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mucoadhesive polymer. Methods of making and using the composition are also provided.
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COMPOSITION FOR ORAL DELIVERY OF BICACTIVE AGENTS

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority banefit of U.S, Application. No, §1/812 958,

filed & December 6, 2013, the entirety of which is incorporated heredn by referance.

BACKGROUND OF THE INVENTION

Oral administration of drugs and vaccines offers several advantages. Dosages could bs administered
3 g large numbsar of animals via the food or water with minimal restraint and labor. Resiraint also stresses
animals rendering the drug or vaccination less affective and increasing the risk of infectious disease. For
raeal-producing animals, oral administration has another advantage in that i avoids injection site reactions.
Broken needies, contamination of the injection site, or the use of highly reactive adjuvants can inducs
abscesses that damage the carcass and the skins. These rsactions decraase the value of the animal at
slaughter. This is also an issue in fish vacaination programs where fish need 0 be harvasted from thelr tanks
or open sea cages and injected individually, Oral inoculstion s quick and efficient and eliminales the need for
ruttipte handiing of animals {o administer subseguent boosler inoculalions. Advarse immunsg reactions
following oral administration ars also much less likely to pocur and are therefore safer.

Cral vaccination is a particularly cost sffective way 0 vaccinale or real a large number of

fish &t one time in fish aguaculiure systems, with minimal siress or iabor, This is especially frug
when oral administration of the vaccing can be effecied through ingestion during the course of
feading/drinking. Further, oral vaccines can be manufactured mors cost effectively than injectable
vaccine formulations because of the fewer purification sleps naseded o generale an oral vaccine.
Oral vaccination also offers the advantage of fewer side effects such as stress or other reactions to
the infection.

Despite the advaniages of oral adminisiration of drugs and particularly vaccinegs, the
developrasnt of the technology has been delayed by the lack of adequate vaccine delivery syslems. in the
absence of suliable delivery systems, most oral vaccines undergo degradation in the gastroiniestinal (Gh
fract, sspecially undsr ow-pH stomach conditions, resulting in lirnitsd absorption, which in twm results in
insufficient immune r8sponses.

Historically, immunization has relled on the induction of hurnoral immunily by parenteral

adminisiration of vaccines. Arntibodies inducaed by parenteral adminisirations
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do nol, however, necessarily reach mucosal surfaces, the sites of entry of most infectious agents.
Mucosal immurily, which develops at mucosal surfaces including the intesting, lung, mouth, eys, mammary
giand, and the genifourinary iract, and also skin and gill in fish, as a result of contact of antigen with
nuicosal lssues, is an important first ine of defense against infecticus agents.

Various vehicles have been developed (o deliver drugs or vaccines o the gul- rucosal
fissuyes. Biodegradable polymers, such as poly-{Di-lactide} and poly-{DL- lactide-co-glycolide), have been
used to produce compaositions for oral administration of antigens. Howsver, produciion of these polymer
particles requires the use of solvents that car harm fragile antigens. Furthermore, the use of solvents
prevenis the incorporation of atlsnuatad Hve organisms, such as viruses or hacteria, within those
comnpositions.

{Other challenges of developing adequate oral delivery systams include the need o select
only food or feed grade and bicdegradabile compounds and adjuvants, and the need for a long-lasting and

robust Inmune rasponse,

SUMMARY OF THE INVENTION
inone aspact, the ihvention provides a compuosition for oral administration of & bioactive
agent i3 aquatic or terrestrial species, including particles each of which includes a bioactive agent
dispersed in off droplets, the oif droplets being dispersed in a malri including an entaric coating polymer,
wherein the particles sach further include a mucoadhesive polymer,
in another aspect, the invention provides a msthod of post gastric delivery of a bioactive
agent fo an animal, including a step of crally administering to the animal a composition as described above,
wherein the bloactive agent is an immunogsn.
in another aspect, the invention provides a mathod of vaccinating aquatic or terrestrial
speciss, including a step of orally administering to the species a composition as describad above,
wherednt the composition is a defivery vehicle for a vaccine,
in another aspadt, the Invention provides a method of preparing a composition. The method
includes, in ssquenca:
{&) forming an aquecus mbdure including a dispersad or dissobved bicactive
agent;
{e)] homagenizing the aguacus mixture of step (@) in ofl Io produce an enulsion of the

aguecus mikiurg in the off;
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() forming a shiry of the product of step (b} in an agusous solution incliding an enferic coating
polymer; and sither
{dl} spraying, dropping o injecting the siurry of siep (¢} into an aguecus solution
cortaining & crosslinking agent for the enteric coating polymer to form the parlicles, wherein the aguaous
mbture of step {a} frther Includes a mucoadhesive polyimer, or
{42} forming the particles from the shurry of step {¢), wherein step (b} further includes forming
dropists of the emulsion in agueous mucoadhesive polvmer and crosslinking the mucoadhasive polymer
fo form interrmediate particies.
DETALED DESCRIPTION OF THE INVENTION
Unless oiherwise definad herein, scientific and fechnical terminciogies employed in the present
disclosure shall have the meanings that are commonly understond and used by one of ordinary skill in
the art. Also, as used hersin and in the claims, the tsrms "at lsast one” and "one or more” have the same
meaning and include one, two, three or mors, Unless otherwise indicated, percentages or parts of
components in compositions are on a8 weight basis. The term "dispersed” means suspendad andfor
dissolved.
"Orat vaccinagtion” is defined as the oral administration through the dist of immunogenic material
o stimulate the systemic imimuns system of an animal 10 develop a specific immune response to a pathogen.
"Crossiink” and variants thereof refers to the finking of two or mors materials andfor substancas,
including any of those disclosed herein, through one or more covalent and/or nonr-covalent (8.9, lonic)
associations, Crosslinking may be effected naturally {e.g., disulfide bonds of cystine residues) or through
synthatic or sembsynthetic roules. Crosstinking of charged polymers can be sffectad by lonic associalion
with @ podyvalent counterion of opposite charge. Firm, solid structures, for example hydrogels, can be
prepared by such orosslinking.
"Gastric protection” refers o the profeciion of a bioactive agent from gastric destruction
and oss of activity.
The compositions of the inventinn include particulale materials comprising a
bicactive agent and a mucoadhesive polymer, wharein the bioactive agent is disparsed in an oil. The ol
dropleis ars in burn embeddsd in, or coated by, an sxdemal matrix of an enteric coating polymer. The external
matrix strrounds the off droplets, protecting the contents from exposure 10 low pH conditions in the animal’s

stomach, since the polymer remains insoluble at inw pH and remains intact as a profective coating or laver. The
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particles typically have an average geomelric size (sometimes refarrad 1o as diamelsr in a range of

