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Thereo!

The present applcation claims priovity onder 35 USC 119{e) to LIS Provisional
Application No, 62/357.741 filed July 1, 2016, the entire contents of which are incorporated
by veference.

Field of the Invention

The present invention relates to modified alginate bydrogels, methods of prepaving

these hvdrogels, and their methods of use.

Certain therapeutic and bicactive substances, including, but not hmited to, {1}
medicines, drugs, enzvmes, proteins, hormones, and vaccines, {if) vitamins, nunerals,
micronuirients and other dietary supplements, (i1} probintics and other micro-organisms, {iv)
cells, cell parts, andfor biological materials, and/or (v} many other bioactive substances have
begn found to be vital, therapeutic and necessary for, among other things, the treatment,
prevention, andfor inhibition of certain diseases and other conditions in humans and ammals,
the alimination or reduction of pain associated with a wide variely illnesses, diseases and
conditions, and the general maintenance of good health and well-bemg in humans and
animals, tincluding pets and livestock. For many of these substances, the siniplest and most
cost-effective method for delivering the medicine or other substance to humans and animals
1s by oral delivery in the form of a pill, capsule, hquid, paste, or other currently gvailable oral
delivery method.

Current oral delivery methods, however, suffer from s number of sigmificant
drawbacks and mitations, depending on the sebstance being debivered. Chief amuong these
i5 the fact that many substances taken orally sreattacked, degraded snddor destroyed in the
stornach by stontach acids andfor enzymatic action. Iusulm, for example (a vitat and
necessary protevhormone), is destroyed 1 the stomach by stomach acids and enzvmatic
action. This is the primary reason insolin cannot currently be admanistered orally. Rather,
insulin is currently adiministered by injection or intravenously, adding substantial costs and
other probilenss to the delivery of this vital hormone, which is needed by millions of people
avound the world on a datly basis. There are numerous other examples of other therapeutic
proteins, hormones, and other blosctive substances that are destroved or rendered effective
by stomach acids andfor enzymatic action. This problem would benefit greatly from a viable

and cost-eftective oral delivery solution.
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Even if a substance is not completely destroved in the stomach by stomach acids and
enzymatic action, however, the overall bioavailability and/or therapentic etficacy of a
particular substance, mcluding micro-orgamsms, can be impacted or greatly reduced by such
stornach acids and enzymatic action, depending on the particular substance being orally
mgested. Live and active probiotic cultures are one such example. Probiotics ave hving
micro-orgamsms that naturally reside in the human intestine, and which scientific research
has established are vital 10 8 properly functioning fimnwmne system, and to our overall physical
health and well-being. Through a variety of factors such as disease or the use of aniibiotics,

.

the normal balance of “good™ versus “bad” bacteria in the intestine can be damaged or
seriously impaired, and can even be fatal i Jeft untreated. These imbalances in the
nucrobiome of the intestine have been shown to have other important and vital effects on our
health. Maay of these imbalances can be, and have been, successfully addressed and freated
through the use of live and active probiotic cultures.

In this regard, the US Food and Drug Admunistration (FDAY and World Health
Organization m 2002 reconunended that “the nuninmuin vishle nundbers of each probiotk

S oay

strain al the end of the shelf-life™ be reported on labeling. However, but most companies that
give a munber report the viable cell count at the date of manufacture, a nuraber probably
much higher than that which exists at the moment of consurnption. Because of variability in
storage condifions and mmount of time that has elapsed before consuming probiotics, it is
difficult to tell exactly bow nuch live and active culture remains at the time of consumption.
Due to these ambiguities, the European Commission placed & ban on putiing the word
“profuotic” on the packazing of such products because such labeling can be misleading,

As a result, most probiotics are either not alive when they are taken orally {and are
therefore complelely inefiective for recolonizing the gut with “good” or bealthy bactena), or
if alive when taken, are often destroved in the stomach by stomach acids and eurymatic
action, leaving a relatively small amount, if any, of the probiotics that actually make it {o the
small intestine alive and intact, where they are then able to recolomze the gut with the “good”
bacteria, or address certain flora deficiencies gs needed, As a result of this problem, patients
suffering from a Closttidium difficile infection (CDIY, for example, must ofien resort to fecal
microbiota transplants (FMT), i order to restore the colonic microfiora by mtroducing
healthy bacterial flora divectly o the large intestine.

An easier and more cost-effective method of delivering sufficient munbers of ive and
active probiotic cultures into the small intestine by oral delivery would clearly be a
substantial improvement over fecal transplants. In addition, oral delivery of sufficient
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numbers of live and active probiotics 1o treat lesser conditions and for the genersl
maintenance of the gut nucrobiome, with iy attendant health benefits, would constitute 3
significant timprovement over cuvrent oral delivery methods, which can be inefficient and
largely meffective.

Another problem with many drugs, medicines and other bicactive and therapeutic
substances currently admimistered orally 15 that oral ingestion of these substances can cause
severe stormach upset, nausea, andfor vomiting, These adverse effects are well-know and
well-docinented, and ofien appear on the wamning label for the madicine as potential side
effects. Common aspirm, for example, many prescription pain medications, and many
chemotherapy drugs and other medications can, and often do, cause severe stomach apset,
nausea, andfor vonuting when taken orally, Millions of people around the world suffer daily
fromn these negative and unpleasant side effects when taking various madications, and so a
viable, cost-effective solation 1s needed and would be 8 welcome relief to nulhons of people.

As one example, popular and widely used prescription pain relief medications, many
of which are comprised of oproid denivatives such as oxyeodone, hvdrocndone, codeine,
morphine, fentanyl and others, cause siomach upset, nausea, and/or vomuting. These opimd-
derived pain medications interact with oproid receptors i the brain and pervous system in
order to relieve pamn. There were about 300 million pain medication prescriptions written in
2016,

There are two major problems with preseription opioid-based and other pain
medications. Number one, thev cause stormach upset, nausen, andfor vomiting in g large
number of people who take them as previcusly mentioned. Number two, they arg routinely
crushed into a powder by drug dealers, and sold to addicts and others who inhale, snort or
smoke the powder, or higuily o and ingect 3t directly 1nto thew veins or arteries. As avesultof
this fact, the ULS. s in the midst of a massive opioid epidemic that has been widely reported
on and discussed i the media. I is estimated that i 2015 more than 33,000 people died
from overdoses of prescription pain medications i the U.S. Annually, opioids kill more
people than car acaidents and guns, and are now the leading canse of aceidental deaths in the
Us.

it would be highly desirable and benedicial to be able to (1) administer pain and other
medications ovally without encowstering any of the negative side effects commonly
associated with taking such medications orally {upset stomach, nausea, and vomiting), and
reducing the amount of the pain medication (or dose) required, and (1i1) create an oral
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delivery method which prevents opioid-based pain medications froam being concentrated o
crushed mto a powdered form for use by drog addicts and black market sellers, or makes i
prohibitively difficull or expensive to do so.

10 the case of the administering medicines and other hioactive and thergpeutic
substances osally to animals, including pets and hvestock, there is the additional problem that
many medicines and other bioactive substances do not taste good to the animal, and therefore
the amimal will refuse 1o take or eat the medicine or other substance, or will spit outaliora
portion of the wedicing or other bioactive substance, making it difficelt to administer these
therapeutic substances to animals. This also results in not knowing exactly how much
medicine the animal has taken ov ingested, and therefore creates unceriainty as to how
effective the unknown dose taken will sotually be. The oral administration of medicines and
other bivactive substances to animals can also create unnecessary amety and trust issuss
between the animal and the person admunistering the medicine or other therapeatic substance,
andd bites and other injuries to persons administering such oral medications and other
substances to animals have frequently occurred. This process can also result in the
substantial additional expense of having to hire and use a velerinarian or other trained
professional to successfully administer the medicine to the animal by injection or other
means, (iven the widespread nature of these problems, a viable and cost-effective solution
would be beneficial and welcome.

Certain vitaming and other dictary supplements are essential to our health and well-
being, and evidence~-based clinical research supports their importance and wide-ranging
health benefits. Among them are Vitamin D, Cosnryme Q10, and Omega-3 fatly anids
{EPA/DHA}. Omega-3 fatty acids are often sold in the form of fish or Krill i, or are sold as
supplements 1 & vartety of forms. As g result of the estabhished health benefils of these and
other vitamins and dietary supplements, they are often recommended or prescribed by
physicians. Evidence-based clinical research also strongly saggests these and other dietary
supplements should be incorporated into many diets to ensure that sufficient amounts of these
critical substances are available for our overall health and well-being.

With respect o omega-3 fatly acids, for example, research has shown that cultures
that routinely eal foods with high levels of omega-3 fatty acids demonsirate 8 variely of
health benefits, such as lower levels of depresston. Omege-3 Bty acids may also aid n
treating the depressive symptoms of bipolar disorder, and sy be important for visual and
unearological development in infants. When ingested in relatively high doses, it may lower
nflammation, which may be important i treating asthoa. Other research suggests omega-3
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fatly acids may be useful In ameliorating andfor reducing symptams associated with ADHD
i some chuldren, while at the same time enhancing their mental skills, Omega-3 fatty scids
may also prove to be useful in the treatment or slowing the progression of Alrheimer's
disease and dementia,

With respect to Vitamin D, research has shown it can be important i reducing
mflammation {by acting on CU~Reactive Protemn). Tt is also thought to aid in reducing pan as
well as the stress on joints. Vitamin D has also been implicated as a possible source of
reducing rhewmnatoid arthritis, obesity, ceriain cancers, various heart diseases, and the effects
of radiation, while enhancing individeals’ mental capacity, the immune system, bone growth,
and the proper production of insulin.  Although vitamin D can be procured by exposure {o
sunlight and other ways, vitamin D can also be attained by oral administration in a
supplement form.
found in almost every cell in the body and it is a powerful antioxidant. R is also critical in
fulfilling the engrgy requiraments of different organs such as the liver, heart and kidney. His
soluble ol and present wn wost eukarvotic cells such as mitochondria, Cotlpis involved in
the eleciron tfransport chain and participates in acrobic cellular respiration which generates
epergy. Over ninety percent of the human body’s energy is generated this way, ColQipis
widely used in numerous applications as an antioxidant. There 1s also increasing use of CoQyp
mn medical apphications like heart disease, eve cave, cancer treptiment, obesity and
Huntington's disease.

