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Additionally, protease inhibitors can be used to retard the action of enzymes present in
the GI system which could degrade orally administered proteins. The other problemis
the slow transport of intact large peptides, across the lining of the intestine into the
blood stream. Researchers have attempted to bypass this hurdle with the addition of

20  absorption enhancers which aid the transport of macromolecules across boundaries.
However, currently available delivery vehicles suffer from a lack of effectiveness.
According_ly, an oral delivery system is desired that is effective and can be prepared at

relatively low cost.

25  Summary of the Invention
The present invention is directed to a composition comprising a

hydrogel matrix carrier and a bioactive compound, and the use of that composition to
deliver the compound in an active form to the intestines. One preferred hydrogel
matrix comprises a copolymer network of poly(methacrylic acid-g-ethylene glycol)

30  crosslinked with tetraethylene glycol dimethacrylate, “P(MAA-g-EG) hydrogels”, that
exhibit pH dependent swelling behavior due to the presence of acidic pendant groups

and the formation of interpolymer complexes between the etheric groups on the graft
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Fig. 5a Pulsatile release of theophyllin in-vitro from P(MAA-g-EG)
hydrogels at 37°C.

20 Fig. 5b Pulsatile release of vancomycin in-vitro from P(MAA-g-EG)
hydrogels at 37°C.

Fig. S5c Pulsatile release of insulin in-vitro from P(MMAA-g-EG)
hydrogels af 37°C.

Fig. 6 Adhesive behavior of PQMAA-g-EG) hydrogels containing a 1:1

25 MAA/EG ratio and graft PEG chains of molecular weight 1000 at pH values of 3.2
and 7.4 in contact with bovine submaxillary gland mucin.

Fig. 7 Blood glucose concentration in rats after oral administration of
insulin loaded POMAA-g-EG) hydrogels at 25 U/kg (o) and 50 U/kg (®) and 50 U’/kg
insulin solution (®) (N = 5).

30 Fig. 8 Blood glucose concentration in rats after oral administration of
insulin loaded P(MAA-g-EG) hydrogels at (25 U/kg dose) without aprotinin (0) and
with aprotinin (®) and 50 U/kg insulin solution (@) (N = 5).



i nsul in, Ioaded P(MAA-g- EG hydrogel s at 25 Ukg (o) and 50 U kg ([err]) and
50 U kg w09/115?5§§” in solution ([err]) (N=5). 30 pCT/USY8/06563 9- 8
Bl ood gl ucose concentration in rats after oral adm nistration o’P

insulin | oaded P(MAA-g-EG hydrogels at (25 U kg dose) w thout aprotinin
(o) and with aprotinin ([err]) and 50 U kg insulin solution ([err])
(N =-5)..

Fig. 9 Blood glucose rd9Bohddopesiieass FryPquss in ﬁalt}%(ﬁ.?ﬂiagsé*’?bcet'fogb)n’é'ﬁlg -
Wstar rats Wi’fsf'ai ritf GREr b o?éi %&irﬁétfa%ianﬂP{Mﬂ ?ﬂ&é.@%@ﬂﬁg (25

| U kg body weight insulin doses) using gel at| n" capsul e :
Fi g. 10 Bl oobody weight insubipdosss) usingigelatin capsulgs.e rats after oral

admi ni stration of P( MMF:% E@Blooggf\)zcggeerreggon %?'bclil%éggpﬁs\a’at\éﬁﬁgm@ug ng

Eudr agi t capsul es. response
o e SIAh FEEALRROS Hicrophere OTTONSS Sty FBERD) R
capsul es. 10 capsules. F| g. 12 Bl ood gl ucose response i n d| abet e
LUk body el gnt i nsul T Bhabiaed chs”e%fm%“”“%%etﬁ%eé”a&a‘fé e the

Cnvent s on | & PR of MARKERCMicfcapheres (101K body well 1 g??ghs;

active prot esmggelitinapsuleseut | cal s to vertebrates via oral administration.

The term bi oactive conpound as used herein refers to y conpound that has
an ef f ecd0 on | i vikg 8&|Bleo Sbﬁc%&mfﬁeéﬁé‘é‘?ﬁtﬁ&ﬁt(ﬁét‘(@ AeRlces a

or a1y acin nearEkrdbbEIMAAREC) microSRAETOTONN b ERRTRORIRRG 17,

and a | abi | e ysingtgelatincapsudésned wi t hin the svvel | abl e hydr ogel matrix.

A |l abile protein as used herein includes any protein whose biol ogi cal
activity is destroyed or dim ni shed by exposure to | ow pH or exposure
to enzynmes pr [ ive tract of warm bl ooded speci es.
Hydr ogel s areli%iv% b&" ]%%?%the%l?%’;ﬁra#l nked polynmer matrices that are 25

wel | knows to those of 'thpﬂ&&fny iBi¢htion Isrditebrdas compesitiohforee

Dresback, U. S. Pat ent No. 4,220,152, issued Septenber 2, 1980 t he
di scl osur e ofbiqlipgically actvg prateias 9nd pharmaceuticals to vertebrates via oral administration.

=)

The term bioactive compound as used herein refers to any compound that has an effect
on living cells, for example a compound that induces a biochemical effect in a cell. In
accordance with one embodiment the orally administered composition comprises a

20  swellable hydrogel matrix, and a labile protein contained within the swellable hydrogel
matrix. A labile protein as used herein includes any protein whose biological activity is
destroyed or diminished by exposure to low pH or exposure to enzymes present in the
digestive tract of warm blooded species.