10 to 5000 um, and may eithsr be formed dirsctly in thal size range or reduced o that size by milling,

grinding, or other means. Usually, the particles have a diametsr of lass than 100 um, praferably lsss

than 50 pm.

in some embodimenis, the mucoadhesive polymer and the bioactive agent are mixed {ogether

and in mutual contact, associated together within particles that are in lurn dispersad in the off droplet. One or
more of these particiss are present within a single oll droplst, and one or more Gl droplets are present within
the axternal matrix. The mucoadhesive polymer andior the enteric coating polymer may be crosslinked or not.
in other embodiments, the bioactive agent is dispersed as above within off dropletls, and these are then
asmbedded in the mucoadhesive polymer. The resulting parlicles are in furn embedded in the sxtsmal
matrix of entsric coating polymer, The mucoadhesive polymer andf/or the enteric coating polymar may be
crosshinkad or not.

In some embodiments the invention provides a composition for oral administration of a vaccine to
stimulaie an immune response in aguatic and terresivial spacies against specific diseases. The
compositicn comprises an effective amount of an antigen as the biocactive agent. The present
cornpositions are designed o present the binactive material for contact with the qui mucosa of the
anirnal to stimuiate uplake and mucosal immunity. Compositions according to this invention are
adminisierad orally, typically with a feed or pharmaceutically acceptable carrer, including, for axarmple,
water {e.g., animal drinking water}, tablais, capsules, bolus dosage forms, fead paellets or as a food
additive to carry the composition inte the gut of the targeted species.
The compositions of the invention provide several advaniages in delivering a bioactive agent to a subjsct. First,
the method of making the delivery sysiem sliminatas the uss of organic sobvents or high tempsaralure and pH
which are offen requirad for the praparation of particles by other methods. By maintaining an aquenus
environment at mild pH conditions and low temperatures throughout the preparation of the present composition,
sansitive bipactives such as live attenuated bacleria or viruses can be orally delivared. Second, the additional
laver of enteric coaling polymer protects the bivactive agsnt against degradation in the gastrointestinal tract. In
the case of an immunogan, this allows stimulation of the same immune response with & smailer amount of
antigenfvaccine. Third, the ofl dispersion encloses the hioaclive agant, preventing small bicactive molecuiss

such as proleins, peplides and drugs from leaching o an
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aqueous environmeant during praparation, as well as during gastric exposure. Further,
mucoadthesive polymer itself provides an adjuvant sffect. Finally, the delivery systam can be easily
formutated for efficient delivary to both aguatic and terrastiial species.

Typically, all componenis used in preparing the inventive compositions are food grade, nore
toxic and biodegradable, and bypicaily naturally occurring. A descriplion of materials useful for preparing the
compositions follows.

Binactive Agent

The bioactive agent may be a naturally occurring, synthelic, or semi-synthetic material (e.q.,
cormpounds, fermerniates, extracts, celivlar slructures) capable of eficiting, directly or indirectly, one or more
physical, chemical, andfor biclogicat effects. The bicactive agent may be capalde of preventing, alieviating,
fraating, and/or curing abnormeal and/or pathological conditions of a living body, such as by destroving a
parasitic orgarism, or by lirsiting the effect of g disease or abnormality. Depending on the effect andior its
apphication, the bioactive agent may be a pharmaceutical agent {such as a prophylactic agsni or tharapeutic
agent), a diagnostic agent, andfor a cosmetic agent, and includes, without Emitation, vaccines, drugs,
prodrugs, affinity molecuies, synthatlic organic molecuiss, hotmonas, antibodies, polymers, snzymes, low
rolecutar weight molecules proteinacecus compounds, peplides, vitamins, stercids, stercid analogs, lipids,
nuctetc acids, carbohydrates, pracursors thereof, and derivaiives thersof. The bicactive agent may also be a
nutritional supsdement, Non-imiting nudritionat supplements include proteins, carbohydratas, waler-soluble
vitarnins {8.g., vitamin €, B-complex vitamins, and the like), fai-soluble vitamins {e.g., vitamins A, D, E, K,
and the like}, minsrals, and herbal extracts. The bioactive agent may be commercially available andfor
prepared by known techniques.

Bicactive agents in the prasent invention includs, without limitation, vaccines {(vaccines can also
he deliverad as part of immune-stimulating complexes, conjugates of antigens with cholem toxinand s B
subunif, lsctins and adpavants), antibiotics, affinity molscules, synthetic organic molscules, polymers, low
molecular weight proteinacsous compounds, peptides, vitamins, sterolds, sterold analngs, Hpids, nucleic 36
acids, carbohydratas, pracursors thereof, and derivatives theraof. Tha bioactive agent may also be a pesticide,
for exaraple a rodenticide.

The bioactive agent may be an immunogen, 1.8, a malerial capable of mounting a specific
mmune responss in an animal. Examples of immuncgens include antigens and vaccines. For example,
immuncgens may includs immunngenic peptides, proleins or recombinant proteing, including mibdures

cormprising immunogenic peplides andfor
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proteins and bactera (e.g., bacterins); intac! inactive, altenualed, and infeclious viral particles; infact
killad, aftenuated, and infectious prokaryotes; inlact kiled, attenuated, and infectious prolozoans
including any fife cycle stage thersof, and intact killed, atenuated, and infactious multicellular pathogens,
recombinant subunit vaccinss, and § recombinant veciors 1o deliver and sxprass genes encoding
immunogenic profeins {s.g., DNA vaccines).