These and other oil-based dietary supplentents, however, face the indusiry-wide
problem of oxidation, which results in the formation of toxic peroxides and other undesirable
substances. This oxidation resulis in degradation of the substance, spoliation, and often a foul
and offensive smelling odor and bad breath, all of which can be a strong disincentive for
purchasing or {aking these sapplements agam. As a result, dietary sepplements soach as
omega~3 faity acids, CoQyp and vitanun D are hampered by oxidation in storage, as well as
by the infrinsic properties of the digestive tract, espectally the pH differential slong the
digestive tract. The varigble pH froms the stomach fo the intestine impacts the stability of the
substance, and thereby the bioavailability of faf and peptide-based distary supplements and
other btoactive substances. Thus, the boavaikehility of these and other dietary supplements
are hampered by oxidation in storage, and by the digestive process in the stomach when faken

orally.
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As a result of these and other problems associated with the wal sdministration of

vartous bieactive substances, # would be highly desirable and beneficial 1o have a method of

orally delivering these substances to humans and animals, which increases bioavailability
and, at the sgme ime, eliminates many of the problems associated with the current oral
delivery of these bioactive substances, some of which were discussed above, The inverntion
described v this apphcation was developed to address and solve these and other problems
associated with the delivery of such bioactive substances to humans and animals.

Brief Summary of the Invention

A novel chemically modified alginate hydrogel has been developed which combines
an sromatic compound with a carbohydrate, where the aromatic compound 18 one or more
amines combined with an alginate, The chemical structure of alginate 15 modified using
different anines and different methods, mcluding: i} covalently bonding aminosthyl benzoic
acid to the alginate backbone, and (i) oxidining the vicinal diol i the alginate chain to an
aldehyde before coupling to aminoethyl benzoie acid. Alternasvely, the combined aromatic
compound and carbohydrate can be a dopanung corgbined with the algmate. The chenucally
modified alginate and methods used can be vithzed o encapsulate a vanety of bicactive
substances for oral delivery in humans and ammals, including, but not limited to: (1)
medicines, drugs, enzymes, proteins, hormones, and vaccines, (1) vitarmng, numerals,
micronwirients and other diefary supplenents, (311} probiotics and other micro-organisms, (1v)
cells, cefl parts, and/or other blological materials, andfor (v) many other bloactive substances.

As used herein, the term “hioactive subsiance” means a substance used by or having any
biological effect on a Hving organdsm, and includes, but is not limited to, prescription and non-~
preseription medications and drags, chemdeals, chemical compoands, molecales, enzymes, proteins,
hormones, vacoines, vilaming, niinerals, micronuirients and other dictary supploments, probiotics and
other micro-organisms, colls, coll parts (ncluding DNA snd RNA), and other biclogics! materials, as
well as other bloactive compounds and substances.

Carrent oval delivery methods suffer from a number of significant drawbacks and
limiiations, depending on the substance being delivered. Chief smong these is the fact that
many substances taken orally are attacked, degraded andfor destroved i the stomach by
stomach acids and/or enzymatic action. Even if a substance s not completely destroved
the stomach by stomach acids and enzymatic sction, the overall boavalabibity andfor
therapeutic eflicacy of a particular bioactive substance can be tmpacted or greatly reduced by

such stomach acids and enzymatic action. Another problem with many drags, medicines and
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othsr therapeutic substances taken orally Is that oral ingestion of these substances cun canse
severs stornach upset, nauses, andfor vomting.

The invention relates to a method of proteching the medicine or other bioachive
substance from attack by acids and enzymatic action in the stomach by encapsulating the
medicine or other bioactive subatance in the modified alginate hydrogel, When the
encapsulated medicine or other bicactive substance reaches the small intestine, it is released
into the small intestine by diffusion due to the pH differential, or gs the nucrocapsule falls
apart, thereby increasing the overall bicavailability and effectiveness of the medicine or other
bivactive substance. This method of encapsulation and oral delivery also eliminates certain
problems and adverse side effects often associated with the oral delivery of various medicines
and other binactive substances in humans and animals. Accordingly, this novel modified
alginate hydrogel, its methods of preparation, and ifs uses, whereby medicings and other
broactive substances are encapsulated for orad debivery to hamans and amimals, can provide @
wide varfety of health benefuts, while eliminating certain problens and adverse side effects
often associated with the oral delivery of these madicines and other bicactive substances.

Among other things, various compositions and combinations which comprise the
invention may also be nucro-encapsulated 1 the modified alginate and produced in a size
suitable for injection, either by Hself, or i combination with hiposomes, micelles, andfor
uwanospheres for, among other things, {argeted delivery to 8 specific sife or group of cells in
bmans of abimals, such as a tumor siie,

In one entbodiment, the combined aromatic compound and carbohydrate is one or
more amines combined with the alginate. In another embuodiment, the combined aromatic
compound and carbobydrate is dopamine combined with the alginate. In one embodiment,
for example, the combined aromatic and carbohydrate is 4(2-ethylaminodhencoic acid
alginate, In another embodiment, the combined aromatic compound and carbohvdrate is
dopanine alginate,

In one embodiment, the aromatic substituent is an amine substiteent, including, but
not lunited to, 9 4{2-gthylamino)benzoic acid derivative, a 42-ethylamino)phenolic
derivative, a 4(2-ethylaminocanilinic derivative, or a para (2-ethylaminojtoluenic {ie., {2-
ethylamino-methylbanzene) derivative, and/or mixtares thereof,

I one embodiment, the aromatic substitvent i3 a dopamine substitwent, wehading, but
not himited to, a 42 -ethylamino)phenolic substituent, a 4{2-ethylaminobenzoic acid
substitvent, a 4(2-ethviaminolanilinic substitvent, a 4(2-ethylamino)toluenic substituent,

andfor muxtures thereof
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In an emibodiment, the present invention relates (o alginate compounds and methods
of preparing said alpinate compounds for encapsulating the bieactive substance. Inone
variation, the alginate 1s a dopamine~-modified algmate (DMA) using 2 different preparations.
These two different preparations can be characterized and quantified by o "H-NMR
methodology that was developed for quantifying dopamine incorporation into the alginate
backbone.

By preparing the compounds of the present invention, # has been found that the
alginate encapsulsted compounds are protected at pH levels that are found in the stomach (pH
of about 1-3) but the alginate encapsulated compounds are able o be made available at the
pH levels that are found in the intestines (more basic pH levels of about 7-9} as the alkaline
snvironment allows the alginate compound to be broken down and thus release of the
encapsulated compound is achigved. The alginate encapsulated compounds are protected af
acidic pH levels by the alginate coupled to the aromatic amine compound.

Detailed Description of the Invention

A novel chemically modified alginate hydrogel has been developed which combines
an aroanatic compound with a carbohvdrate, where the aromatic compoumnd 15 one or more
amines combined with an alginate. The chemical structure of alginate 1s modified using
different anunes and different methods, mcluding: (1) covalently bonding anunoethyl benzoic
acid fo the alginate backboue, and {2} oidizing the vicinal diod in the alginate chaip to an
aldehyde before couphing to aminoethy! benzoic acid. Alternatively, the combined aromatic
compound and carbohvdrate can be a dopanuse combined with the alginate. The chemically
modified algmate and methods used can be utilized 1o encapsulate a variety of moactive
substances for oral delivery in humans and animals, including, bt pot fimited to: {1} drugs,
medicines, enzymes, proteins, hormones, and vaccines, (it} vitamins, punerals, micronuirients
andfor other dietary supplements, (i) probiotics andfor uther microorganisms, (iv) calls, cell
parts, and/or other biological materials, andfor (v} other bioactive substances,

Current oral delivery methods suffer from a number of significant drawbacks and
ltmitations, depending on the substance being orally ingested, Chief among these is the fact
that many substances taken orally are attacked, degraded anddor desiroyed in the stomach by
stomach acids andfor enzyimatic action. Even If a substance 1s not complately destroved m
the stomach by stomach acids and enzymatic sction, the overall bioavartabibity andfor
therapeutic efficacy of a particular bloactive substance can be inpacted or greatly reduced by
such stomach acids and epzymatic action, depending on the substance being taken orally.
Another problem with many drugs, medicines and other therapeutic substances adninistered

&
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orally is that oral ingestion of these substances can cause severe stomach upset, nausea,
ard/or vomsting,

The invention relates to a method of proteching the medicine or other bioachive
substance from attack by acids and enzvmatic action in the stomach by encapsulating the
medicine or other bioactive subatance in the modified alginate hydrogel, When the
encapsulated medicine or other bicactive substance reaches the small intestine, it is released
into the small intestine by diffusion due to the pH differential, or gs the nucrocapsule falls
apart, thereby increasing the overall bicavailability and effectiveness of the medicine or other
bivactive substance. This method of encapsulation and oral delivery also eliminates certain
problems and adverse side effects often associated with the oral delivery of various medicines
and other binactive substances in humans and animals. Accordingly, this novel modified
alginate hydrogel, #s methods of preparation, and #s use t© encapsulate medicines and other
broactive substances for oral delivery to humans and antmals, can provide humans and
animals with g wide vartety of health benefits, while eliminating certain problems and
adverse side effects ofien associated with the oral delivery of these medicines and other
bivactive substances.

Among other things, the various compositions and combinations which comprise the
invention may also be encapsulated and produced in a micro-size suitable for injection, either
by stself| or in combination with liposomes, micelles, and/or nanospheres, for targeted
debivery to a specific site or group of cells in humans or amnmals, such as a tumor site.

Modifyving the Alginate

In an embodiment, the combined aromatic compound and carbohydrate is one or more
amines combined with the alginate. In another embodiment, the combined aromatic
compound and carbobydrate 1s a dopamime cominned with the alginate. In an embodiment,
the combined aromatic compound and carbohydrate is 4€2-ethylamino}benzoic acid alginate.
In another embodiment, the combined aromatic compound and carbohydrate is a dopamine
alginate.

In an embodiment, a H2-ethylanuno)bensoic acid devivative, a 42~
ethvlaming jphenolic dertvative, or a 4{2-ethvlaminganilinic derivative, andéor a pama (2-
sthylaminoitohienic (Le., (2-cthylamino)d-methylbenzene} denvative is used to create the
modifled algimate. I an embodiment, the methodology used fovolves using N-
Hydroxysuccinimide {(NHS)Y optionally in comjunction with {-Ethyl-3-(3-

dimethylanunopropyhearbodiimide (EDC) (o aclivate the carboxylic acid {or carboxylate} on
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the alginate allowing the primary amine o the aronatic substituent to react with the
carboxylate o generate the amide.

in an embodiment, the cheovcal structure of natarglly vcawting algingte s also
covalently and noncovalenily modified, by adding catechel functional groups (o the alginate
backbone with the goal of improving alginate’s adhesive properties and ifs rigidity thereby
mproving #s performance as a wound healing aid or surgical adhesive.