Hydrogels are water swellable, cross-linked polymer matrices that are

25  well known to those of ordinary skill in the art. See, for example, Dresback, U.S.
Patent No. 4,220,152, issued September 2, 1980, the disclosure of which is expressly
incorporated herein by reference. Hydrogels have been found to be an effective
delivery vehicle for orally delivering proteins to vertebrate species. The swellable
properties of hydrogels can be utilized, first to protect the hydrogel contents from the

30  harsh environments of the stomach as the composition passes through the digestive
tract, and then to release the hydrogel contents into the more favorable regions of the

GI tract, specifically the lower regions of the intestine. The hydrogel compositions of



i ncorporated herein by reference. Hydrogel s have been found to be an
effettive delivery vehicle for orally delivering proteins to

vert ebr at WOEHFBPEs. The swel | abl e properties of hydr oBET/ASWAESEGe -
utilized, first to protect the hydrogel contents fromthe 30 har sh
environments of the stomach as the conposi-ti on passes through the digestive
tract, and then to release the hydrogel contents into the nore favorable
regi ons of tthe present in@ntiondave begndoinfid toapdsy thrbegh thestomaehivwittouo subisteatial

i ntestine. The lydrogel conpositjons of ... .

- el oo dbianasd Rdbe ShalLinesting Miee ey SvEhAMgh ¢ he
stomach wit h&&oﬁﬂ?ﬁﬂﬁf&ia@étheir conteste! | i ng and becone | ocalized in the
smal | intestine, where they swell and . conconmtantly rel ease their
contents. Hydrogels cahipd impreignated pr lnadedvpith gnatiety afibidastived wi t h

a variety of bioactiwe cormpaunds,. i ncl udi ut_not . limted to.

Phar mmoest | CHTUPOLSvBFM AR RFER L(edsp pbarmiscentbafy Brath BOFEORGH VARG,

st eroi ds andegplsititis, vitding) SRF0IAS amd PEPtidEe aid WSeH 45! £ddliQéryVedicle/for orally
adm ni stering such bioactive conmpounds.” Conmpounds | oaded i'nto the hydiogel

are r chdraigistering sacl bioactivel cotporndse rCerspaunds toaded ingd thedeydnegel hgedr at ed
within the animal,s digestive system .|l n one.engbodj nent,. the pyesent
Py ogel o TIGESRL & captiolFy BERaRrS 16 ydERkel besadres Saara0 WOnD: s FEERIN | c
acid, and thg Qéliv?é"ggitbﬁPVIMbhEeﬁBbdinﬁﬁL rosédf Rydrogel malfiRid iR pHliktizedn 0N C
| ong chain polgyrrer uch as polyethylene ycol . %PE%;).

Th;a ) hyd rllﬁgel fqngiddoapm‘is?drll of polgmﬁmbiyy? sgid} a‘rdsthtr pdzppthyﬁq?ciﬂmb@ers areI -

met hacrylic acid, i. e presence of a crosslinki agent . crosslinking
ngent can  SranehwilonE1ong Qrnpalyer ik Ao PSS IERCEBHIFEDe
crosslinking agents knewa hkgrgggpp%ﬁeéiée E&férhﬁ? g}d’t‘hésﬂ%d ﬁgtpoly'ﬂféﬂiﬂigng

tetraet hyl ene gl ycol dinet yl'ate, ethyl ene” di net hacr Il at’e,
di et hyl ene dinethaboylic atid] i the preservelof acrokishmitinnagent. aThe crosslinkinglagkntroan

di et hacryl aj e ent aet hyl ene, di met hacryl at.e, .t he correspondjn

i aor yi at os. Doelepted BpRayiiryatiety of biocompAREP K HINEARFPRKIOVAIP HIORe. or
nmet hyl e bi g I ] W RH ] [ 1k 4t ' a
(oot acql G ATLATAMANP R EAIKE e difiBthacrylate, eflee diditthoryigls]
per oxi des or dbthylmudidbaethamhteauiﬂthylmqﬁmeﬂmqwlm detedethyleng dimethaerylate, .

I nbodi t. t.h d ' ] - pol f
T O T T MM N R 0T O
Tonoacr y! at edomprising fASK Wrilish Br fnchiyRERERGH LRI @83bd. BAIedfiBhS

"Pol y(al kyl ene gl ycol ) nononet hacryl ate” as” used herein includes
pol y( et hyl enis igitigtedIvithhe freersadicat injtiatomsuch 3s thepoalyititiatopy/ineludingl orgaiiy

g 2 8 x% g ; ﬂ’%%"gld%g\ﬁéﬁg ﬁ‘%%té‘r%@?% Wgﬁﬁg@gé %‘&9’8@{‘ nononet hacryl ate

is the In one embodiment the hydrogel matrix comprises a co-polymer of
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methacrylic acid and a poly(alkylene glycol) monomethacrylate (or monoacrylate)
crosslinked with a biocompatible crosslinkihg agents. "Poly(alkylene glycol)
monomethacrylate” as used herein includes poly(ethylene glycol) monomethacrylate,
25  poly(propylene glycol) monomethacrylate and poly(ethylene/propylene glycol)
monomethacrylate, wherein poly(ethylene/propylene glycol) monomethacrylate is the
polymer formed by hydroxy functional methacrylate initiated polymerization of a
mixture of ethylene oxide and propylene oxide. The resulting pendant poly(alkylene
glycol) groups have a molecular weight ranging from about 200 to about 4000, more
30 typically about 200 to about 2000, and in one embodiment about 200 to about 1200.
The molar ratio of methacrylic acid and poly(alkylene glycol) monomethacrylate (or

monoacrylate) monomers is about 4:1 to about 1:4.
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20 techniques known to those skilled in the art. In one embodiment the hydrogel particles
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are packaged in a gelatin capsule.

In accordance with one embodiment the hydrogels are loaded with
bioactive compounds by equilibrium portioning. More particularly, the hydrogels are
hydrated in a solution having a pH>5.8 and containing the composition to be loaded.

25  The hydrogels are then recovered and washed with a solution having a2 pH of < 5.8 and
the loaded hydrogels are then dried and stored at 4°C. Another method of loading the
hydrogels of the present invention comprises the steps of adding an aqueous solution
of the desired compound to a solution of monomers and a cross-linker, and initiating
poiymerization of the mixture.

30 The ability of a compound to diffuse through a crosslinked polymer
network is dependent on the deg;ee to which the gel swells and the size of compound.