The one or mors bioactive agsnls typically constilute at lsast §.1% of the waight of the particles,
axcluding water, or af lsast 1%, or at least 5%. Typically, thay constitile at most 40%, or at most 20%, or

at most 10%.

Mucoadhesive Polyvmear

The mucoadhesivs polymar s a polyrmer that specifically binds to mucosal lissues, and heips

retain the bicactive agent in close proximity o the mucosa, thereby improving administration. Suitable

examples include synthetic polymers such as polv{acrylic acid), hydroxypropyt methylesliuioss and poly{mathyl

acrylate}, carboxylic-functionalized polvmers, sulfate-functionalized polymers, amine-funclionalized polymers,

and

derivatives or modifications thereof, as wall as naturally occurring polymers such as carragesnarn,
hyaluronic acid, chitosan, cationic guar and aiginate. Derivatized or otherwise modified versions of
naturally occurring polvmars may also be used, and marny such poiymers are known in the arl
Monlimiting examplss include propyiene glyeo!l alginale and pecting, carboxymethyl chifosan,
carboxymethyichitin, methyt glyeot chitosan, trimethyt chitosan and the ke,

A preferred mucnadhesive polymer is chifosan and maodified or derivalized chilosan, which can
be obtained through the deacetyiation of chitin, the maior compound of exoskelelons in crustaceans,
Chitosan [a-{~4 }-Z-amino-2-deoxy-8-D-glucan], 2 mucopolysaccharide clossly related to celiuiose,
exhibits chemical properties that are detsrminsd by the molecular weight, degres of deacetylation, and
viscosily, Chitosan can form microparticles and nanoparticies thal can bind large amounts of antigens by
chamical reaction with crosslinking agents such as phosphate lons, giutaraldehvde or sulfale lons.

Although chitosan is used in some preferred embodimeants, other polymers may
be used to achieve a similar mucoadhesive function. Thess include but are not limitad o galating
aiginate, dextran, hvaluronic acid, agar, and resistant starch.

The one or more mucoadhssive polymers fypically constilute ai lsast 19 of the weight of the

particles, excluding water, or at least 10%, or at least 15%. Typically, thay constitute at most 50%, or at most

3G%, or at most 20%.



waler,

DK 2016 70506 A1

ABN-152WO
7

in typical traditional products, a significant armount of bicactive agent is lost to the agueous
environment by leaching out of the particle during iis praparation and through the gastric passage,
particularly small molecuiar size bicactive agents such as viruses, proteins, drugs, antibictics, pesticides
and the like. In the present invention, leaching of bioactive agent from the particle is largely sliminated by
discrete particles, domains or phases containing the agent being disparsed in, or coaled by, an ol Any
type of off, including vegetabde, animal or synthetic oils and fats in sither liquid or solid form, or waxas,
can be usad for coating the bivactive agent. Vegatable origin oils used in the present invention include,
without limitation, castor off, coconut olf, coca butter, com oif, cotionssed off, olive ofl, olive squalaneg,
palm off, peanut oll, rapeseed ofl, safflower off, sesame off, sovbean off, sunflower off, stearate, carnauba
wax and mixtures thereof. Animat origin oils used in the present invention include, withoul Emitation, fish
o, shark squalane, butterfal, besswax, lanclin, lard and the like. In some cases the dispersing oif is a
mixture of olive or shark sgualanes with any other type of ofl, fat or wax, Typically, the mass of ol is
graaier than the combined mass of bioaclive agsent and mucoadhesive polymar,

in a typical procedure, an agquesus solution condaining the bloactive agent and mucoadhesive
polymer is homagenized with oif at & ratio of ons part solution {o 1.1-8 parts off by weight until a uniform
ernulsion is produced. To assist in the formation of & uniform and stable emulsion, a nonionic surfactant
may be added. Sultabls nonionic surfactants, without Emitation, include ethoxylated aliphatic aleohol,
polyosyethylene surfactants and carboxylic esters, etc. Once a stalde emuision is formed, the aqueous
dropiets dispersed in the oil are solidified by a chemical or physical reaction of the mucoadheasive
nolymer. For exampis, gelatin and agar polymers are solidify by dropping the temperature or changing
the pH of the emulsion; while chitosan is solidified by raising the pH of the emulsion to abovs 8.5 and/or
by adding counterions such as sodium tripolvphosphate {TFPL

The one or more offs typically constifule at lsast 1.5% of the weight of the particles, excluding
of at lsast 10%, or at least 20%. Typically, they constitule at most 40%., or at most 30%, or &t most 28%.

Enteric Coating Polymer

Droplets of the oif dispersion, either contalning or coated by the mucoadhesive polymer, are

dispersed in a matrix of enteric coating polymer that provides gastric



DK 2016 70506 A1

ABN-IE2WE
Q

o

protection and intact post gastiic release or delivery of the bioactive agent, L.e., release in the
intestins.

Exerapdary entaric coating polymers include polymers soluble in water at sufficiently high pH,
but insoluble at low pH. Typically, they are soluble at a pH greater than 5.0, and inscluble at a pH less
than 4.0, Suilable polymers are substantially soluble or digestible under the relatively mild pH
conditions of an andmal’s intestine, whers the Boaciive material is 1o be released) but insoluble and
indigestible in the stomach, where the sxternal matrix of enteric coaling polymer protects thas sensitive
binactive agent from delerioration. In some cases, the enleric coating polymer is crosslinked, for
asxample with divalent catlons, to pravent dissolution or digestion in the stomach.

Suitable enteric coating polymers can be salsctad from any of g wide variety of hydrophilic
potymers including, for example, polvacrylic acid, polyimethacrylates, carboxymathyi celiulose,
methyl celiulose, celiuiose acetate phithalate and water soluble, natural or synthetic polysaccharide
gums. Ons exemplary synthetic sptaric coating polymer s EUDRAGITE FS30D (Evonik indusirias).
Sodium alginate and pactins are peferrad water soluble gums, becauss of thelr mild crosslinking
conditions.