In an embodunent, generically one can react a carbohydrate with an aromatic
compound {wherein both have reactive functionaglities} to generate a polvimer that containg
both a carbohydrate portion and an aromatic portion. For example, in an embodiment, the
reaction may proceed as indicated below in Scheme T wherein X 18 a counterion that allows
the carboxylate to make a salt. Ry may be any of a plarality of substituents such as OH, NH;,
COOH, NOs, CN, Br, CL F, Cagalkylhalides, CHa, Cogalkvl, SOH, or COCHz. mis 1o
3.onis 1 to 1000000, and 015 1 to 3. ¥ should be noted that Ry can be a muxture of
substituents. That is, for example, if 0 15 2, Ry can be two hydroxyis, or alternatively, one of
the Ry"s can be hydroxyi and the other R, can be a halide {or any other substituent identified
herain).

{Rido

\/f\

e
{ }1’8
COOX
Ry
oH /{ e O
. f—0

Schome 1

The reaction as shown in the scheme inunediately above can be done using alginates
{as the carbohyvdrate).  Algmic acid is a combination of f-D-mannuronic and a-L-gulurome
acids attached with 1—4 Hukages. Thus, although scheme 1 is shown with only one type of
carbolvdrate, it should be understood that the respective sugars in the carbohvdraie may be
different. Similar to using alginic acid, it should be wderstood that other types of

carhohydrates may be used.
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In an embodiment, the carbohydrate combined with an arcmatic are such thai the
carbohvdrate ¥ aigic actd, X is sodivm, m 13 2, 3 is between about SLO00 and 1,GHLE0G,
o 1s 2, and the two Ry are both hydroxyls. In one embodiment, the hydroxyls are positioned
meta and pata o the ethylamine (that is present on the phenyl group). In another
smbodiment, the carbohydrate 1s alginiv acid, X 13 sodiam, m 1s 2, 1 18 batween about
SO0.000 and 1,000,000, 0 1s 1, and Ry 15 amino or a carboxylate salt {or carboxylic acid).

In an embodiment, the aromatic substituent that reacts with alginic acid {or other
carbohvdrate substituent) can alternatively be d-aminomethy! benzene sulfonamide or 4-
aminosthy! benzene selfonannde. Sinlarly to the reaction as shown 1 schame 1, i 4-
aminomethyl benzene sutfonamide or 4~-aminoethyl benzene sulfonamde is used, n may be
hetween about 300,000 and 1,000,000, the 4-aminomethyl] benzene sulfonamide or 4-
amincethyi benzene sulfonamide may contan additional substituents off the benzene ring,
and the substituents in one embodiment may be amino or a carboxyvlate salt {or carboxyhic
acid).

Generally, the reaction is performed in a buffer such as PBS (Phosphate Bufferad
Saline}, gt other balfers are contemplated that can be used {as long as they don't adversely
affect the reaction).  Additionally, andfor sltematively, the reaction may take place in a
nitrile such as acetontirile.

Although the reaction above w scheme s shown with varving lnker group stzes (m
cant be 0 10 3), and different functional groups on the avomatic ving, maxinmal
microencapsulation may occur when the hinker group is an ethylene. }t should be recognized
that 1 order to get the desired reaction to proceed, protective groups may be uiilized to avoid
having a plarality of different reaction processes cccurring. These protective groups and their
chemistry can be found in, for example, Greene's Protective Groups fn Organic Synthesis,
Fourth Edition, 2007, John Wiley & Sons, Inc,, which is hereby mncorporated by reference in
Hs entivety.

In an embodiment, the present invention relates to algingte compounds and methods
of preparing smd alginate compounds for encapsulating the bicactive substance to be
delivered orally or by other means. In ong variation, the alginaie i1s an amine-modified

alginate. In another vartation, the alginate is a dopamine-modified alginate (IMA) using 2
different preparvations.  These two different prepavations can be characterived and quanufied
by a LH-NMR methodolegy developed for quantifving dopamine incorporation imto the

alginate backbone.
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Dopaming {i.e., (4-(Z-amincethyl} benzene, 1,2-diol)), forexample, has thres
substituents, mchading o ethvlene haker with a reactive aming group that allows o be
ideally linked to algmate {or alginic acid). Without being bound by theory, the inker group
is of a sullicient length to allow ideal microencapsulation’ of medicines, drugs, proteins,
hormones, vaccines, vitanuns, nunerals, micronutrients and other dietary supplements,
biological materials, probiotics and other micro-orgamsms, and other bioactive compounds
and substances. The modified alginate has both a polar group (the carbohydrate portion) and
a hydrophobic portion {the aromatic benzene) ring that allows ideal microencapsulation. The
modified algmate compounds of the present mvention are ideal for protecting the bioactive
substance from attack and degradation by acids and enzymatic action in the stomach, therchy
enhancing the bicavatlability and effectiveness of these biogctive substances in the place
where they ars most useful and beneficial {i.e., in the intestines).

By preparing the compounds of the present fiwvention, #t has been found that the
alginate encapsulated compounds and other substances are protected at pH levels that are
found m the stomach (pH of about 1-3) but the alginate encapsulated compounds are able 1o
be made avatlable at the pH lavels that are found in the intestines (more basic pH {evels of
about 7-9} as the alkaline environment allows the alginate compound {o be broken down and
thus access to the encapsulsted compound 1s achieved. The alginate encapsulated compounds
and substances are protected at acidie pH levels by the dopamine alginate.

In an embodiment, the lability of the alginate encapsulating material s such that the
algmnate encapsulating material is able to withstand the pH of saliva (generally 8 pH of about
6.5-7.4} for a sufficient amount of time that the alginate encapsulating compounds are able fo
reach the stomach in a still encapsulated state. Then, upon prolonged exposure to the pH of

the small intestine, the encapsulated compounds become bloavailable for their intended

benelits. In an embodiment, the algingte compound can be made by the scheme shown in

scheme 1L
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Scheme 1l

To accomplish alginate modification, the present invention relates to simultaneously
pursuing two approaches: 1) formation of amide bonds to existing carboxyhic acid groups on
the alginate backbone and 2) synthesizing small molecules contamning catechol funetional
groups which can be vsed as modalar additives to other available alginate systems. Some of
these small molecoles ave covalently linked to alginate and some miteract through
noncovalent interactions such as hydrogen bonding. The results of these approaches indicate
that both stiffness and adhesiveness of alginate can be improved by up to 3 fzctor of thres
with small molecale addifives. Tt has been unexpectedly found that the preparation and
addition of the modular small molecules to alginate using the first approach indicated above
only takes a matter of hours whereas the more classical second approach of forming amide
bonds to the polysaccharide fivst and then using that modified polysaccharide takes dayvs.

T an embodiment, using the methods of the present tnvention allows one to
incorporate preater amounis of dopamine (or other aromatic substituents) into the alginate
than has been previously reported. Using the methods of the present invention allows
between aboat 3% to about 1 3% incorporation of dopamine into the alginate. Thas, man
embodiment the present invention relates to the incorporation of dopamine info alginate at @
level of between about 5-158% by weight, alternatively between about $-129%, alternatively
between about 5-1{94, alternatively between about 18-15%, or slternatively befween about 3-
R%4.

i an embodiment, the present invention relates 1o customized cross-linked algingte-
amine, or other aromatic coatings, for encapsulating medicines, drugs, enzvimes, profeins,
hormones, vaccines, vitamins, nunerals, micronutrients and other dietary supplements,

biological materials, probiotics and other micro-organisms, and other bioactive compounds
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anst substances, and methods of applying the same. The amine and dopaming alginates are
produced using a reaction scheme that does not tequive slevated temperatures. The techmigoes
disclosed heren enable appheation of molecular monolayers of the alginate-amine or
alginate-dopamine coatings on the bicactive substance, and on probiotics and other micro-
organisms as well. These monolaver coatings can be on the order of nanometers in thickness.
it has been unexpectedly discovered that the coatings disclosed berewn enable apphcation of a
coating that allows these various medicines, drugs, enzymes, proteins, hormones, vaccines,
vitaniins, minerals, micronutrients and other dietary supplentents, biclogical matevials,
probiotics and other micro-organisms, and other bicactive substances to be used by a host
organism, sach as bumans and amimals, without causing the premature ruptuve of the
encapsulated material, for example in the acidic enviromment of the stomach.

In one embodiment, the nveniion is drawn 0 a liocompatible capsule that mcludes a
biological material and g covalently stabilized coating encapsulating the medicine or other
bioactive substance.

The present invention offers unexpeciedly supenior properties and vesulis because the
modification of alginate by attachment of amine or dopamine molecules results in enhanced
adbesiveness of the alginate polysaccharide.

in an embodiment, the present invention also relates to the transport of solutes within
alginate hyvdrogels. Transport of solutes is important for saccess i both protein and cell
debivery systemis. The transport within this hyvdrogel system s largely driven by diffusion,
amd diffusion varies as a function of alginate conposition snd concentration. The rate of
diffusion 1s dependent on the G fractions of algmate, with the diffusion coefficient mcreasing
at Jower G fractions. This is attributed to the Hexibility of the polvimer backbone, meaning
that bigher G fractions result in higher crossiinking, less swelling and hence g greater barnier
to diffusion. The measurements of simple physical parameters, such as volume fraction and
size, can be used to predict solute transport in alginate hvdrogels. These parameters can be
controlled based on the alginate concentration and composition for sustained release of small
amounts of substances encapsulated 1o alginate.

However, in situations where the release of readily effective therapeutic levels is
desired, the present invention offers the bepefit of modifying the alginate delivery velncle to
release the encapsulated products based o prompt degradation of the alginate hydrogel. The
present invention is able o achieve this immediate release and enhance the bicavailabiliy of

therapeutic molecules encapsulated in alginate hydrogel by modifving the alginate polymer to
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degrade based on sensitivity o the basic pH of the small intestine whare absorption info the
systernic circnlation also takes place.

In an embodiment, and in the case of algmate, covalent modifications of the
polysaccharide have been performed to alier the acid-base stability of alginate pellets used for
drug detivery. The results show that amine and dopamine medified alginates are stable in
acid enviromments sinnlar 1o what one would find m the stomach and that these pellets
distntegrate readily in a basic environment sinular to what one would find 1 the small
mntestine, In g variation, the present invention aims to synthesize alginates with varying
degrees of amide modification and {0 prepare alginates of additional amides in order to
optinyize properties for acid and base sensitive drug delivery appheations. In a variation, the
modified alginates will be formulated into microparticles and optimize tested for thewr avid-
hase stability (amide-modified). In an embodiment, the modified carbohydrate
formulations/microparticles may also be used for wound healing aid or used as surgical
acthesives.