As a hydrogel swells, the polymer chains between crosslink points are elongated and
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backbone chains extended resulting in a significant decrease in the equilibrium polymer
volume fraction in the gel. The highly swollen, non-complexed hydrogels contained
less than 5% polymer as more water was incorporated into the structure.
Because of the complexation/decomplexation phenomena in the
25 = P(MAA:g-EG) gels, the mesh size of the networks will vary significantly over the pH
range of interest. Additionally, the moduli of the hydrogels for small deformations
(less than 10%) were obtained in solutions of differing pH. Using these data, the mesh
sizes were calculated as a function of pH by determining the end-to-end distance of the
polymer chains between the crosslinks, both covalent and physical. The average
30  network mesh size or correlation length was dramatically affected by the pH of the
swelling solution (Fig. 3). In low pH solutions in which complexation will occur, the

network mesh sizes for POMAA-g-EG) hydrogels were as low as 70 A. However, as
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network in tvvo hours. However, due'to its srraller Si ze, al nost 30% of

We pr ﬁxyﬁhélwﬁtlghi 1385 andidgasibA), drﬁﬂﬂ?hmp@ﬁbd and norecemplexed hysirpgsls was
H= 7.4
[ ntegrfzhgl ny rgﬂﬁe%gy‘dg @nggé te f\tgm?%f} 8@%@5&%@?3@@5‘%\3@ h&éﬁ%m zation

of the pepdardoniptésédIamiihe traaEport éBdragaiignifidahiy hindére@e Lessthah 16% éftha
| arge degree all'owing for substantial "diffusion of vitam n B[err] and
pr oxyphyl | i nevitammrBdiffpesdyons of the network in two hours. However, due to its smaller size,

almost 30% of the proxyphylline was released from the gel in the same time period.
When the hydrogels were contacted with a solution of pH = 7.4, the interchain
complexes of the hydrogel disassociated due to ionization of the pendant acid groups.
25  Asaresult, the hydrogels swelled to a large degree allowing for substantial diffusion of
vitamin B,, and proxyphylline from the polymers.
~ The release data were fit to the short time approximation for the
solution of the classical Fickian expression for planar systems and the diffusion
coeﬁiéients were calculated for the diffusion of proxyphylline and vitamin B,, through
30 complexed and non-complexed POMAA-g-EG) hydrogels (Table 1). The transport of
the larger molecular weight solute, vitamin B,,, was more significantly affected by

complexation than proxyphylline due to the increased ratio of solute diameter to the
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non-conplgxed hydrogel s rel ative to the conpl exed hydrogels. 5 - Tabl e

1. Diffusfon coefficients for prox¥phyl line and vitanmin B[err] in conplexed
and " nonTabipl e Rilusg Hine and vitamindgy, in eomplexed andH
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6.75 15 Lo further i stigate t bility of MAA- g- EG)
hydr ogel ;0 to proxyphq(lhﬁ%t | gr#)as or al deﬁlgery vehi cpg)éaf or vita ‘ﬁ%

phar maceuti ca er oactive conpoundg,gpbhe pul satyg rel ease
of various colr?%oﬁﬁggﬁl\t‘/\gs et erm ned un%zl944 Si ?ru?gt ed gast ro%sﬁt esti nal

conditions. | mtym{nr]g rel egse exper| menegwer e perf graed WSO 163
t heophyl | i ne (M/\#180 2) vanconyci n (MM1485.7) and insulin MM5733.2). 20

See Exanpl e 1vitemmBgf thd.4onpounds wk.4 oaded i nOB8P( MAA- g- EG7Hydr ogel s
by equi libriumpartitioning and then the | oaded hydrogel s were soaked

in 200 mysof pH = To further investigate the ability of P(MAA-g-EG) hydrogels to

function as oral delivery vehicles for vitamins, pharmaceuticals and other bioactive
'compounds, the pulsatile release of various compounds was determined undér
simulated gastrointestinal conditions. /n vitro release experiments were performed
ﬁsing theophylline (MW=180.2) vancomycin (MW=1485.7) and insulin (MW=5733.2).

20 See Example 1. Each of the compounds was loaded into P(MAA-g-EG) hydrogels by
equilibrium partitioning and then the loaded hydrogels were soaked in 200 ml of pH =
1.2, simulated gastric fluid for 2 hours. The polymer microparticles were then
transferred to pH = 6.8 phosphate buffer solutions. The insulin concentration released
into the surrounding solution was monitored using HPLC and the results for

25  theophylline, vancomycin and insulin are shown in Fig. 5a-5c respectively.

Release of the compounds from the hydrogel matrix is reduced in the
acidic solution (see Fig. 2, first two hours of exposure). However, a rapid release of
the compdund is observed in the pH 6.8 buffer solution. This trend became more
pronounced as the drug molecular weight increased. For example the P(IMAA-g-EG)

30  hydrogels are effective delivery vehicles for insulin (MW = 5733.2): Less than 10% of
the insulin was released from the polymer in thé simulated gastric fluid (pH - 1.3)
during the first phase of the experiment. However, after the particles were placed in
pH = 7.4 buffer solution, the hydrogels swelled rapidly allowing for a rapid release of

|



1.2, simulated gastric fluid for 2 hours. The polyner nmicroparticles were -

then' wdgﬁ,&gfserred to pH = 6.8 phosphate buffer sol uti oy déRssEsul i n
concentration released into the surrounding solution was nonitored
using HPLC and the results for 25 theophylline, vanconycin and insulin are
shown in Fig. 5a-5c respectively. Rel ease of the

ds f th .0 | i
Comn R o MRl SRS iiRald dhat he W Eaib e 1M AA2 B85 afd et | O7
t he conpou nddév%ldph‘%ﬂt WE6ral mshlﬂtedeﬂivle@ Kstenf. f &% usedl hetréinthe Bmdnduliadsgl becane

nor e pronounced as the drug nol ecul ar wei ght increased. For exanple -
the P(MAA-g- Ecsnds@)to inglnde pyeified au@a%ncbmlma@waﬂ evlin aewel pededtvativehis ul i n