Alginates provide a preferred hydrophilic carrier malrix for gasiric sensitive bioactive agents,
particularly due to their sase of use in forming solid gal compositions. Alginate solutions form solid
gels whan combined or mixed with divalent cations. Nonethsless, in some embodiments the alginate
is not crossiinked, but remains indigestible and inscluble in a gasiric enviranment and therefore
profective of the particls contents while under the low pH conditions of an animal’s stomach.

Alginates comprise varving proportions of 1 4-linkad B-D-mannuronic acid (M), a~ L-guluronic

acid {3), and alternating (MG} blocks. The viscosity of alginats sclulions is mostly determined by the
maotecular ratio of M/ blocks. Low viscosity aiginales
typically condain a minimum of 50% mannuronals units and thelr viscosity ranges from 20-200 mPa.
Medium and high viscosity alginates contaln a minimum of 50% of guluronic acid units and their
viscosity is typically over »200 mPas.

in some embadirments the malnix forming pobymer is alginats, peclin or a mixture thersof, Low

viscosily grade alginates and low mathoxy pecling are preferrad. Typical fow mathoxy pectins have a
mathyiation degras below 50%, and these are typically crosslinked with a divalent cation such as Ba, Ca,
Mg, Sror Zn.

he one or mare snferic coating polymers fypically constitule at lsast 10% of the weight of the

particies, excluding waler, or al least 20%, or at least 30%. Typically, they constitute at most 70%, or at most

50%, or at most 40%.
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Optional Ingredisnts

in some embodiments the composition optionally includes nutrients, nutraceuticals, feed
attractants and/or taste masking compounds, i addition o the primary bivactive agent. Penetration
anhancsrs or adjuvants may also he included, to elicit a strong immune responss and improve the antigen
taken up by rucosal vmphooytes. One exemplary adjuvant is bela glucan.

Making the Compositions

A fiest general way of making the particles is as follows. An agusous mixture comprising a
disparserd bicactive agent and mucoadhesive polymer s homogenized with ol to producs an emulsion
of the aqueous mixture in the oil. Typically, a ratio of 1 part agueous mixklure to 1.1-5 parts off by

weight is used in making the emulsion. The smuision is then slurred in an agusous solution

solution containing a crosslinker for the enteric coatling polymer, thersby forming the particles. Ina
second general method, an aguecus mixture comprising a dispersed
bicaclive agert is homoganized with off to produce an emulsion of the agusous mixture in ths off,
Typically, a ratic of 1 part aquesus mbdure o 1.1-5 parts oif by weight is used in making the
emulsion. Droplets of the emulsion are than dispersad in agueous mucnadhesive polymer, which
is crosslinked to form intermediate particles that may optionally be separated from the crosslinking
solution. The isolated or non-isolaled intermediale particles ars then slurrded in an aqueous
solition comprising an entaric coating polymer. The particles are formed by spray drying, of by
framze drying and milling.

inone specific method of making the compositions, an oil containing dispersed particles of
bicactive agent associated with the mucoadhsasive polymer is sluried into a 5-15% solution of low
viscosity grade sodium alginate, optionally including 1-3% of low methoxy peclins, and the slurry is
irjecied, dropped or spray atomized info an agueous solution of divalent calions such as calcium
chioride. The size of the resuiting malrix particles can be adjusted by the rate and method of delivery
of the alginate dispersion info the calcium chioride solution. I ancther embodiment the slurry s dried
without crosslinking the alginate, using any drying method known in the art, for exampls spray drving
or vacuum drving. Typically the resultant parlicles range in size from about 20 pro to about 8
milimeters, more typically from about 50 pm to about 1000 pm.

i an alternative specific method, 0.5-2% of an insoluble source of divalent 35 cations such as

Cal0; is added to the slurry of bloactive agent-containing oil dropists in
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sodium alginate solution, foliowsd by adding 0.5-1% of & weak organic acid such as glucono-delia-
lactone {GDL) as an acidifier 1o slowly ralease the cations, such as cailcium ions. Ths cations crosslink
the alginats to form a sodid cake gal, which can be chopped or crushad into small chunks or particles.
Typically the resullant chunks or parficles range in size from about 50 pm to aboui 10 millimelers,
more bypically from about 100 to aboutl 5000 pm. The skilled practilioner will recognize that other
rigtural or synthetic polymers, praferably andonic polymars, can e wilized using lonic inferaction-
based affinity, forming the basis of the present cormpositions.

Lising the Compositions

The compositions of this invention can be stored in aguecus suspension or drigd
by any drying method knowr in ths art, and stored in a dehydrated state for long pericds of
time without a significant loss of activity.

Compositions according to the invention can be administered orally as & component of
drinking waler, as a food additive, or as part of a vaccine formulation containing a pharmaceutically
accepiable carrier and aptional adjuvants. Allernatively, the presant compositions can be included in
other standard oral dosage forms. Those skilled in the art will appreciate that there is a wide varisty
of art-recognized food, fesd, nutraceutical or pharmaceutical dosage forms and acceplable carders,
suitabls for delivering the composition to the targsied animal,

Administration of the compuositions in accordance with this invantion can be effected in single or
multie dose protocols. In one smbaodiment, immunagenic composiiions are administered in muttiple doss
protocols administered over a period of about 3 days to about 10 days or fongsr, and ¢an be repealsd
pariodically as the target spacies evidances loss of Immunity,

For applications in drinking water for uss in swine, pouliry, cattle or aguatic

animals, additional oif or inert polvpropyiens or polyaster particles can be incorporated inthe
composition o increase buoyancy {L.e., decrsase density) so that watering devices for delivary in fish
culture tanks could be used (o deliver the preserd compositions.