Prior to the present invention, to the inventors” knowledge. there was no report of
alginate modification by use of amines, or alginate modification such that its hydvogel would
readily degrade m response 1o a basic pH sensitivity to release encapsulated products in the
small intestine. Thus, a unique phenomenon that would enhance the bioavailability of
therapeutic agenls, such as probiotics and other bioactive substances, is conlemplated, and
therefore within the scope of the present invention.

Encapsulating Various Bioactive Substances

in an embodiment, the present invention relatas to protecting a multitude of bicactive
substances from the destructive effects of acids and enzymatic action in the stomach, and
thereby enhancing the bioavailability and effectiveness of these varions bosctive substances
by encapsulating thent in one or more embodiments of the modiflad alginate.

In one embodiment, the present invention relates o encapsulating proteins, hormones,
and other bioactive substances in the modified alginate, which protects these bioactive
substances from attack and degradation by acids and enzymastic action in the stomach, which
binactive substances are then released i the infestines as the modified alginate nucrn-capsule
falls apart andfor diffuses s conlents into the intestines. Oue such example is encapsulating
insulin i the modified alginate in & bloavatlable form for oral delivery to protectst from
destruction by acids and enzymatic action in the stomach, so that the insulin can be delivered
o the small misstine intact, where i can be released and absorbed o the bloodsiveam for
use by homans or animals in appropriate amounts.

15



16

15

20

25

WO 2018/004906 PCT/US2017/034748

In an embodinent, the present vention relates 1o encapsalating drugs, medicines,

and other bloactive substances in the modified slgmate, such a3 nov-preseription pan

medigations, so that these substances do not cause stomach upset, nawsea, and/or vomiting

when faken orally. One example 15 encapsulsting aspinn {acetylsalicylic acid) for oral
delivery, therebyv preventing the release of the acetylsalioviic acid in the stomach, whare it
often causes stomach upset, nausea, vonuting, and even vlcers (if taken regularly to reduce
pain or inflammation). Instead, the encapsulated aspirn 15 released in the small intestine as
the nodified alzinate micro-capsule falls apart andfor diffuses its contents into the intestines,
where it 1s absorbed into the bloodstream to reduce fever, relieve pain, swelling, and
inflammation, from conditions such as muscle aches, toothaches, common cold, fla,
headaches, and arthritis; prevent blood clots and lower the risk of heart attack, clot-related
strokes and other blood flow problems in patients who have cardiovascular disease, or who
bave already had a heart attack or stroke; and to treat a variety of other conditions in humans
and animals.

In an emsbodiment, the present invention relates to encapsulating drugs, medicines and
other boactive substances n the modified alginate, such ag preseription pain medications, so
that these substances do not caase stomach upsel, nausea, and/or vomuting when taken orally.
An example is encapsulating opioid-based pain medications such as oxveodone,
hvdrocodone, codeine, morphine, fentany! and others. These medications often cause
stomuach upset, nauseq, andor vomiting when taken orally. When these pain medications are
encapsulated in the modified alginate for oral delivery, the modified alginate prevents the
releass of the pain medication in the stomach, where it would normally cause stomach upset,
nausea, or vomiting. Instead, the encapsulated pain medication is not released until it reaches
the smyall intestine, wheve the modified alginate muacro-capsule falls apart andfor diffuses its
contents indo the intestines, where i 15 absorbed into the bloodstream to reduce moderate o
severe pain from a variety of injuries, diseases and other serions or hife threatening
conditions,

In an embodiment, the present invention relates to encapsulating opicid-based snd
other potentially addictive pain medications in the modified algmmate for oval delivery, so that
the prescription pain medications cannot easily or readily be separated from the modified
alginate, torned fnto a powder, snd sold by drug dealers to drog addicts, who inhale, sport or
smoke the powder, or iquify # and inject it directly into their veins or arteries.

In an embodiment, the present inventton relates to encapsidating medicines and other
bioactive and therapeutic substances in the modified alginate to increase bioavailability,
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protect the substance frons attack, degradation or destruction by agids and snrymatic action
the stomach, and make #t hargely tasteless, odorfess and undetectable for oral debivery to
animals, including pets and hvestock. The largely tasteless, odorless, and undetectable
nucro-capsules contarning the medicine or other bioactive substance can then be combined
with pet food, animal feed, and other foodstufls the amimal finds appeahing, so that the animal
will readily eat the micro-encapsulated medicine or other bioactive substance, and not reject
1t or spit it out, as is often the case witl any food or other substance that does not smel good
or taste good to the animal, which also makes it difficult (0 administer these therapeutic
substances to pels, hvestock, and other ammals, This novel method of encapsulation of

medicines and other bioactive substances for oral delivery to ammals will also (1) increase the

bioavatlability of the encapsulated medicine or other bicactive substance being ingested, (11)

maks it easier to pauge the amount of the bivactive substance that is actually ingested by the
animal, (i) reduce the amount of medicine or other bicactive substance required (dose), since
greater bioavailability (Le., greater efficiency and effectiveness of the medicine} often results
in a lower dose being required, {11} ehiminate unnecessary anxiety and frust issues befween
the animal and the person administering the medicine or other therapeutic substance, (3v)
eliminate the risk of injunies to persons administermg the medicines and other bioactive
substances to the antmal, and (v} eliminate the cost and expense of having to utthze g
veterinarian or other frained professional 1o administer the medicine or other bivactive
substance to the animal.

In an embodiment, the present invention relates to encapsulating live and active
probiotics, gut flora, and other “zood”™ or “healthy” micro-organisms in the modified alginate
{0 protect them from attack, degradation, andfor destruction by acids and enzymatic action in
the stomach. The nucro-organisms are then released in the inlestines alive and intact, where
their health and other therapeutic benefits can be fully reslized. One example is
encapsuiating Laciobacillos Caset NCDC 298 in the modified alginate. Encapsulating
probiotics both lengthens thew shelf-hife and shields them from attack, degradation, andior
destruction by acuds and enzymatic action in the stomach gfter they arve orally ingested.
When the encapsulated probiotics reach the small intestine, they are released as the modified
alginate fally apart. The probiotics are then able to recolomize the sud with their “good™
bacieria, so that the many heslth and other therapentic benefits of the probioties can be fully
utilized and realized. Many other types and strains of probiotics can be encapsulated in the

modified alginate for oral delivery to humans and animals,
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The maintenance of Hyve bacterial cells until they are able 1o reach the intestines is ong
of the key requirements for ohtaining health benefits from probiotics. Therefore, man
embodiment, the present mvention relates to providing probiotic hiving cells with a physical
harrier against adverse environmental conditions uniil debivery 1o the intestines has been
accomplished. In a vanation, the proper conditions are a basic pH. In an embodiment, the
present imvention relates to a composition that inclades an encapsulated probictic that bas a
plurality of health benefits.

Because probiotics are biological entities, delivery of suflicient doses is constantly
challenged by inherent factors that nught limit their biological activity, inclading the
conditions of growth, processing, preservation, and storage. Specifically, loss of probiotic
viability occurs at many distinet stages, inchuding freeze-drving of cells during mitial
manufacturing, during their preparation (high temperature and high pressure), fransportation
and storage (temperature flactuations), and after consumption or in gastrointestingl (GI) track
{(low pH and bile salts). One of the determuined factors for probiotics to have beneficial effects
is to maintain the high concentration of viable cells for mdividuals to uptake. Although
commercial probiotic products are available, many of them lose their viability during the
manufactuning process, transport, storage.

in an embodiment, the present invention relates to a composition which contains a
probiotic. In one embodiment, the compositions of the present invention may be good for
those that have cardiovascular issues. The composition of the present invention may be
usefud at improving the immaune health of individoals that consame the composition. In one
embodiment, the compostiion of the present invention nmay conywise both a prebiotic, which
optimizes the conditions for any composition, that also contains probiotics.

I an aliernate embodiment; the composition of the present mvention may confain ong
or more probiotic cultures that may include, for examyple, various spectes of the genera
Bifidobacterium, Lactobacillus, and propionibacteria such as: Bifidobacteriom animalis
lactis; Bifidobocterium bifidum; Bifidobacienium breve; Bifidobacteniam infantis;
Bifidobacteriwm longum; Lactobacillus acidophilus; Lactobacillus casei; Lactobacillus
plantarum; Lactobaciilus remteri; Lactobacilius rhamnosus; Lactobaciilus spoogenes and the
like. A species of yeast Saccharomyees boulardil, may also be used as a probiotic. Inan
embodiment, the probiotic cultures nchude Bifidobacterium lactis BI04, Batidobacterium
lactis BB-12 {CHN), and L. reutert (8D §5730~-Biogaia).

In an embodiment, the present inventton relates to encapsudating vitamins, dietary
supplements, and other bioactive substances in the modified alginate for oval dehvery to
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humans and animals, since certain vitamins, distary supplements, and other bivactive
substances suffer from issaes of bioavailability, as well as fssues of oxidation and the build~
up of toxic peroxides and other substances, among other things. These include Omega-3 faity
acids (EPA/DHA), CoQ10, and vitamin D, which current research strongly suggests are
unporiant to our overall health and well-being, and should be admimstered and used o
supplement the diets of large numbers of people around the world. Among other things, the
bioavatiahility of these vitamins, dietary supplements, and other bioactive substaaces, and
their ability to be stored for any length of nime, are hampered by oxidation and the build-up of
toxic peroxides and other substances. They can alse be impacied by the mirinaic properties
of the digestive tract, especially the differential pH along the tract. The variable pH from the
stornach to the Intesting impacts the stability, and thereby the bioavailability, of {at and
peptide-based dietary supplements and other pharmaceuticals. Some vitamins and distary
supplements, such as vitapun C, vitamin B3, vitamin A and vitamin D, can also cause
stomach upset, nausen, and vomiting when taken orally. When these vitaming, dietary
supplements and other bioactive substances are encapsulated in the modified algmate for oral
delivery, encapsulation (1) protects the encapsulated substance from the destructive and toxic
effects of oxidation while being stored, (i1} prevents the release of the encapsulated substance
i the stomach, where it causes stomach upset, nausea, or vonuiing, (111} protects the
sncapsulated substance from attack, degradation, and destruchion from stomach acids and
enzymatic action, and {iv) prevents the encapsulated substance from being released until it
reaches the small intestine. where the micro-capsule falls apart and/or diffuses its contents
mto the intestines, where the substance s absorbed mio the bloodstream for its health and
other benefits.

