of the preceding claims, comprising less than 10
wi.%o, Tosx than § wi%, or less than 1 wi% of an andmal derived gelling agent, based on fotal

welght of the softgel capsule shell composition.

4 The softgel composition of claim any one of the preceding claims, wherein the shell

composition does not contain an anmal dertved gelling agent.

15, Thesoftgel composition of claim 3, wherein the plasticizer comprises ghyveerin, sorbifod,

sorhitol and sorbitan solution, triacetin, sodium Iyl sulfate or combinations thereof,
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16, Thesofigel composition of clatim 2, comprising the high molecular weight polvethylene
glyeol, wherein the high molecular weight polyethyvlene glycol has a range of mumber average
molecular weight of 600 Da ~ 2,000,000 Da or a combination of polvethylene glycols of

varying nosher average molecudar weights within the range of 6610 Da - 2 060,600 Da.

17, The sofigel composition of claim 3, wherein the plasticizer is in the softgel capsule shell
composition i ay amownt of from about .3 wi.% {0 ahoul 40 wi %%, based on total weight of

the sofiged capsule shell composition.

18 The sofigel composition of ¢lam 4, wherein the buffor agent 1s in the sofigel capsule
shell composition i an amount of from abomat 8.1 wi % to about 5 wit %, based on total weight

of the softgel capsude shell compasition.

19, The softgel composition of claim 4, wherein the buffer agent is selected from dibasic
sodimm phosphate, monobasic sodivn: phosphate, sodivm  bicwrbonate, sodium eitrate,

disodivm  phosphate, calcivm  phosphate, dibasic caloium phosphate, tribasic  calcium

phosphate, monobasic potassivum phosphate, dibasic potassiinm phosphate and a combination
thereof.

200 Ansoftgel composition comprising

a fill material comprising an active agent o a cosmetic agent, wherein the [l matorizt
is encapsulated by a shell composition, and wherein the shell composition comprises a non-
animal derived gelling agent and a water soluble polvimer, the shell composition completely
dissolving in fess than 30 nunutes whea subject to a dissolution with a USP Apparatus 1 with
paddies at 75 RPFM in 900 mi of 61N HCL and detonized water at 37 degrees (.
2L A softgel composttion comprising & fill material encapsulated by 3 shell composition,
wherem the shell composition comprises:

a non-ammal dertved gelling agent comprising carrageenan, stareh, or & combination
thereof? and

a water soleble polymer comprising polyvinyd alcohol, pulludan gam, polylactic acid,
palyvinyl aleohel-polyethylene glveol graft co-polymer, high molecular weight polyathylenc

ghyeol, povidone, a suefactany, or a combination thereof.

faciynd
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22, The soflgel composition of any one of elaims 20-21, wherein the Gl material comprizes
a hydrophilic material, a lipophilic, an amphiphilic material or a combination thereof,

23, The sofigel composition of any one of claims 20-22, wherein the shell composition
comprizes a surfactant.

24, The sofigel composition of any one of clams 20-23, wherein the il material is a

solution, suspension, seny solid, or solid.

25, The softgel composition of any one of claims 21-24, wherein the fill material comprises

an active agent or a cosmetic agent.

26, A method of preparing a softge] composition comprising:
combining a non-animal gelling agent, 2 water soluble polymer, and optionally at least

one of & buffering agent, » plasticizer, or water {o form a combination; and

encapsulating a fill material in a shell composition comprising the combination.

Tl
~3

The method of claim 26, wherein combining comprises:
puxing the plasticizer with water 1o form a plasticizer solution; and
pxing the water soluble polvmer, non-animal gelling agent, and the buffering

bed L W

agent with the plasticizer solutivn to form the combination.

28, The method of claim 26, wherein combining comprises:
mixing the plastictzer, the non-animal gelling agent, and the water to form a
plasticizer solution;
muxing the water soluble polymer and the bulfering agent with the plasticiver

solution io form the combation.

20, The method of any one of ¢laims 26-27, further comprising heating the contbmation to

form a molien mass,

34, The method of claim 29, wherein the molten mass 18 wiform,
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31, The method of any one of claims 29-340, further comprising extruding the molten mass

to form ribbons.

32, The mothod of claim 31, wherein the nibbons have thickness ranging from aboug (L08H

inches 1o about 0.050 inches.

33, A method of reating a condition, comprising administering to a subject 10 need thereof
the softge! composition of any one of clatms 1-25 or a sofigel composition prepared according
to the method of any one of clatms 26-33, wherein the condition is treated, prevemted,

amchiorsted, or reduced apon adounistration,

1
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