Thus, the compaositions can be administerad o animals either as a component of their dally feed or

as a componerd of thelr drinking watsr,
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EXAMPLES
Exampie ia
Preparation of the composition of the invention

An inventive composition was preparad as follows. Three grams of mucoadhasive polymer
{Chitosan, FMO Biopaiymars inc.) was dissolved in 100 mi of 0.5M glacial acetic aci soiution at 50°C. The
pH of the solution was adjusted {o 5.8 with sodium hydroxide and the solution allowsd to coo! down to room
temparature. Twean 80 {0.2%, Sigma, St Louils, MO) and Antifoarn (0.5%, Sigma, 5t Louls, MO) were
added and the chitosan sciution kept at 4”C untit use. A 30 mi solution containing 300 mg ovalbumin
{("OVA", a modasl vancine) was added {o the chilosan soiution to produce a mbdure. The resuliing solution
was added in 195 g olive oll containing 5% Span-80 (Sigma) and homogenized at 13,000 rpm for 30 min in
an ice bath to form a water in ol emulsion. A 20 mi agueous sodium tripolyphosphate (5%) and §.5N NaOH
was slowly added with mixing to the binactive agent emulsion containing ovalbumin and crosslinked
chitosan micropariicles in a continuous oll phase. The particles wers allowed to harden for at least 2h but
not removed from the oil phase.

The dispersion of particles in ofl was slirred inte 330 mi of a 3% agueous solution of fow
viscosity grade sodivm alginats (FMC Biopolymers inc.) that alse contained 86g dligusaccharides (instant
inutin, Carglll, Minnsapolis, MM}, 10 g lecithin and 3 g Twean- 80. The rasulting aquecus dispersion was
iniacted into a cross-inking soldion

containing 5% CaCU to form alginate matrix beads, each conlaining multiple oll droplets thal in turn
each contained microparticles of ovalbumin and crosslinked chifosan. The baads were freeze drind
ard milled balow 150 um sized particies to oblain a dry composition of the present invention,
Exampie 1b

An alfernaiive method of forming compositions of the invention utilizes an smulsion of an
aquecus bioactive solution in an ol Ten mi of an agqueous solution containing 100 mg ovalbumin was
cornbined with 15 g canola ol containing 5% Span-80 and homogenizad to form a fine water in ol
ernuision. The emulsion was mixed with a 100 mi of 2% aguecus chilosan solution, and the
dispersion was injscied info a cross- linking solution conlaining 8% tripolyphosphats solution (5%
TP} The particles were alfowsd to harden for af lsast 2h. The resulting solid crosslinked chifosan
particles contained embedded oll droplets, and sach of these oll draplets in tum conlained dispersad
aratlisr than 10 um droplets of the aqueous ovalbumin, The solid particles wers isclated by fittration

and wers finely dispersed in 400 mi of an aqueous solution of
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4% low viscosity grads alginate. The resulting aquecus dispersion was injected int a cross-
linking sohstion confaining 5% CaCly to form alginate malrix beads. The beads wers freeze drisd and
milled helow 150 urm sized particies to obilain a dry composition of the prasent invantion.

Example 2
Preparation of an immunogenic composition
Chitosan (3 g, FMO Biopolyraer) was dissolved in 100 mi solution of 0.5N glacial acetic acid at
5670, The pH of the solution was adiusted to 5.8 with sodium hydroxide and the solution was allowsd to coof
o room femperaturs. A 10 mi solution containing 100 mg ovatbumin {OVA)Y as a model vaccineg was mixed
with 50 mg of immune- stimulating agent (beta glucan, AHD Intarnational, Allanta, GA) and edded into the
chitosan solution. The resulting mixture was emulsified in 150 g shark squalane off (Jedwards International)
cortaining 5% wiw Span-80 at 10,000 rpm for 30 minules to form an emuision of agusous dropiets of OVA,
chifosan and bata glucan in & continuous oif phass. The emulsion was added with stirring 0 4080 miof an
agueous soiution of 8% low viscosity grade sodivm alginate in 0.5N NaOH that alst container
oligosaccharides {40g, instant inulin). The resulling emulsion was injected into a 5% CaCl; soiution to
crosslink the alginats, resulting in an immunogsnic composition of the current invention. The composition
was freezs dried and milled to particlss less than 250 ym in size.
Example 3
Freparation of a composition for treatmeant/prevention of parasitic infaction of fish
A composition containing a protein antigen or parasiticidal compound for treatment of parasiie
infestation in fish is prepared. Ten myg of the boactive agent is dissolved in 10 mi of 3% agusous chitosan
solution as described in Example 2 above, and smulsified in 15 g of oll mbdure containing 75% dlive o, 20%
squalane ol and 5% Span-80,

One mi of an agueous 5% sodium ipolyphosphate, §.5N MaOH solution is emulsifisd in one
g oliva off and mixed into the binactive agent emulsion, rasulting in a dispersion in off of particles
containing the bioactive agent and crosslinked chitosan. The dispersion is allowed o stand for Zhiio
harden the crosstinksd chilosan, The resulting dispersion of particles in off is added with sliring lo a
20 mi solution containing 8 % low viscosity grade sodium alginate, 1% low mathoxypectin, 30% wiw
instant inulin and 1% Tween-8{} The rasuiting mbdure is Injected into a crass-linking solution

containing 3% CaCl: o form beads of an alginate-paciin malrix containing embedded dispersed ol



DK 2016 70506 A1

ABN-152WO
13

droysiets each in turn containing microparticles of bicactive and crosslinked chitosan, The beads ars
freeze dried and milled o below 150 um fo oblain a dry composition of the present invention,
Exampie 4
Preparation of a composition containing 2 pharmaceutical druy

A composition containing a pharmaceutical drug {a glucccosticoid such as dexamethasone
or methyl pradrisolone) for treatment of colonic diseases is preparad. The drug is added fo chilosan
solution as described in Exampiel or 2 above, and smulsified in a mixture of 95% souaiane olt and
5% Span-8C. An alkall emulsion containing 5% sodium tripolyphosphate in 0.5N NaGH in squalane
oif is prepared and slowly mixed (20% wiw} into the bioaciive amuision fo crosslink the chifosan, and
the mixture is allowed to stand for at least 2h o harden the crosslinked particles. The ol dispersion
of chitosan microparticias is mixed into a liquid containing the enleric coating polymer {30% wiw
EUDRAGIT® FS30D, BEvonik Industrias) at a ratic of 1.3 emulsion/Eudragit liguid and spray-dried {o
form a oy particuiate composition of the present invention,
Example 5
Encapsuiation efficlency of a bioactive agent in the composition of the current invantion