One such example 1$1o increase the bioavailability of Vitanun D, which constitutes a
largely unrecognized and serious public health problem. Chronic Vitamin D deficiency
adversely affects adequate mineralization of bone and leads (o rickets in children and
osteomaleia or osteoporosis i adolts. Low levels of 25-hydroxyvitamin D, the universal
chinical parameter of vitamin D status, is associated with an increased risk of cancers,
cardiovascular disease, and diabeles, among other diseases. Thus, the present mveniion
refates to methods associated with being able to tveat vancery; cardiovasealar disease,
diabetes, and other discases. The present mventton addresses fssues that the dietary
supplement and pharmaceutical industries have long considered necessary, but have been

largely unavailable.

18



5

16

15

20

25

WO 2018/004906 PCT/US2017/034748

In an enibodiment, the present invention relates o being able 1o prolong the
bioavasiability of medicaments/dietary supplements by combining a microencapsulated
dietary supplement/medicament with the same or different non-microencapsulated
medicament. The medicament/dietary supplement that is not microencapsulated will show
bioavailability more rapidly (for example i the acidic stomach) whereas the
microencapsulated dietary supplement/medicament will not be readily bicavailable until 1
passes through the acidic stomach. That 15, it will be bioavailable once it passes to the more
basic conditions of the intestines.

In an embodiment, the present invention relates to encapsulating cells, cell parts,
tissues, and other biological matenals in the modified alginate in a micro-size suitable for
mjection, either by itself, or in combination with hiposomes, micelles, and/or nanospheres, for
targeted delivery to a specific site or group of cells in umans or animals, such as a tumor
site.

In embodiments of the present invention, the compasition may be used to treat any of
a number o maladies. For example, the functional aspects of the invention may act as an
antioxidant, or treat digestive maladies andfor alternatively, treat cognitive disorders and or
aliernatively and/or addstionally treat cardiovascular systems and diseases. The formulations
of the instant invention may also be used to treat eczema. In an embodiment, a subject s a
noman in need of cancer treatment.

In an embodiment, the present invention relates to methods and compositions
comprising the alginate hvdrogel that can be used to micro-encapsulate & wide variety
bioactive compounds and substances, which can then be admunistered orally to humans and
animals i order to treat, andfor inhibit a wide variety of diseases, parasites, and other
conditions i humans and animals, without significant degradation of the substance by
stornach acids and enzymatic action, and without experiencing some of the negative side
effects which ofien accompany certain medicines when taken orally.

In an embodiment, the present formulation may comprise a composition that contains
one of more stitbenes sufficient to have desired antioxidant effects. Alternatively, in an
embodiment, the one or more stifbenss present mmay have beneficial anti-inflammatory
effects. In an alternate embodiment, the present fnvention may contain one of more stilbenes
that are efficacious n reversing cognitive behavioral deficits. Tn an embodirsent, the
formulations of the present invention may be effective against Alzheimer's,

The composition of the present invention may additionally contain pharmaceatically
acceptable salts, solvates, and prodrugs theveof, and may contain antisephics, astningents,
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diluents, sxcipients, carriers, micelles, Hposomes, or other sulistances necessary {0 increase
the bicavatlability or extend the lifetime of the compounds/probiotics present in the
composition of the present invention. The present invention 15 not only direcied to
compositions but is also directed o formulations, supplements, sweeteners, medicaments, and
other products and methods of using those products, formualations, sapplements, and
medicaments.

in an embodiment, the aromatic substituent cComMprises one or MoTe aniines, or
mixtures thereof. In an embodiment, the aromatic substituent comprises one or moreg of a
dopaminic substiuent, a 4(2-ethylanine) phenolic substituent, a 4(2-ethylaminotbenzoic acid
substituent, a 4(2-ethylamine) anlinie substitueny, a (2-ethyvlamino}d-methyl benzene (the
toluene derivative) substituent or nuxtures thereof, In one varnation, the gromatic substifoewt
comprises the dopaminic substituent.

In an embodiment, the modified alginate is stable under acidic conditions but is labile
under basic conditions, In a variation, the modified alginate is stable at a pH of between
about 1.3 to 3.5 but 15 iabile when the pH increases toa level shove 7

it an embodiment, the amount of dopamine present in the modified alginate has
between about 5% and 15% by weight dopamine.

in an embodiment, the present invention relates to a method of making proteins,
micronwirients, diefary supplements andéor probiotics more bioavailable to an mdividual in
seed of said proteins, micronutrients, dietary supplements and/or probiotics by administering
to said individual said proteins, micronutrients, dietary supplements andfor probiotics
encapsulated in a modified alginate, the modified alginate being modified by the
mcorporation of covalently linked dopamine substituents, covalently hinked 4{2-ethylamino)
phenolic substituents, covalently linked 4(2-ethylaminobenzoic acid substituents, covalently
linked 4(2-ethylansno) anilinic substituents, or covalently linked 4(2-ethylaminooluenic
substituents.

In a variation, the method is such that the amount of dopamine present in the modified
algingte is between gbout 5% and 15% by weight dopamune. Alternatively, the smount of
dopaming present in the modified alginate is between abowut 8%% and 15% by weight
dopamine,

hra vanation of the method, the modified alomate 15 stable at a pH of wrownd about 3
to 3 and fabile at a pH above 7. In one variation, the microencapsulating alginate s stable for
at least about 5 mimses at a pH above 7, or alternatively at least about 10 minutes, or
alternatively at least sbout 15 nunutes. In a variation, the mucroencapsulating alginate has a
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thickness such that the proteins, nucronuirients, dietary supplements andfor probiotics can be
exposed to saliva in the mouth and not be made bioavatiable wittl the proteins,
nucronuirients, dietary supplements and/or probiotics reach the intestines of an individual
that mgests the proteins, micronutrients, dietary supplements and/or probiotics.

In an embodiment, the present imvention relates to a method of preparing an aromatic
alginate, the method comprising reacting an alginate with an aromatic substituent, said
aromatic substiiuent comprising one or more of a dopaminic substituent, a 4(2-
ethylamino jphenolic substituent, a 4(2-ethylaminoibenroic acid substituent, a 4(2-
ethylaminoanilinic substiteent, a 4{2-ethylamimooluenic sabstituent or muxtores thereofl

In a vaniation, the method of making the modified alginate incorporates a dopaminie
substituent by reacting alginate with said dopaminic substituent, a 4(2-ethvlaminoiphenolic
substituent, a 4(2-ethyviamineibenzoic acid substituent, 3 4(2-sthylanunolanilinic substituent,
a 4(2-ethylamino oluentc substituent in the presence of one or wore of N-
Hydroxysuccininude (NHS) and {-Ethvl-3-3-dimethylanunopropyhearbodiinnde.

In one variation of the method, the solvent that i3 used in the method of making the
modified alginate 1s a pitrile sach as aceionitrile.

In an embodiment, the present invention relates to a method of delivering a dietary
supplement or probiotic to an mndividual in need thereof, satd method comprising
adnnnistering to said individeal a composition that comprises & modified carbohydrats, said
modified carbohydrate comprising 8 modified alginate, that has been meodified by an aromatic
substitute, said aromatic substituent comprising one or morve of a dopaminic substituent, a a
4(2-ethyvlamine)phenolic substituent, 3 4(2-ethylaminoibenzoic acid substituent, a 4{2-
ethyvlaminojanilinic substituent, a 4(2-ethvlaminofoluenic sabstituent or muxtares thereof.

In avanation, the present method uses proteins, micronutrenis, dictary supploments
and/or probiotics that are encapsulated by the modified carbohvdrate.

In an embodiment, the modified carbohvdrate 1s a modified alginate. In a vaniation,
the modified alginate is modified by covalent additon of dopaminic substituents. Ina
variation, the modified alginate containg dopanunic substituents in an amount of about S 1o
about 15% by weight dopamine. In an embodiment, the modified alginate is stable at a pH of
about 3o 5,

D an embodiment, the present mvention relates to a method of treating aw individual
in need thereof by administering proteins, micronutrients, dietary supplements andior
probuotics to satd individual, wherein the protemns, micronutrients, dietary supplements andfor
probiotics are encapsalated in & modified alginate, the modified alginate being modified as
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describedt above, The method may include treating individuals for depression wherein the
method ases as a distary supplement fish ol that serves as a privaary sowurce for omega3 {alty
acids. The method may boost the abihiy o boost the effects of antrdepressants, they also may
aid 1 treating the depressive symptoms of hipolar disorder. The method mayv be also used
for treating visual or newrological problems i infants or atding visual and newrclogical
development in infants. The method may allow ingestion of omega-3 fatty saids in relatively
high doses that may lower inflammation, and may treat asthma,

In an embodiment, the invention relates fo delivering omega-3 fatty acids 1o
individuals, which are useful in ameliorating andfor reducing svmptoms associated with
ADHD i some children, while at the same time enbancing ther mental skills. The mvention
also refates to the use of omegs-3 fatty acids to treat or slow the progression of Alzheimer's
disease and dementia.

In an embodiment, the invention relates to a method of using the modified alpinate o
deliver vitanun D. Thus, the method may be used to reduace inflarmmation {by acting on C-
Reactive Protein}. In 2 variation, the method of delivering vilamin D may aid individuals in
reducing pain as well as the sfress on joints. The method may also relate 1o the treatment of
or reducing theumatowd arthnitis, obesity, cerlain cancers, various heart discases, and the
effects of radiation. Similatly, the method may be used to enhance individuals™ mental
capacity, the immune sysfem, bone growth, and the proper production of msulin,

In an embodiment, the present invention velates o 3 wethod of adwimistering sulin
by using the methods and compositions as disclosed above. Thus, the method may be used as
a means of keeping the blood sugar level from getting too elevated (hvperglveemia) or oo
low (hypoglvcemia). In a variation, the method may be able to aid individuals whe are
unable io effectively produce the correct amount of msabn,

in an embodiment, the present invention also relates to 3 method of treating irvitable
bowel syndrome that allows the modified alginate to encapsulate 8 medicament that enhances
the bivavailability of the medicament in the intestines where the medicament is most needed.
Movreover, this would allow the delivery of medicaments that otherwise might be acid labile
{that is, these medicaments are able to survive the acidic conditions of the stomach because
they are encapsulated).

hran embodiment, Dopanune modified alginate nsing 2 different preparations were
developed and a TH NMR method for quantifying dopamine incorporation into the alginate

backbone {Scheme 1), Alginate was prepared containing 4%, &%, and 13% dopamine
g 8 8 _
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incorporation. Accordingly, in an smbodiment, modified alginate was prepared that
contained approximately 1 of every 25 carboxyvlates modified, 112 and L&, respectively.