MV = 5733. 2
pol yrer i ¢ Werfrsieh S gt hifivo apg recohbfiahf i be 135ih, SRSy ¢f BOMERE,
phase of 3 hesatpspfinsitinor inselivedetivatiods. er the particles were pl aced |n

pH = 7.4 buffer solution, the hydro els_swelled rapidly all ow ng f a

rapi d rel ease of Additionally, P -g-EG) hydrogels exhibit strong mucoadheswe -9-
insulin. These r i t QEfﬁ t Ergn l\(ﬁ@ re
useful for o acgg ’Icgs}“regci fid p?%s?eg ?é@g N Plf@%?lu}‘ Cﬂ’ a%gch?s wgr ein

the termi nSF}dnﬁbtbx% Furthetxmzemednddaaamwe@haﬂmritmwbﬂk(magm@n| mal
natural insulin as well as derivatives thereof, such as insulin lispro

and reconbi nhydrogds isssteomglyrdependent an gherpRoofghe ewxmrmﬁnt@ fluid SeeFigi6)i nsul i n

or insul

hydr ogel isd1 ﬁ' ﬁhegiolnst}%wgﬁ?ctgggﬁl nldvttla‘e mucouscﬁés%ﬁf%cégﬁ eatepé%/‘:éfcﬂn&h@
presence of Likfildingfthe thtédmIGIR (P = 74) flative ty Conditionl Eimuliting the stBimadwt er s.
Furt hernore, the mucoadhesive characteristics of P(MAA-g-EQ hydr ogel s
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(i.e. in the intestine) after oral
administration to a vertebrate.

The differences in the adhesive characteristics of the hydrogels at
different pH values are due to mobility of the PEG chains in each material. Inthe
highly swollen, non-complexed state, the hendant PEG chains are free and readily

25  penetrated the mucosa to serve as anchors for adhesion. In the complexed state, the
pendant PEG chains in the P(MAA-g-EG) form complexes with the backbone chains
and are unavailable for interactions with mucosal surfaces.

In accordance with the present invention the hydrogel compositions can
be utilized to administer a therapeutically effective amount of a protein to a vertebrate.

.30 The method comprises the step of orally administering to a vertebrate, a composition
comprising the protein contained within a hydrogel carrier. The composition contained

within the hydrogel matrix may further comprise protease inhibitors, pharmaceutically



administration to a vertebrate. The differences in the
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due to nobWOidBM3EHS t he PEG chains in each material. In the PCT/USYSIghd3y -
swol | en, non-conpl exed state, the pendant PEG chains are free and readily
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crosslinked copol.yners. of _nol y(net hactyl i i d) and poly(ethylene glyco
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strongly influenced by p us favoring 20 esion to | st
sur f aces overmutmadhesivepmpedties bf thethydeagels id\sitoriglyinfhenced blyeH thus favoring

20  adhesion to intestinal surfaces over the surface of the stomach. Additionally, the

presence of the pendant PEG polymers serve as peptide stabilizers and help maintain
the biological activity of bioactive compounds such as insulin.
The inter-chain complex formation in the hydrogel copolymers is
sensitive to the nature and pH of the surrounding fluid as well as the copolymer
25  composition and graft chain length. In the acidic environment of the stomach, the
hydrogels are in the complexed state due to the formation of interpolymer complexes
stabilized by hydrogen bonding between the carboxylic acid protons and the etheric
groups on the grafted chains. In these conditions compounds having a molecular
weight size of at least 1000 (insulin, for example) cannot readily diffuse through the
30 membrane because of the small pore size, £, and thus these compounds are protected
from the harsh environment of the stomach. As the particles pass through the stomach

and into the intestine, the environmental pH increases above the transition pH of the
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Drug incorporation experiments were performed using theophylline

20 (MW 180.2), vancomycin (MW 1485.7) and insulin (MW 5733.2). Each drug was
dissolved in a pH 7.4 phosphate buffer solution and P(MAA-g-EG) hydrogels were
added to the drug solution to load the hydrogels by equilibrium partitioning. The
hydrogel matrix was then contacted with an acid solution to induce the formation of
interpolymer complexes, and thus reduce the pore size of the hydrogel matrix. The

25  hydrogel microspheres were then collected by filtration, and dried under vacuum.
Incorporation efficiencies were calculated from the residual drug amount of the
concentrations of the initial solutions and the filtrate obtained from the washings of the
isolated hydrogels, as determined from HPLC analysis.

| Drug release experiments were performed following the Japanese

30 pharmacopoeia (JP) paddle method. The compositions were stirred with a paddle at

100 rpm and 37° C in-a first (pH 1.2) and a second (pH 6.8) fluid of JP. After 2 hours

of treatment with the first fluid, the polymer samples were collected by filtration and
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particl g wey, inpH=7.4 buffer solution, the hydr ogel s
swel | ed(frapi 3&%?’?‘%‘%9 for a rapid release of insulin. These results
i ndi cate - that the graft copolynmers P(MAA-g-EG are useful for
devel opment _of oral insulin 15 delivery system Exampl e 2

In vitro MudeamRle2on st udies
. Invitro Mucoadhesion Studies

P(MAA-g-EG) hydrogels were prepared in thin films by a solution
20 pdlymerization technique. The hydrogels were swollen to equilibrium in DMGA
buffered saline solutions of pH = 3.2 and 7.4. The swollen hydrogels were cut into
disks with diameters of 20 cm and placed in a tensile tester at 25° C and 90% RH. -
The polymer samples were adhered to the upper holder of the tester using cyanacrylate
medical adhesive, whereas a sample of gelled bovine submaxillary mucin was affixed
25  on the lower jaws using the adhesive. The two jaws were brought together for 15 min
and then separated at 1 mm/min. The detachment force was measured as a function of
displacement. The work of fracture, equivalent to the work of bioadhesion was
calculated as the area under the curve.
P(MAA-g-EG) hydrogels function well as oral insulin devices because
30 they are able retard the action of protease inhibitors and al_so because they adhere to
the mucosa of the intestinal wall, allowing for intimate contact and thus aiding in

absorption of the drug.
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protease inhibitors and al so because they adhere to t he nmucosa of the

i ntestinal whidlogieal iagtivifiof the insulin was mairgsined-for oiver | howr ia the Prgsenge of
absorption of th yﬁc enzymes Wi ﬁO?'R%“”ﬁsW}’e'H“é‘é}H’t %Idhslscﬁlbre%m i eétufal ﬂuld pI aced