The affect of the additional off dispersion and enteric coating polymer matrix in
the compasition of the current invention was evaluated using ovalbumin (OVA) to simulate a typical
profein drug or vaccine, Three OVA {Sigma) containing compositions were prepared. Composition 1
consistad of OVA bound chitosan microparticles, prapared by dissolving 100 mg OVA In 10 miof 3%
chitosan solution and injecting the solution into 1% aqueocus TFP {o fonm crasslinked beads, followed
v a 2h hold to hardern the beads and subsequent fresze drying and milling. Compaosition 2 was made
by emuisiying a 10 mi aqueous solution containing 100 mg OVA In 15 g of squalane off containing 3%
Span-80, and mixing the resulting emulsion in 20 mi of 3% chilosan solution. The resulting slurry was
fhen injected into a 10% TPP solution o form beads, followad by hardening, freeze drying and milling
as above. Composition 3 consisted of OVA bound chitasan microparticles according 1o the invention,
prapared as in Example 2.

The encapsulation efficlency of OVA in the thres types of composition was determined as
foliows. Five hundred mg of each compaosition was dispersad in 10 mi RIPA buffer and incubated at

room temperature for 3 min. The suspansions were
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vortexed for 5 min and then centrifugsed at 300rpnn for 15 min. The supernatant was assayed for
OVA content using Weslarn Blot analysis, as follows,

Western Biol: the compositions were lysed with RIPA buffar as described above, and a
calculatad amount equivalent to 12ug of protein per sample was loaded on a 10% SDE-
polyacrylamide gradient gel (SDS-PAGE, Bic-Fad, Hercules, CA). Proteins were transferred onic a
PYDF membrane (Bio-Rad) and blocked for 1 h with 3% non-fat milk in FEES containing £.5% Tween-
20 (PRS-T). Blols were incubated with an appropriate primary antibody at 15000 dilutions for 1 hat
roon temperature. Affer washing with PBS-T (3 10 mb, & min. each), the memiwanss weare
incubated with an appropriate HRP -conjugatad secondary antibody (EMD Millipore Corporation,
Billerica, MA, LISA) &t 1:5000 dilution for 1 h. Afler washing with FBS-T {3 x 10 mik., 5 min. sach),
chermiluminescent films were developed with an ECL subsirale (Amsheram Biosciances). The
encapsulation sfficiency of OVA (% retention of the original amount of OVA) is presentad in Table 1.

Tabis 1

Composition )
Encapsulfation
Cfficiency (%)

1 70

2 95

3 G5

The results demonstrate the protective effect of the off disparsion in compositions 2 and 3 in
prevarnting the leaching {ioss) of the bicactive agent {0 a simple aquenus snvironment. Howaver, significant
differences belween cormparative Composition 2 and inventive Composition 3 were found when tasted undear
gastric conditions, as described below in Example 7.

Exampis

Degradation of unprofected protein antigen activity in simulated gasiric juice

To evaluate the loss of activity of a protein artigen following a bypical gasiric exposure, non-
encapauiated OVA {10 mg) was incubated in 10 mi sirnulated gastric fluid containing 0.08% pepsin at pH-2
for 2h at 37°C on a shaker. Medium was withdrawn at 15 min, 30 min, 80 min and 120 min incubation times,

and the amount of residual OVA
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was analyzed using Wastern Blot analbysis as described above. Table 2 shows the
degradation of OVA ovar 2 h exposures i simulated gastiic wice, indicated as % remaining

activity raiative to pre-exposurs activity,

Table 2
Time {rain}

Remaining
activity (%)
15 &1

<)
)
53
(&3]

Loy
b
<
[es]

Thess rasulls demonstrale that the aclivity of unprolected prolein-based antigen or bicactiva
agent will be completely degradad in the animal digastive trach.
Exampis 7
Gastriz protection of a bicactive agant in the composition of the current 18 invention

To svaluale the remaining activity of a protein ardigen after gastric exposurs, three
compuosilions were preparad as describsd in Exampls 5. Five hundred mg each of the thres
compositions were incubated in 10 mi simulated gastric fluid containing 0.08% pepsin at pH-2 for 2h at
37°C on a shaker. At the end of 2 b exposure, the gastric solutions were withdrawn and the ramaining
activity of the OVA in the corpositions was measured as described in Exaraple 5. Table 3 shows the

remaining activity of OVA in each of the composilions after 2 h eoposure to simulatsd gastric juice.

Tahde 3
Composition

Remaining

activity {9}
1 i

P2

20
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Thase resulls clearly demonstrate the superior gastric protective effect of inventive
Composition 3 redative to prior art Compositions 1 and 2.
Exampie 8
The effect of the viscosity grade of alginate in the composition on gastric & protection

Three compositions containing %% low grade viscosity alginate {86cP}, 6% mediuny grade
viscosity alginate {3000P) and 1% high grade viscosity alginats (B00cP) were prepared according {o
Example Z above. The thres compaositions ware exposed (o simulated gastric juice as described in
Example ¥ and the remaining activily of the OVA 10 in the compositions measured as described in
Example 5. Table 4 shows the ramaining aclivity of OVA in each of the compositions afler 2 by
exposure to simulated gastric juice.

Tabis 4

Alginats viscosity | Remaining activity

grade {%)
High (800 cp) 25
40

Mediuny (300 op)

Low {50 op) GG

Thase resulls demonstrate that compositions containing lower viscosity grade alginate provide
higher protection of a protein-basead antigen or bipactive in the simulated animal digestive tract.

Example 2

Optimal particle size of the inventive compositien

i this example the protecting effect of the particle size of a dried and milled inventive

composition in a simulated gastric environment was assessad. An OVA composition was prepared as
described in Example §, followsd by saparating the dry powder inlo 2 particle sizes: small particies that
want through a 50 um scoreen, and large particles that were caplured on the 30 i soreen but passed
through a 100 pim soreen. Table 5 shows the remaining activity of OVA In sach particle size of the

composition after 2 h exposurs in simulaled gastric juics.
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Tabia 5
Particle sire

Remaining activity

(%)
53-100 pm 20
<50 pm 46

Thesea rasults show that optimal gastric protection is provided when the dry composition is milled o a
particle size above 50 ym.