In an embodiment, the 8% dopamine-modified alginate {DMA)} was tested to make
slabs encapsulating nanoparticles for orgl drug delivery. Afler 2% weight % DMA was
dissolved i Hank's Balanced Salt Solution (HBSS) without calohwn, Omega-3 o1l loaded
sitica nanoparticles were mixed with the DMA. The mixture was then crosslinked by adding
CaCl2 and allowed 1o sit for about 15 minutes @ room teniperature unitl it formed a hvdrogel
slab. The hydropgel was cut in half to compare the degradation rate in different pH
environnents, One-half of the hydrogel was placed in a 1 N HCI (pH <1), and the other in a
bath of Krebs Ringer Solution (pH 7.4) to minue the highly acidic stomach, and the more
newtral gut conditions, respectively. The hydrogel stabs under these two conditions were
placed in an incubator at 37 °C and an inverted light microscope was used 1o compare the
overall shape, transpavency, and velease of nanoparticles from the two incubation conditions.
Images of the slabs were taken initially, at 1.5 hours and afler overnight incubation it was
apparent that the neutral pH caused the DMA hvdrogel to degrade rapidly, thereby releasing
the nanoparticies o the bath. The hydrogel that was placed in the acidic bath remamed
mntact for an additional 2 weeks of follow up. Apart from protecting bioactive compounds
from the destructive effects of acids in the stomach, the present invention relates to
microencapsulation that enhances the bivavalability of bioactive subsiances.

Modification of alginate by attachient of dopanune molecudes also resulied in
enhanced adhesiveness of the alginate polysacchanide. Thus, in an embodiment, it is
contemplated and therefore within the scope of the invention that stable microbeads of the
modified alginate might potentially be used to delay the transit time of the beads containing
therapeutic biogctive compounds in the mitestive such that sustained delivery of the
compounds would be achieved for enhanced therapeutic efficacy. It was found that the
stability of the modified alginate microbeads can be achieved by increasing the degree of
modification of alginate with dopamine.

Procedures for Encapsulating Vardous Biocactive Substances

The following are examples of procedures used to nucro-encapsulate certain
identified bivactive substances with the modified alginate. These examples are ilhustrative
ondy and are not to be considered the only exnbodiments of the invention.

Aleinate Micro-Encapsulation Procedures

The following procedures can be used to micro-encapsulate any of g plarality of Boactive
substances.
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Modified aliinate 1s dissolved in Hanks Balanced Salt Solution {HBSS) (Sigma)
overnight at 4°C. The desived compounds, drugs, or cells are vaspended in the alginate and
muxed to ensure uniform distribution of the vanous substances. The suspensions are then
loaded into a peristaltic pump, extruded through a 15-gauge needle at a rate of 0.2 mbmin,
and droplets of the suspension are rgceived in a bath of calcium chlovide {Calla) fiw
crosslinking {(gelation). The crosshinked microbeads ave then collected and washed twice with
HBSS supplemented with 25 mM CaCly.

Effects of Alginate Modification

There exist two methods (described belov) that can be used for modifying the alginate,
each of which determines how the alginate will degrade 1 more neutral pH solutions. & first
method for modifving the alginate degrades slower relative to a second method for modifying
the alginate, which can be useful for targeted delivery in the gastrointestinal tract (GIT). The
second method bas been shown 1o resalt in alginate microbeads that fall apart {(degrade)}
within 30 minutes, while microbeads generated from slginate modified by the Hrst method
degrade in about 1-2 hours. The two methods are as follows:

Method 1:

Alginate {1 mmol equivalent) is dissolved by abonst 25 mL of premade phosphate buffer
solution (pH 6.0) and 25 mL of acetonirile. 1.1 mol equivalent of ERC (1-Ethyl-3-(3-
dimethyvlanunopropyhearbodiimide) and 1.5 mol equivalent of NHS (N-
Hydvoxysuccininude) are added to the solution. The reaction is stirred for 1 h in the dark
followed by addition of 1.8 equivalent of 4(2~-ethvlaming) benzoic acid HCL The mixture is
stirred in the dark under mert atrnosphere for the next 18 h. The sohution is then dialvzed for
12 b in ¢.1M NaCl and then detonirzed water for 24 h. The solvent is then removed via
Ivophilization. 210 mg of white, cotton texiured modified alginate material was obtained.
Method 2:

The alginate (1 nunol equivalent) i dissolved in wltrapure water (Millipore Sigma) with
10% {v/v) 1sopropanel 1o about 8 mg/mL. The solution is degassed with N; and chilled to
about 2-4 *C. A degassed solution of sodium {meta)periodate {0.25M solution) 1s added
based on the desired degree of oxidation intended (at (0.5% oxidation}. The mixture is stirred
for 48 h in the dark and then dialyzed in altvapure water until the conductivity was below 2
u8 and then dried via hvophilization.

The pertodate oxidized alginate is dissolved in ultrapure water and methanod (12% v/v).

Equivalent moles of amine subsiituent are added to the solution muaiching the % oxidized
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alginate and about 18 mod squivalent of pic-BH: (2-picoline-borane). The pH of the mixture
i adpasted to sbout pH 6asing phosphate bufler and the solution is stivved in the dark for 24
h. The sample is dialyzed n 0.1 M NaCl for 12 b followed by dighysis in oltiapine water for

24 h and then fvophilized.

Substiiuent presence and modificaiion guantiiicaiion was done via quaniitalive THNMR
using 3-(trimethyisiiy)-2,2 3 3-tetradenteratedpropionic acid sodiam salt {TMSP~d4) as an
internal standard.

Diffusion-Chrdered Spectroscopy (2D-DOSY - Linear gradient) was acquired to confinm
the covalent bonding of the sabstituent 1o the alginate polymer,

Addiional Modifications

Two additional parameters can be changed to further modify the degradation rate of
the modified alginate. They are: (1) the tvpe of alginate used, and (2) the alginate
concentration. Both VM (ow viscosity mannoronic acid) and LVG {low viscosity
guluronic anid) alginate are conunonly used for encapsulstion, but LVG creates g stronger
hydrogel network which slows down the degradation of the modified alginate. Also,
increasing the concentration of alginate creates a denser network which slows down the
degradation rate. Fach of these variables can be adjusted or comnbined {o create a targeted
deltvery system for the desired compound depending on the manunalian species involved and
where and when to deliver the compound of inierest.

The following move specific examples ave Hlustrative of several of the useful
embodiments of the present invention.

Procedures for Micro-Encapsulating Dewormer Druey'Medications

As one example of micro-encapsulating dewormer medications for horses, cattle,
sheep, dogs, cats, and other amimals, the equine deworming drog Renanndizole can be
nucro-encapsulated i the Modified Alginate. Bensimudizole is approximately 118,14 g/mol.
in poveder form. The procedare i3 as follows.

The Benzimidizole should be mixed with the Modified Alginate af approximately
20% wiv {20¢/100 mL). The suspension can then be loaded into a peristaltic pumnp, extraded
through a 1S-gauge nesdle at a rate of approximately 0.2 mL/min, and droplets of the
suspansion are recelved in a bath of calchun chloride {CaCly) for crosslinking {gelation). The
crosshinked microbeads are then collecied and washed twice with HEBSS {Hanks Balanced
Salt Sohution) supplemented with 25 mM CaCly. There will be approximately 1.693%10™

mol of Benvimidizole in the | mL of alginate.
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By encapsulating apmroximately 0.2 g of powder per 1 mi of the Modified Alginate,
approxinately 40 micro-beads containing the specified amount of Benaimidizole are
produced.

Procedures for Micro-Encapsulating ADHD Medications

As one example of micro-encapsidating ADHD medications, {the medication
Methyipbenidrate can be micro~encapsulated in the Modified Alginate. Methylphenidraie
has a molecular weight of 233.31 g/mol in powder form. The procedure is as follows.

The Methylphentdrate is mixed with the slginate at 209 wiv (2097100 mL). The
suspension is then loaded into a peristaltic pump, extraded through a 15-gavge needle at a
rate of (.2 mL/oun, and droplets of the saspension are received in a bath of calorum chioride
{CaCly) for crosshinking (pelation). The crosshinked microbeads will then be collected and
washed twice with HBSS supplemented with 25 mM CaCly. There will be approximately
%.572% 107 mol of Methylphenidrate in the 1 ml of alginate.

Procedures for Micro-Encapsulatinge Prescription Fain Medications

As one example of micro-encapsulating prescription pain madications, Oxyeodone
can be micro-encapsulated in the Modified Alginate. Oxycodone has a molecalar waight of
315.364 g/mol in powder form. The procedure is as follows.

The Oxveodone can be mixed with the algmate at 209 wiv {20g/100 mL). The
suspension 18 then loaded into a perisialtic pump, extnuded through 8 13-gauge needle at o
rate of 0.2 mi/min, and droplets of the suspension are received n a bath of calehum chloride
{CaCly) for crosshinking (gelation). The crosslinked microbeads will then be collected and
washed twice with HBSS supplemented with 25 mM CaCls. There will be approximately
6.34%10™ mol of Oxycodone in the 1 mL of alginate.

Procedures for Micro-Encansulating Probiotics

As one example of micro-encapsulating probiotics, the probiotic Lactobaciilus (aset
NCBC 298 can be micro-encapsulated in the Modified Alginate, The proceduore 13 88
follows.

The Lactobacillus is cultured overmight in MRS broth then spun down and mixed with the
alginate. The suspension is then loaded into a paristaltic pump. extvuded thwough 3 15-gouge
neadle at a rale of 0.2 mi/min, and droplets of the suspension are received in a bath of
calctum chloride (CaCly) for crosslinking (pelation). The crosslinked microbends are then
collected and washed twice with HBSS supplemented with 25 mM CaCly. There will be
approximately 40.0%10" lactobacilli in the I mL of alginate.

Procedures for Micro-Encapsulating Dictary Supplements
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As png example of micro-encapsulating dietary supplements, Vitamin E (alpha-
tocopherol acetate) can be micro-encapsulated in the Modified Alginate. Alpha-tocopherel
acetate has a molecudar weight of 472.743. The procedure 15 as follows.

The alpha-tocopherol acetate is mixed with the alginate at 209 w/iv (20g/100 mL).
The suspension is then loaded indo a peristaltic pump, extruded through a 1 3-gauge needle at
a vate of 0.2 mL/min, and droplets of the suspension are received n a bath of calcium
chlonide {CaCly) for crosshnking {gelation}. The crosshinked nucrobeads will then be
collected and washed twice with HBSS supplemented with 25 mM Callly, There will be

approximately 4.23% 107 mol of Vitamin R in the 1 mL of alginate.