- 13- proteo
in intesti nahdlbgba activity 1s&£§ﬁdlbﬂ6§t0!?m%d})ﬂgy ragélslkerveld pmtmmmsdunn to
be rel eased. Insulin containin -0- EG)

m croparticles were
swol | en for byrbmwngam@pmatpéhmmzed éambat gmxps whlchgo hapm; retesdsethe aetiamof
transferred into jptestinal fluid. The proteolysis of the insulinin the 5
I ntestin f PIRtEe fJ(ﬁge’ﬁ@'ﬁ]i“‘tst)red using an insulin ELA kit. Geater than 50%
of the bi ol ogi cal Asditivhdlly, PMARE BB HydFogtsextiitthatdaghlesiy over 1
hour in the presence_ of proteol trc enz | n conparison, when
insulin is dichsrettedstigsruerto dha prmncc Dﬁthﬁ grgﬂ‘q%‘EG chainsj whiely sers¢ a%t%dheslptly | s

rapidly | ost. P = erv sul |

b Pt g oo c PEAROISTS: PER PR eRE SupaRott ol AR s ERD ARl drere (o
action of 10 stroﬂél?tdﬁﬁéﬁﬂehﬁoﬁf}?eYﬁﬁsof the environmental fluid (Fig. 6)./Th¢ iﬂe@ﬂﬁﬂér)the
P(MAA-g- EG hydrogel s exhi bit nucoadhesi ve characteristics due to the

presenceldf ichevegofiFig. Bisequivalens tothecadhesive foraebetsieen thergel and thepmunesa.clns.

The nucoadhesi ve..char.ac a h el,s ner e

strongly depé:ﬂﬂéﬂfmgbﬂ mﬁlﬁ‘%‘l"%@ts ’éal@m Jgﬁ) the X&f ?’& bepyen B? geland the o
under the 15 m&éﬁy%s@fgnmcanﬂ,ﬁgﬂeﬁteﬁ%mbento i@lytdampamlmoaaﬁeaﬁebet ween
the gel and the nucosa. conditions sinulating the intestinal pH

(pH = 7. 4) thaMSﬂl@meb@ hedsageln dheyworlapfiadhgsion was nopmalized te\aecount for

charact or 1 st KhPEPmE g HRRE Lo T A PRl Vo OBBREH Mfr ey 1

account HOr orders of magnitude greater for hydrogels in the non-complexed state relative to

complexed hydrogels. Accordingly, the hydrogels adhere to the mucosa of the
intestine to a much greater extent than the stomach. Therefore, the residence time of

insulin carriers is much greater in regions where the insulin could be absorbed.

25 Table 2. Work of adhesion for P(MAA-g-EG) hydrogels containing a 1:1 MAA/EG
ratio and graft PEG chains for molecular weight 1000.

pH Work of Adhesion | Polymer Volume | Normalized Work

wW*10°(0) Fraction, O,,, of Adhesion
W/ (Obs)m‘ : l 06 (J)
32 5.38 0.693 62.1

30 7.4 9.34 1 0.049 . 6720




t he poI ynmer gel fraction (See Table 2). The normalized work of adhesion was
two-' 20 * orders of magnitude greater for hydrogels in the non-conpl exed
state rel ¥QWHAFH conpl exed hydrogel s. Accordingly, tRETARIBOEHEES -
adhere to the nmucosa of the intestine to a nmuch greater extent than
the stomach. Therefore, the residence ti+hd-of insulin carriers is
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state, "the graft PEG chains were free and readily pen ed the
mucosa to serve as anchors for adhesion. In the conplexed state, the 5
graft PEG Chﬁl nspke?the P( MAA- g- EG forned conpl exes with the backbone

chai ns- e unable to penetrate the gel/nucosa interface and form
t enporary a”WO&AdmxmstratnonFéﬁHBhﬁt§Rats In vivo Adm nistration of

Insulin to Rats he graft copol yners were prepared by
free radlal sol ut i on The graﬂ)mgaiﬁnerza\ter@prepareddiylfaasrrydlcal sodittbnand

Finsed 1 or TPONpEPoRa AT A i oty lens gGAD eeromethacrgioo A anc
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monomer and uncrosslinked oligomer chains. The hydrogels were dried under vacuum

and ground into powders; The powders were filtered to obtain particles with

15  diameters of 100 - 150 prﬁ. Crystalline porcine insulin (26.9 U/mg) was loaded by
equilibrium partitioning. The drug loaded particles were filtered and washed to
remove surface drug and dried under vacuum.

Male Wistar rats (200 g) were fasted for 24 hours. The rats were
restrained in the supine position and administered insulin loaded polymer

20 microparticles using a gelatin capsule, which dissolves instantly in the stomach. Serum
glucose was monitored by collecting 0.2 m! aliquot blood samples from the :iugular
vein prior to the experiment and at 0.25, 0.5, 1, 2, 4, 6 and 8 hours after dosing.
Serum was separated by centrifugation at 3000 rpm for 3 minutes and frozen until
analysis. The serum insulin levels were determined by enzyme immunoassay using an

25  insulin EIA kit. The serum glucose levels were determined by the glucose oxidase
method using a glucose B-Test kit.