Example 10

Oral Administration of OVA Composition to Mice

Ovalbumin is orally administered o mice to fest the efficacy of the inventive compositions in

inducing an Immune response.

Arnimals: Ten-byslve week oid ferale BALE/C mice are used. Mice are fad ad

fibiturn. Each experimenial group is housed in a separate cage.

Ovalbumin composition: Ovalbumin {1 mofg of ovalbumin, Sigma, St Louils, Mo, }is
incorporated into the inventive composition as describad in Example 5. Thres groups of 4 mice each are
inoculated as follows: 13 ovalbumin (OVA) in the composition, administered orally, 27 OVA solution,
administered subculanesusly (80,

3} antigen fres composition administered orally. Mice ars incculaled at § and 3 weeks. Each duse
administers a total 00myg of dry composition mixed with comn ofl at a ratio of 1:2 wiw of dry
cormposition/cll, coated onto feed pelieis. Al week 4 each mouse is suthanized and serum and
splsen cells are harvestad.

Imrauncingical assays: Serum is assaved for Igi and igA by ELISA ELIZA s

performed using OVA absorbad {o polystyrene plates. Samples ars placed in wells intriplicale at a
1:25 dilution Tor sesrum. Goat antibmouse antibody conpugated with horse radish peroxidass is ussd,
foliowerd by an orthophenyienediaming substrate (Sigma, St Louis, Mo ULS.ALL Optical density of
each well is determined by placing the plate I a microtiter plate specirophotometer and reading the
plate at 480 nm. Spleen cells are tesied for antibody secreting cells {ASC) specific for OVA, using
imchniques described previoushy,

The OVA specific IgG and igA andibodies are guantifiad by determining the incraase in

optical density over time. OVA specific serum and IgA IgG and ASC sacreling
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ceils for each mouse inoculated with OVA are expected to be equally increased in those mice injected
with OVA and orally fed the composition of the present invention. Mo OVA specific IgG or igA antibodies are
expaciad to bs detected in mice fed antigen fres composition. Thus, the composition is expactad to ba
effactive in inducing an immune response upon oral administration,

Example 11

Oral Administration of a Compaosition containing Antigens to Chickens

Saimonella enferifidiz s a major causs of diseass in laying hens. infection decreases
production and increases mortalily in flocks. Moreover, 8. erferitidis can be passed through the egg to
baby chicks, infecting subseruant generations or humans who consume infected eggs. Sinca
infection begins by this bacieria attaching and Invading the intestinal mucoss, and long term infection
irvolves infection of infestinal lymphoid tissues, stimulation of mucosal immunily is imperative to
cortrot this diseases.

To assess the efficacy of vaccinating chickens with the vacrine compositions of the prasent
irvention, the flageliin of Safmonella snferilidis, a key immunogen, is incorporaled within the
composition according o Example 2, except thal the vaccine emulsion is mixed in the alkaling sodium
alginate phase al a ratic of 1.2 wiw and the slurry is spray-dried. Tha dry composition is top-coated on
feed and administersd orally to chicks. Ten-waek old chickens recsive 3 oral doses at 2 week
infervals of the compaosition loaded with either 300 yg of flageilin antigen of 8. enferiiidis or Bovine
serim athumin, One wask after the last oral dose of antigen, serum and intastinal fhild are collecled
and assayed for Aagellin specific antibodiss by ELISA. Resulis are expected o show that orally
vacoinated birds have significantly increased flagellin specific antibodies in the serum.

Exampie 12
Oral Administration of a Composition Containing Antigens to Calvas

The efficacy of orally administered ovalbumin containing composition prepared in accordance
with the present invention fo stirmulale an immune response in the lungs of calves is demonstrated.

Cvalbumin is incorporated in the composition as described in Example la. For
oral adminisiration (o calves, a composition containing a dose of 40 ug of ovalbumin per mg is
adminisirated in the feed. Four calves are used per experimental groupn and each calf receives 5 my
of ovalbumin per dose for & consecutive days.

Two groups of calves are used o assess the efficacy of orally administerad ovalbumin o

induce a specific immune rasponse. Group 1 is given 2 doses of ovalbumin
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in an incomplete Freund's adjuvant by subcutansous (8C) injection 3 weeks aparl. This group serves
as the parsnieral contro, the method of vaccination routinely used for any vaccine, Group 2 recalves
2 oral regimens of a composition confaining ovalbumin 3 weeks apait. Ssrums are svaluatad for
isotypic antibody response (o ovalbumin,

Resuits are expecied to show that a significant amount of OVA specific IgG and IgA s produced inthe
oraily fad calves with OVA-containing cormposition. The expected very high level of serum IgA
predicts high sffectivensss in stimulating a systemic immune responss in catlle,

Exampie 13

Cral Adminisiration of 3 Composition Contalning Vibrio Antigens o fish

Vibio alginalyiicus is @ serious bacierial infaction in aquaculture, parliculany severe in
rainbow trowt, i s now endemic in all trout-producing countries where i can cause severa sconomic
insses. His also becoming a more significant pathogen of farmed salmon, primarily in the frashwaler
growing phase, but it has been reporied to cause losses in the sea as well. Vaccination can prevent
V. alginolyticus from having a significant impact at any stage of the famming cycle of salmonids. A
fyical vaccination program involves a primary vaccination of fry of 2-8 grams and an oral booster
vaccination 4-6 months after the primary vaccination. However, an ideal vaccination program would
involve only one type of vaccination provided periodically 1o the fish in order lo maintain an sffective
antibody titar in ths fish serum throughout the entire culture period.

Experimental design: The sfficacy of arally administerad ERM vaccine contalning
composition prepared in accordance with the present invention 3 stimulale an immune response in
frout serum is demonsiraled.

Altenuated V. alginolyticus is incorporated within a compaosition as dascribad in

Example . For oral administration o fish, 2 composition containing a doss of 2ug of V. alginoivticus
vaccine per mg is admirdsirated in the feed. Twenly fish af an average size of 5g are ussed per
experimental group and each fish recaives 1 dose of V. alginalyiicus vaccine in feed ration for 8
consecttive days.