Procedures for Micro-Encapsulating Selective Serotonin Reuptake Inhibitors (SSRIs}

As one example of micro-encapsulating Selective Serotonin Reuptake lnhibitors,
Paroxetine {Paxil) can be micro-encapsulated i the Modified Alginate. Paroxetine has a
molecular weight of 374,83 gfmol in powder form. The procedure 1 as follows.

The Paroxetine is mixed with the alginate at 209 wiv (20g/100 mL). The suspension
is then loaded into a peristaltic pump, extruded through a 15-gauge neadle at a rate of 0.2
mb/min, and droplets of the suspension are received in a bath of calohen chloride (CaCly) for
crosshinking (gelation).  The crosslinked microbeads wall then be collected and washed twice
with HBSS supplemented with 23 mM CaCly. There will be spproximately 3.33%10™ mol of
Paroxetine in the I ml of alginate.

Procedures for Micro-Encapsulating Non-Prescription Pain Medications

As one example of nucro-encapsulating non-prescription pain medications,
Acetvisalicviic Acid {Aspirin) can be micro-encapsulated n the Modified Alginate.
Acetyisalicvlic Acid has a molecular weight of 188,137 gimol in powder form. The
procedure 15 as follows,

Acetylzalicylic Acid is mixed with the alginmie at 20% wiv (20g/100 mL), The
suspension 18 then loaded into a peristaltic pump, extruded through 8 15-pange needle at a
rate of 0.2 mL/min, and droplets of the suspension are received o a bath of calcium chlonde
{CaCly) for crosshinking (gelation). The crosslinked microbeads will then be collected and
washed twice with HBSS supplemented with 25 mM CaCly. There will be approeumately
1117107 mod of Acetylaaticyviic Acid inthe | mL of alginate.

Thus, in an embodinent the present invention relates to an oval delivery system for
medicines and other substances in humans and other antmals. The method 1s advantageous
that 1t provides: (1} protection of the encapsulated substance from destruction or degradation
by storaach acids and enzvimatic action in the stomach, (2} the elbmination of stomach upset,
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pausea, and vomiting cansed by certain medicings and other substances when they are
mtroduced into the stomach, €3) a resulting increase in the bicavailability of the substance
when it reaches the small intestine, where the contents of the micro-capsule are released into
the small intestine through the process of diffusion, or its contents are fully released when the
micro~-capsule breaks apart in the small intestine due to the PH differential between the
stomach and the small intestine, (4) a reduction in the dosage required, since the overall
bingvailability of the substance has been increased, (3} the ghility to control the rate of release
of the substance as it passes through the small intestine by adjusting the chemistry of the
aromaticicarbohydrate combination, thereby mcreasing or decreasing the sensitivity of the
aucro-capsale material to the PH differential, {6) the ability to completely hide or mask the
real taste or flavor of the medicine or substance in the micro-capsule for easier administration
of unpleasant or noxious tasting substances to humans and animals, (7) the sbility (o add the
micro~encapsulated substance to existing desirable foods or “treats.” so the medicine or other
substance can be consumed readily by humans or anintals undetected, snd {8) the abality to
suspend the micro-gncapsulated substance in hiquids for easier administration o humans
{particularly children) and certain animals.
Uses of the Invention
The present invention has a plurality of uses including the ability 1o deliver medicines,

drugs, chemicals, proteins, enzynes, probiotics, dietary supplements, and other bioactive
substances o hamans and animals, which can be used to freat, sndfor inhibit diseases,
parasites, and other conditions in humans and animals, eliminate oy reduce pain assoviated
with a wide variety ilinesses, diseases and conditions, and manttain the good health and well-
being of humans and animals, mcluding, bat not himited 1o, the following classes or
categories of medicines and other biosctive substances:

(3)  Oral agents including sulfonyiureas, insulin-sensitizers, and insuding

{by  Anticancer drugs and chemotherapeatic agents;

{c} Neuroleptics and antipsychotic drugs, tranquilhizers, antidepressants
and sedatives;

{c} Antibviotics and antimicrobials;

{e}  Antiepileptic and anticonvulsant drugs;

{H Newrotransmuiiers;

(g}  Anti-hypertensives such as beta blockers and ACE-miubitors; and

{hy Statins including Lipitor and Zocoy, smong others.

Pamn Medications
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The mvantion can be used (o eliminate o reducs pain and inflamnation by
admimstering ong or more of the following classes of paiy medications to humans and
animals without encountering certain negative side effects:

i Non-prescription pain medications, such as nonsteroidal anti-mflammatory
drugs, weluding, but not limited to, aspirin (acetyisalicvlic acid), tbaprofen, naproxen, and
any combinations thereof,

2. Prescription pain medications, such as nonsterotdal anti-inflanunatory drugs,
mcluding, but not limited to, fenoprofen, flurbiproden, ketoprofen, oxaprozin, diclofenac
sodium, stodolac, indomethacin, ketorolac, sulindac, tolmetin, meciofenamate, mefenamic
acid, nabumetone, piroxicam, and any combinations thereof.

3. Prescription pain medications, such as opiotd drugs, inchuding, but not Hmited
1o, codeing, fentanyl, hvdrocodone, hydrocodone with acetaminophen, hvdromorphons,
meperidine, methadone, morphine, oxycodone, tapentadol, oxymorphone, buprenorphine,
tramadol, oxycodone with acetaminophen, naloxone, and any combinations thereof.
Probiotics

The mvention can be used to deliver live probiotics and other beneficial micro-
organisms to hwmans and animals for their therapeutic benefits, such as:

1. Probiotic strains and other micro-organisms found i or beneficial to the
Ineman nucvobiome, mcluding, but sot mted to:

{a) Probiotic Strains of the Lactobacillus species of bacteriam, inchuding,
but not limited to, L. acidophilus, L. fermentum, L. plamtarom, L. rhamnosus, L. sabivarius,
L. paracasel, L. gasseri, L. brevis, L. bulgaricuy, L. caucasicus, L helveticus, L. lactis, L.
casel, and L. reutesi, and any combination thereof.

i) Probiotic Strains of the Bifidobacierivm species of bacterium,
including, but not Hmited (o, B, bifidum, B. longum, and B. infantis, and any combination
thereof.

{3 Probiotic strams of the Bacillus species of bacteriom, inclading, but
not tmited to, B. coagulans, and any combination therenf.

{d) Probiotic strains of the Streploccocus species of bacterium, includmg,
bai not Hmited to, 8. salivarigs K12, and S Salivarius M1&, and any combination therend.

{ey  Other probiotic strains of bacterive found in or beneficid o the
human microbiome, including, but not limited to, probiotic strains of bacterium used to {reat
or combat closiridiam difficile {c. diT), as well ag other intestinal diseases or conditions, and
any combination thereof.
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2. Probiotic strains of bacterinm found in oy beneficial 1o the microbiome of
other animals, including, but not liuted to, dogs, cats, hovses, cattle, sheep, pigs, chickens,
and inchudes any combination of those probiotic strains of bacteriam.

Dietary Supplemenis

The invention can be ased to deliver vifamins, minerals, micro-nuirents, and other
dietary supplements to bumans and ammals protected from oxidation and without certain
negative side effects, such as:

i, Dietary supplements, inchuding, but not limited to, omega-3 ity acids
{EPA/DHA), vitanmin D, vitanun Bi, B2, B3, BS, B6, B7, BO, BI12, B17, vitamin B complex,
alpha Bpoic acid, and Coenzyme (10, among others, and any combinations thereof.

Equme Dewormers

In an embodiment, the invention can be used (o deliver deworming medicines and
other bicactive substances to horses, sach as;

i. Medicines and other bicactive substances used to rent, prevent, inlubit, and/or
remove gastrointestinal parasites in horses, such as Strongyles (bloed or red wortas, inchuling
S.vualgaris, S, edentates, and S, equinus), Ascarids (roundworms), Tapewors, and Bots.
These medicines and other bioactive substances include, bat are not linted {o,
Benzimidazoles (including the generics Fenbendazole and Oxibendazole), Macrocyelic
{actones {including the generics Ivermeetin and Moxidecting, Tetrahvdroprinudines
(including the generics Pyrantel Pamoste and Pyrantel Tatrate), and Isquinoline-pyrozines
{including the generic Praziquantel}, and any contbinations thereof.

2. Medicines and other bivactive subsiances used to treat, prevent, andfor inhitai
other diseases and conditions in horses, reduce paimn and inflammation, and maintain thei

general health and well-being.

Fehine and Canmne Dewormers

In an embodiment, the invention can be wed o deliver deworming medicines and
other hicactive substances to dogs and cats, such as the dehivery oft

1. Muedicines and other bioactive substances used 1o wreat, inhibit, andfor remove
gastrointestinal parasites in cats, including, but not imtted to, Piperazing, Praziguanted,
Ivermectin, Selamectin, Imidachopnd, Moxidectin, and any combination thereof,

2. Medicines and other bloactive substances used to treat, inbabit, andior ramove
gastrointestinal parasites in dogs, including, but not limted to, Pyrantel pamoate,
Prariquaniel, Fenbendazole, vermectin, Milbemvein oxime, Selamectin, Imidacloprid,
Moxadectin, Spinosad, and any combination thereof,
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X

1 Madizines and cther bicactive subsiances usad o treat, prevent, anddor inhibii
other diseases and conditions in cats and dogy, reduce pain and wnflammation, and maintain
their general health and well-being.

Bewormers Used in Other Ammals

In an embodiment, the invention can be used io deliver deworming medicines to other
animals, such as:

1. Medicines and other bioactive substances used to treat, inhibit, andiéor remove
gastrointesting] parasites in other antmals, such as cattle, sheep, and pigs, including, but not
Hinited o, Fenbendazole, Ivermectin, Levamisole, Morantel tartrate, Thiabendazole,
Albhendarole, Oxfendarole, and any combination thereof

Tresting andfor Inlubinng Diseases and Conditions in Other Animals

In an embodiment, the invention can be used o deliver medicines and other binactive
substances to anmals such as;
i, Medicines and other bivactive substances nsed o remove parasites, freat, prevent,
and/or inhibit diseases and other conditions, reduce pain or milanumation, snd nwainiain their
general health and well-being.
Rodenticides

I an embodiment, the invention can be used to dehiver rodenticides (o rodents such
as:

i Chemicals, drugs, compounds, and other substances used o eliminate andior
control rodents or rodent populations, including, but not limited to, Warfarin,
Chlorphacinone, Diphacinone, Bromadiolong, Difethialone, Brodifucoum, Bromethalin,
Cholecaleiferol, Zine phosphide, Strvchnine, triptolide, 4-vinyloyclohexene diepoxide,
diterpenoid epoxides, ovotoxing, diterpenoid epoxides, and any combinations thereof,

H is conteraplated and therefore within the scope of the invention o include
reasonable modifications to the embodiments described above without departing from the
spirit and scope of the ipvention. For example, # is contemplated and therefore within the
scope of the invention that any one or morg feature(s) that is/ave described herein can be
combined with any other one or more compatible feature(s) iirespective of the fact that those
features may not be mentioned with the same product. Features that are disclosed above as
being part of a composition may be incorporated juto the methods of the present mvention
and, similarly. the method steps may be incorporated iinto the composition. When a tange is
given, # 13 conlemplated that any subrange that fits within the scope of that vange is
contemplated as a possible range of the present invention even if the one or move endpoints
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{which fit within the range) is not disclosed heretn.  Morgover, it is contemplated and
therefore within the scope of the wvention that when Markush groups or other Hstof
elements/substituents are given that any subset of those elements/substifuents can be used to
penerate a sub-group. In any event, the present nvention 15 10 be described by the below

claima.