Fig. 7 summarizes the blood glucose response of rats receiving insulin
doses contained in P(MAA-g-EG) microparticles. Within 2 hours of receiving the
polymeric dosage form, a strong hypoglycemic effect (lowering of the blood glucose

30 level) was observed. The reduction of the blood glucose levels depends strongly on

the insulin dose. No response was observed in rats receiving the insulin solutions.



and ground into powders. The powders were filtered to obtain particles with
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ed by es

was | oad equi libriumpartitioning. The drug | oaded partic
were filtered and washed to renove _slggface drug and dried under
vacuum ' Mal e Wstar rafs (200 g) were fasted for 24

hours. The rats were i ped: in-.the supi posi tion

admi ni stered insulin | ogﬁ‘_’ea&%’ﬁ éﬁ%ﬂﬁ%ﬁ}mﬁm&oﬁp%rs{lﬁg | c&anggaag 87EHO)
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gl ucose | evels were determ ned by the glucose oxidase met hod using a
gl ucose B- Tedargejdecrease in blood glucose concentratiog within twierheursof administrasion.

gl ucose resp [ fecel ving.i d i . doses cagniai ned i.n.

P( MAA- g- EQ) ﬁf%%sg%‘r" f ig%:eﬁ'éég ggé?hilﬁgné’pﬁgu ‘@mo?"drﬂé‘% 8@???5 'qﬂéﬁm” Aprotigith v rer i ¢
dosage form sﬁo%ﬁ@ﬁ&%_ﬂéﬂﬁweﬁﬁaﬁrﬁn%icfd%péluéds@\&@feisn%ﬁﬁtihiﬁQ‘eQrMeQEH&PSP 30
| evel ) was observed. The reduction of the bl ood ahlgucose | evel s depends

strongly on the degrafativerngymes inghe intessine ang ghiews thednuilipaeleasedilocallyite

recei vingat he jnsul i.n_$0ol uti . N . .
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conprising a HREABRANGhERts receivingwmémg_sﬁgememm dHdPoledSe inhibitdP dompSsifibPt ease
i nhibitor, aprotinin, are shown in Fig. 8. Control groups of rats

wer e adni ni st{eneapsilpiedavithin thedAAAREEGrhydrogeDwrashiting ima greater neductinnde
(for conpari stgg%%?%?dr%a L QY S..adm ni stered a 50U Kg insulin solution (to

(oS Feeffiat

5 serve as l<6’?’oups recei ving polyneric dosage forns of

insulin had a | ar ge decrease in blood glucose concentration wthin
two hours of adm nistration. Those rats receiving a conbi nati on of
i nsul i n dAd tExampletdease inhibitor, aprotinin, showed t he greatest

reduction in jl cose.l,evehs. tinin retards the action of
t he degr adat i]{p}'eﬁg%g#é%s 'ﬁ?'%%gﬁiﬁﬁtﬁéfqﬁggind allows the insulin released
locally to 10 remain aDidbégswaiRGfduced i Realth) Sm@EWidtar hts by Sdhiifistration of

transported into the bloodstreamis hi g’hest in the rats receiving the
hydr ogel i nsuttieptazatpain. otlealthy dogisivisre made dinbeti¢ by administration of eligreanl at ed

\ch; h Ibln Ogge g rmﬂ&%ﬁ@ %xﬁx&%ﬁ%{é wrere_esﬁjrlei[)ai\rrég biy% f?eegx'ragn%gﬁullrc,es%ggénis%?l 'n
20  polymerization of methacrylic acid and poly(ethylene glycol) dimethacrylate (PEG MW
- =1000). Tetracthylene glycol dimethacrylate was added as the crosslinking agent.
2,2’-Azobisisobutyronitrile (AIBN) was added in the amount of 0.5% of the total
monomers as the thermal reaction initiator.
Drug loading was accomplished by equilibrium portioning of the insulin
25 into the POMAA-g-EG) microparticles. Bovine pancreatic insulin was dissolved in 200
ul of 1 N NaOH. The insulin solution was diluted with 20 ml of phosphate buffer
solution (pH = 7.4) and normalized with 200 ul of 0.1 N NaOH. Loading was
“accomplished by swelling initially dry, POMAA-g-EG) for 24 hours in the insulin
solution. The particles were then filtered and washed with 100 ml of 0.1 N HCI
30  solution to collapse the microparticles and “squeeze out” the remaining buffer solution.

The drug loaded microspheres were dried under vacuum and stored at 4° C. The



15. Exanple 4 In Vivo Studies in Diabetic Rats and Dogs

Di abet es ‘was i nduced in healthy, nale Wstar rats by adm nistration of
strept 0zot0ePH436Ral t hy dogs were made diabetic by adnini st rRET/BWS@6563 -

al | oxan. _ P(MAA- g- EG microspheres were prepared by a free-radical

bul k, suspension 20 pol yneri zati on of nkrhacrylic acid and pol y(ethyl ene
gl ycol ) dinethacrylate (PEG MV | = 1000). Tetraet hyl ene glycol .

di net hacr yl adesrge of loading was detrrminedSfeom FiBLfg apajesis of the insulin concentrations of

2, 2' - Azobi si ﬁ%bxﬂft%fgd]ﬁtti&{slaﬁd@# S evggmqug}hjﬁ he amount of 0.5% of the
t ot al noners as the t ermaf reactron rnrtiator. o -
Drug | oadi ng was accon®ricihe ddministeatioh iof the ifsylioribaded F(MAA-g-BG) ihydrogels, 25
into the P(MAA-g-EQ _ mcroparticles. Boyine pancreatic insulin yas

di ssol ved i ntheopale Wistarrats (330 gx wereffastgdofor 2fthourh sine rtswereregraingkinghe yt ed
| ShoLY ‘ < A _ .
w th 200 er PyRAEPORALE e fdeihistered thelth 16iel VAL L BOTRiBRLERIG AR

initially dryhe GnbidRsclufiéss Vi thedolthwsihgigeldtincapsites dnd capsules propared asing The
particles were then filtered and washed with 100 mi of 0.1 N HC 30

sol ution to Eudragitdel Q0nclhe gelasivpepsulescdissolved reedilydn theoyiemagh whilethgi ni ng

buf fer sol uti . ' es were dried under vacuum
and stored a;la‘&graélt cmseulg?(ﬁss%wég 2t gﬁqﬁﬂaﬂﬂfﬁf?ézgmie. .