Three groups of fish are used to assess the efficacy of arally administered ¥

alginolytices vaccing o induce an immune response relative fo & standard vaccination by injection.

Group 1 is vacocinaled using a vaccination by injection protocol, This group serves as the parenieral condrol,

the method of vaccination routinesly used for any vaccing. Group 2 receivas ane oral regimern of a

composition containing V. alginofiticus vaccine. Group 3 receives one oral regimen of vacoine fres

coraposition, Sera are
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evaiuatad for isolypic antibody rasponse o V. alginolviicus 6 weeks post vaccination. Resulis are

axpecied to show that a significant amount of I, alginolyticus specific g4 s produced in the orally fed

fish with v. alg/noljtcus-coniaining composition. The immune response iy serum of hoth orally and
iniectad vaccinated fish is expecied fo be comparable. The expectad very high level of serum IgA
pradicts high effectiveness in stimulating a systemic immune response in fish,

Exampis 14

Compesition Contalning a Rodenticide

Warfarin is the most common mdenticids used o controf rat and mouss infestations. Rodents
ingesting bails containing Warfarin exhibit obvious symptoms of polsoning in 15-30 minudes and
hecome unconscious in 1-2 hours. However, because of its fast acting effect the rodent iypically
ingest a sublethat amount of Warfarin and recovery occurs within 8 hours, Encapsulating the Warfarin
may dalay onset of the syimploms, aliowing for the consumplion of a full isthal doss.

Exparimental Methods: Ten-twelve waek old female BALR/C mice are ussd. Mics
ars fod ad ibilum, Each experimenial group is houssd in a separale cags.

fventive Warfarin composition: Warfarin (400mg/g of composition, Sigma, St Louls, Mo is

incowporated o a composiiion as describad generally in Example 3.

Thres groups of 4 mice are each fad ad ibifum as follows: 1) Inverntive Warfarin corapaosition, mixed in
baits at 4% Warfarin activily, 2) Unencapsulated Warfarin, mixed in bails feed at 4% aclivily, 3) Bait
containing a composition as in Example 3, containing no Warfarin or other boactive. The fead intake and kil
effect ot the mics are monitored,

Resulis show that feed intake of groups 1 and 3 are similar while the feed Intaks in group 2

{unencapsulatad Wearfarin} is over 25% less. it is expacied that all mics in group 1 are dead after 8 h from

feeding white all group 2 mice remain alive after 8 h from fesding.
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What is cigimed:
1. A composition for oral administration of @ bicactive agent to aguatic or lerresinial specias,
comprising particles each of which comprises a bicactive agent dispersed in ol droplets, said off
droplets being embedded in or coated by a malrix comptising an enteric

coating polyraer, wherein the particles sach further comprise a mucoadhesive polymer,
2. The composition of claim 1, wherein the enteric coating polvimar is crosslinked.
3 Tha compuosition of claim 2, whersin the crosslinking agent for the enteric coating polymer
comises divalent metal cations.

4, The composition of any preceding claim, wherein the mucoadhesive polymer is crasslinked,

o

The composition of claim 4, wherein ths crosslinks in the mucoadhasive polymer are
formed by assodiation with fripolyphosphats.

6. The composition of any preceding claim, whersin the mucnadhesive polyer is disparsed i the
oif droplets.

7. The composilion of claim 8, whersin the mucoadhesive polymer and the bioactive agent are
assockated,

3. The composition of any preceding claim, wharein the parlicies are larger than 50 pm in
diameter,

g The composition of any preceding claim, wherein the bioactive agent is an

immunogen.

1. The composition of any preceding claim, whersin the mucoadhesive polymer is one or mwe
polymers selected from the group consisting of carrageenan, chifosan, hyaluronic acid, alginale,
darivatives or modifications or any of these, carboxylic- funclionalizad polymears, sulfate-
functionalized polymers and amine-funclionalized polymers.

11, The compasition of any preceding claim, wherein the enteric coaling polymer is one or more
polyimars selecied from the group consisting of polvimethlacrylates, alginate, pectins,
carboxymethyl celiuloss, mathyt celiulose and callilose acetale phthalate,

12. The composition of any preceding claim, wharein the entaric coating polymer malrix comprises @ low
viscosity grade siginate, low methoxy pectin or a combination thereof,

13. The composition of any preceding olaim, wherein ths ol is ons or more oils selected from the
group consisting of fats, oils and waxes.,

14. The composition of claim 13, wherein the off is a vagetable or animal off.
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15, A method of preparing the composition of claim 1, comprising in sequence;
{a) forrning an aqueous mbxture comprising a dispersed or dissolvad bicactive
agent;

{b) hormogenizing the aguenus mixture of step (8} in off to produce an emulsion of the
aguesus mixiure in the oil;
{} forming & slurry of the product of step (i) in an aguesus sclution comprising an
erteric cogting polymer; and sither
{d]) spraying, dropping or injecting the slurry of step (¢} inlo an agueous solulion containing a
crossiinker for the enteric coating polvmer (o form the particlass, whareln the agueous mixture of step (a)
further comprises a mucoadhesive polymer, or (d2) forming ths particles from the siurry of step {c}, whersin
step (b} further includes forming dropiets of the emuision in aqueous mucoadhesive polymer and
crossiinking the mucoadhesive polymer 1o form intermediate parlicles.
6. The method of claim 15, whersin siep {d1} is performed.
17. The method of claim 15, whersin step {d2} is performed.
8. The methad of claim 17, wharein the step of forming the particlss comprises freeze drying
and milling the product of sfep {c}.
19, The method of claim 17, whersin the step of forming the parlicles comprises spray drying the
product of step (¢
28, A method of post gastric delivery of a bicactive agent 1o an animal, comprising a step of orally
administering to the animal the composition of claim &
21, A msthod of vaccinating aquatic or terrastrial species, comprising a step of orally adminislering to
said species thes composition of any one of claims 1-14, wherein the composttion is a delivery vehicle

for a vaccing.
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