33



16

15

20

25

WO 2018/004906 PCT/US2017/034748

We
i.

M

= olaim

A composition comprising a substance wherens said substance comprizes one or more (1}
drugs, medicines, enzyimes, proteins, hormones, vaceines, vitamims, minerals,
micropuitients and/or other distary supplements, (it) probictics andfor other
microorgamsms, {11} cells, cell parts, and/or other biological materials, andfor (1} other
bioactive compounds or substances,

in combination with g modified alginate, wherein said modified alginate comprises
an alginate backbone that has been modified by the addition of an aromatic compound
sgbstituent.
The composition of claim 1 wherein the aromatic substituent comprises one or more of @
dopantinic subsiituent, a phenolic substituent, a benzoic acid substituent, an antlinic
substifuent, a toluenic substituent, an amine sulfonamidic benzene substituent andfor
pxtures theveol
The composition of clsim 2. whergin the sromatic substituent is selected from the group
comsisting of ¢ 4(2-ethylaminoibenzoic acid substituent, a 4(2-ethvlaming jphenolic
sabstituent, a 4(2-ethvliaminoanilinic sebstituent, a para (2-ethylanunoioleenic (Le., (2-
cthylanuno)d-methylbenzene) substituent, a 4-anunomethy! benzene solfonanude
substituent, a 4-pminoethy! benzene sulfonande substituent, and mixiures thereof
The composition of claim 3, wherein the composition comprises one or more bivactive
substances encapsulated by the modified alginate.

The composition of claim 4, wherein the one or more bioactive substances

encapsulated by the modified alginate further comprise one or more of

{a} sulfonylureas, insulin-sensitizers, or msuling
(b}  Antcancer drags or chemotherapenlic agents;

{¢y  Newroleptics, antipsychotic drugs, tranguillizers, antidepressants or

sedatives;

{d3 Antibiotics or antinyicrobials;

{e}  Antiepileptic or anticonvulsant drugs;
) Neurotransmitters;

{2} Anti-hypertensives;

{h} Statins;

{1} Non-prescription pain medications; or combinations thereof]
) Prescription pain medications selected from the group consisting of

fenoprofen, Purbiprofen, ketoprofen, oxaprozin, diclofenac sodiam, etodolac, indomethacin,
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ketorolae, sulindac, tolnvetin, meclofenamate, melenamic acid, nabumetone, piroxicam, or
combinations theveof)

(k)  Prescription pain medications selecied from the group consisting of
codeine, fentanyl, bydrocodone, hydrocodone with scetaminophen, bydromorphone,
meperidine, methadone, morphine, oxycodone, tapentadol, oxymorphone, buprenorphine,
travnadol, oxycodone with acetaminophen, naloxone, and/or combinations thereof;

{H Probiotic strains of Laciobactiiuy species of bacterium selected from
the group consisting of Laciehacillius acidophilus, Laciobacillus fermenium, Lactohacilius
plantarom, Lactobaciilus rhamnosus, Lactobactlfuy salivarius, Lactobaciiius pavacased,
Lactohaciiiny gasserd, Lactobacillus brevis, Lactobacillus bulgaricus, Lactobaciluy
cancasicus, Lactobactlius helveticus, Lactobacillus tactis, Lociebaciilus casel, and
Lactohacilius rewteri, and any combination thereof]

{m)  Probiotic strains of Rifidnbacterium species selected from the group
consisting of Bifidobacterium bifidum, Bifidobocterium longum, Bifidohacterium infantis,
and combinations thergof]

{n) Probiotic sixains of Bacillus coagulans;

{0}  Probiotic sirains of Mreprococeny species of bacteriumselected from
the group consisting ol Strepiococcus safivariug K12, and Strepiococeus Salivarius M1E, and
combinations thereof,

{p).  Vitamins, minerals, nucro-matrients, and dietary supplements selected
from: the group consisting of omega-3 fatty acids (EPA/DHA), vitamin D, vitamin B, B2,
B3, BS, Be, B7, B9, Bi2, B17, vitamin B complex, alpha lipoic acid, and Coenzyvime Q10,
and combinations thereof]

() Medicines and bioactive substances used 10 treat Srongyvles, Ascands,
Tapeworms, and Bots in horses, wherein said medicines and bioactive substances are selected
from the group consisting of Benzimidazoles selected from the group consisting of
Fenbendazole and Oxsbendazole, Macvocyelic Lactones selected from the group consasting of
Ivermectin and Moxidectin, Tetrshydropurinudines selected from the group consisting of
Pyrantel Pamoate and Pyrantel Tatrate, and Isquinoline-pyrozines, and combinations thereot]

) Medicines and bivactive substances used to treat other diseases or
conditions in horses, reduce pain and infammation, snd maintain theyr general health and

well-being;
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{s} Medicings and bipactive substances used ¢ treat gastrointestinal
pavasites i cals selected from the group consisting ofPiperaxine, Praziguantel, Ivermectin,
Selamectin, Imdacloprid, Moxidectin, and combinations thereof;

{1} Medicines and bioactive substances used to treat gastrointestinal
parasites m dogs selscted from the group consisting of Pyrantel pamoate, Prazigaantel,
Fenbendazole, Ivermectin, Milbemyon oxame, Selamectin, Inndacloprid, Moxidectin,
Spinosad, and combinations thereof;

{u)  Medicines and bioactive substanves used o treat other diseases and
condiions in cats and dogs, reduce pain and inflanunation, and mamtany their general health
and well-being;

(v}  Medicines and Moactive substances used to treat gastrotntestinal
parasites in other animals, selected from the group consisting of Fenbendarzole, Ivermectin,
Levamisole, Morantel tarirate, Thiabendazole, Albendarole, Oxfendarole, and combinations
thereof

{w)  Chemicals, drags, compounds, and other substances used to control
rodents or rodent populations, selected from the group consisting of Warfann,
Chlorphacinone, Diphacinone, Bromadiolone, Difethialone, Brodifacoum, Bromethalin,
Cholecaleiferol, Zine phosphide, Strychmine, triptolide, 4-vinvievelohexene diepoxide,
diterpenoid epoxides, ovotoxing, diterpenoid epoxides, and combinations thereof.

6. The composition of claim 1, wherein the modified alginate is stable wnder aaidic

conditions but is labile ander basic conditions.

3

The composition of claim 6, wherein the modified alginate is stable at a pH of

between about 1.5 {0 3.5 but is labile when the pH ncreases to a level above 7.

8. The composition of claim 1, wherein the aromatic substitnent s dopamine or H{2-
ethylamino henroic acid and an amount of dopamine or 4(2-ethylammobenzoic acid
present in the modified alginate is between about 3% and 15% by weight dopanyine or
4 2-ethyvlammo)benzoic acid.

9. A method of making protemns, micronutnients, divkry supplorments andfor probiotics

more bipavailable to an individual in need of said proteins, pucromstrients, distary

supplements and/or probiotics by administering to sald individual said dietary
supploments andfor probiotics encapsulated in a ywodified alginate, satd modified

alginate being modified by the incorporation of covalently linked dopamine, 4(2-

ethyvlaminoYhenzowe acid, 4-aminomethyl benzene sulfonamide sebstituents, or 4-

aminoethyl benzene solfonanude substituents.
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2.

The method of claim 9, wherein an srount of dopaming, H2-ethylamingbenzoic
acid, $~aminomethy! benzene sulfonamide, or 4-aminoethy! benzene sulfonamide
present in the modified alginate s between about 5% and 15% by weight dopamine.
The method of clainn 10, wherein the amount of dopamine, 4(2-ethvlamino}henzoic
actd, 4-aminomethyl benzene sulfonamide, or 4-aminoethyl benzene sulfonamide

present in the modified alginate is between about 8% and 15% by weight dopamine.

. The method of claim 11, wherein the modified alginate 15 stable at a pH of around

about 3 to § and labile at a pH of above 7,

. A method of preparing an avomatic alginaite, said method comprising reacting an

alginate with an aromatic sabstitaent, said aromatic substituent comprising one of
more of a dopanunic substituent, a 4(2-ethylamino)phenolic substituent, a 4{2-
ethylamino thenrzoie acid substituent, a 4(2-ethylaminoianilinic subsiituent, a 4(2-
ethylaminooluenic substituent, a 4-aminomethy! benzene sulfonamide, a 4+

aminoethyl benzene salfonantide or mixtures thereof,

. The method of claim 13, wherein said method incorporates a dopaminic substilnent

by reacting alginate with said dopaminic subsiituent in the presence of ong or move of

N-Hydroxysaccinimide (NHS) and 1-Ethvl-3-G~dimethylaminopropylcarbodimmide.

. A method of delivering a protein, micronutrient, dietary supplement or probiotic (o an

mdividual i need thereof, said method comprising adminisiering to said individual a
composition that comprises 8 modified carbohydrate, smd modified carbohydrate
comprising & modified alginate, that has been modified by an aromatic substitute, said
aromatic substituent comprising one or more of a dopaminic substituent, a phenolic
subsiitaent, a benzoic acid substituent, an anilinic sabstituent, an aminoe sulfonamide
benzene substituent or mixiures thereof

The method of claim 15, wherein the protein, micronutrient, dietary supplement or

probiotic is encapsulated by the modified carbohydvate.

. The method of claim 16, wherein the modified carbohydrate is modified algmate.

X, The method of claim 17, wherein the modified slginate is modified by covalent

addition of dopaminic substituenis,

. The method of claum 1X, wherein the modified alginate coutains dopamime

substitaents i avw amoant of about 5 to shout 15% by weight dopamine.
The method of claim 18, wherein the modified alginate is stable at s pH of about 3 to

3
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