- 16- degree of |IDadligiliceRperitfdng) thietd vere sepaliitéd @mﬁmsis?)eﬁéagewand

I nsulin concentrations of the initial solutions and the filtrate from
t he washi®gs allowed to drink water. A 0.2 mipjiqupt afblead.was ealiested drpmp thejngulasvain i n

| oaded P( MAA: ) o RY Qr | | st

fasted for 2392'(??? %Ig’ ?’n%qﬁgtsa E d\/%e}%oél 3 %@? Wﬁ%@%ﬂ%ﬁ %eeﬁlgéé Sé’éﬁ‘%?’%%“ﬁ%?. e[dI on

and admi ni st gyeenttifigzation ut 3000 Hadifd 3Rnibesy - THe)seftint pRpose levdlewernd
the control solutions via the nouth using gelatin capsul es, and capsul es

prepared usi dgtermined bedhi glyrese oxidnse methagpsing sgluapseB-dest itssol ved readily
in the stomach while thg, diabetic%ﬁg%g% %@?g@%&%%ﬁ’:‘?%g{#ﬁdﬁg&#gl gnificantly

sl ower rate. ats were

separ at eds ( 4 adminiftaioRT thefpehuRtignsl OThe polyMecdosage firinskverd kéministered2
al i quot of blood was col]ected fromthe jugul ar vein at 0,25, 0.5, 1,

2, 4, 6 and oralynsing glatingapsplerosThedogsiveers feshat the Hime ofadminisieatione d
b trif ti t 3 . f )
qoterni ned by the gl uodoarigife caperindi it Shes bt Glich ThaLFISF) BHK © VT ©

The di abet i c wit¢rs Klddd kgmplesiverd takércfloincin indvwellingscapheter! Sepum glucose levels

were determined using a portable glucose analyzer.

I

20 While a number of systems have been effective in lowering the blood
glucose levels of healthy animals following oral administration of polymeric carriers
éontaining insulin, similar results have not been observed in diabetic animals. The
blood glucose response of diabetic and h&lihy rats after oral administration of insulin
containing P(MAA-g-EG) microparticles using gelatin capsules (25 IU/kg doses) is

25 showninFig. 9. The blood glucose levels of the diabetic rats were lowered by up to
40% of the initial level. The reduction in blood glucose levels lasted for greater than 8
hours, and the degree to which the glucose levels were sﬁppressed was in fact greater
for the diabetic animals than the healthy animals. Additionally, the strong
hypbglycemic effects were observed to last longer in the diabetic animals.

30 . The blood glucose response of diabetic rats following oral
administration of Eudragit capsules containing insulin loaded P(MAA-g-EG)
microparticles (25 IUrkg doses) is shown in Fig. 10. The glucose levels of rats



15. administration of the fornulations. The pol ymer dosage forns were
admi 'ni st éRylogaze1s orally using gelatin capsul es. The dogs %‘rﬁlé?ﬂﬁ%% t he
[ , the

time of adm nistration. During the experinmen
dogs were caged and al l owed to drink .j7-water. Bl ood sanples were taken
froman in-dwelling catheter. Serum glucose |evels wer e determ ned

using a port %Ie&ﬁe?‘?%zﬁs%@:vyhéﬁ Feduld by greater than S0% for aflid gisggit fx‘éﬁPR er of

systens have been OWer I ng gl'uco evel s of
heal t hy ani midllowing b cingleadatinibtratibnl IFhetmigtdparticks gpchpsubitedindRudragit Svere
containing insulipn, simlar results have not been observed in_ diabetic
ani mal s. Themore etteqtivg dhangelatiscapsulesrssumably brcanss the mierepagiclesiopniained

after oral agm]'.j iﬁﬁd ¥ ' ' i pi - Q-
m croparticles ESI né?%de%gflﬁ%s %Jg%;glﬂ, sted(‘%h“rﬁﬁ}%g‘l&@t%eﬁ? %%ngg%ragn
Fig. 9. Te Brashdrter peritais of tinelduead thdwowidisehtion bfitie Ewdregit eapsoks. by up to

40% of the initial level. The reduction in blood glucose |evels |asted for
greater than 8 hokhedloog glueese of bgalthy dogs xras significantly lawssed following vwer e

suppressed ' st : | i bl . e

heal t hy ani na s‘l.’rglA%dS{hhsg%gﬁ §f,(a %e 14 f’g‘%"é‘%%sﬂ"a‘?"ﬁ{ﬁég‘? ;@é@ci«gb@%e%&mr e
observed to kssdogsonge fed andithe ndined) eésponsevfithé BodyWould be to maintain the basalhe

bl ood gl ucose refﬁgnse of djabetic rats follow ng oral admi ni'stration

of Eudragit baskunBer feedingithe Bigod glnsosmlerelsincaeasgdvhawgverswithin two hours of
;naf ; opar j4 cl ﬁﬁsiﬁé,slhé bdsd gﬂ%@é devElS weP@Ydiubdh @ great]ep thah 0% lng’ gd;’\_?ptlaﬁg gts of

recei vi ng t hasalislirsthg appayshallisdstined Addigemily.ef sdcbad deditaseWecarred dahd ei ght
hour s follow ng a single adm nistration. The m_croparticles

encapsul at edtherightdong ppinfcopsistent to what avaspresieysieseerin ratgnrabably dugtoul es

presumably b ] i t al_ned kn th drags t
capsul es wer gS@)&({%gag ré{;ﬁ){lg}] 1('?5 Eie?’gﬁg’? S{%&gﬁgﬁ?@hﬁl‘g%w& gl?ﬁ%sedf)vﬁi:sr S@%ﬁyr‘% ne g5
for shorter pfterd éight iours, iprebablyadeqo icbonid 4bsoHitivn Af tid i@suliyf t he Eudragit
capsul es. ~ The bl ood gl ucose of healthﬁ/ dogs was

®

significhhtly | owered flieighugaseresponse afidiabstie Hogealsverifiestheoupteke of iosulin e

pol ymeric do . . ) i r .1 h ogs._were fed and
t he nor nal rg(?g’gﬁéégl(ﬁl gﬁ@%ﬁg%v\o’lﬁ%gbgy QI%C%rsrée)ulerYflgiog d{aﬁggg%gggﬁ was | evel .
After feedi ngontréliedbyahe ofil udministiativs of insokd enfaiding FVARLg-E@)t hi n two

hours of 10 ,dosing, the bloaod glucose | evels were reduced by greater than

20% due to upteneRatgicles using gelayneapsules (10, EUikg siosenfollowingdseding and |
1 0 Y o0 RS PR Mo P ) ™

consistent to
col oni ¢ 2®soinitiallyn Hidweéves udfien ondHolirtthe ghicbse leVdlebédanad seabilize Fer the veks

steadi ly decl.ine after eight hours, probably due to colonic
absor pti on ofhreghoyrsag thejnsulin was absorbed. The blood glucose levels of the diabetic dogs
which received the polymer dosage forms was 40% less than dogs that had not
received any insulin.
Oral insulin delivery systems must be able to protect the drug from the
25  harsh environment of the stomach and deliver the insulin in an biologically active
conformation for extended period of time to more favorable regions for absorption
along the GI tract such as the upper small intestine. Because of their nature,
complexing POIMAA-g-EG) hydrogels are ideal for this application.
. P(MAA-g-EG) hydrogels are able to effectively deliver biologically
30  active insulin via the oral route. These materials have been shown to reduce the blood
glucose levels in diabetic rats and dogs and maintain the blood glucose at near normal

levels for greater than eight hours. These materials function well because the majority



15. : The gl ucose response of diabetic dogs al so verifies

t he upt akq}v§f9 Lg@gl in follow ng oral adm nistration. The bl ood
gl ucose | evel & di abetic dogs was controll ed by the P&T4IS98/06563
adm ni stration of insulin containing P(MAA-g-EQG m croparticles using

gel atin capsules (10 | U kg doses). Fol | onhdig feeding and
adm ni strati o? of, t he pol yrrer dosage form the glucose |evels of the dogs

lr3 ose rapi dl yofthe ‘“?‘Hﬁ"t@&?al‘%? inghedvdrogelsis apt reiraseduntil thﬁamgﬂeuclesmhéheel s
absor bed. - ThePhrramiifuctife, Wite in the inckethE 3ne B8R alilFe SR b RS

recei ved the nmbsmltovﬂng ﬁgénﬁmamomat BetbebiLthe chiftien aﬂ@ﬂfe dbs@xiptiba gitg10t
received any .insul Oral insulin delivery systens

nust be abl eAddit %ébe pelymersgrertaifetarbthegctivitiefnrotsalyticsnzmes inthe he

conf or mat on TGV HE slEnihe e slih o ARt B MciBhad bR Foimenionie 1o

absorption absorptiémDhé inhibh?bryt éf&et ofthe fpo@@nérh@n H@ﬁ{e faf@idn is BéIRVED fifbe
Because of thel r nature, | exi ng hydrogel s are i deal

for this appdedyad fpm the polymers’ abill t° f°l'm OOIPPM‘gﬁEG)UWMQGS calginm, abl e
to effective “%'ﬂ ‘ﬁgﬁ active insulin via the oral route.
These materi gf\g égﬁdrtg&{)ee : gt#o reduce t he bl ood gl ucose levels in
di abetic rats and dogs and nmaintain the bl ood glucose at near nornal '
levels for greater than eight hours. These materials function well because

the majority -18-

of the insulin contained in the hydrogels is not released until the
materials reach the upper small intestine. Wiile in the intestine, the
hydrogel s adhere strongly to the mucosa allowi ng for intimte contact
between the carrier and the absorption site. Additionally, the

polymers serve to retard the activity of proteolytic enzynmes in the 5
intestine allowing the insulin to remain active for |onger periods of tine

prior to absorption. The inhibitory effect of the polyners on enzyne
function is believed to be derived fromthe polyners' ability to form
conpl exes with cations, such as cal ci um necessary for enzymatic

functi on.



Sd%! ‘?st r“gbiggns said corrpog | ti CJJMJ{HEIHBIJJH*H‘\BFFQEF%;%Q;;; oral

matrix -aAd a | abile protein or peptide contained 5 therein, said hydrogel

matri x conprising a crosslinked co-poly of methacrylic agrg :
pol y(al kyl ene gl ycol) nononet hacryl at e. - d THIS SHE@%&E BEER
conposition Qf.claiml wherein the poly(al kyl ene glycol) REP

nononet hacr;ﬁ?lé’("és'i s poly(ethyl ene glycol) nonomet hacryl ate.

3. The conposition of claim1 wherein the hydrogel matrix is 10
crosslinked with tetraethylene glycol dinmethacrylate.

4. The conposition &f cl & phapmagesticalcompesition for orak adsipistration, said

5 e CommRRSTI) RaPr g L ANE R Aa BRI TR Mk, Biielheontif 1 1
wei ght from ﬂg?fé(‘i:i?, giii%qgﬂrég%l ABQI comtprisiifg: a drBsslinked co-polymer of methacrylidaeéid

conposition o wherein the protein is insulin or growth hornone

7. .;I'Ee cozlnptml%ﬁaﬂtylene gfycal):tnmmaﬁnﬂatﬂhe pgl y(et hyl ene glycol)
nmonomet hacryl ate has a . .
8. The c)c/)rrposi tion 3fm)cle i %E?"\\&ﬁé‘ﬁgf‘ ﬁir{ﬂﬁig']‘ i?@\% g%'iﬂ% ésoq-‘(@ﬁ&}&eé%&)

particul ate fahgh agméﬁi ylehé Blydoly Aidnbmethibrylate. 9.
The conposi t{non o?ﬂlgl I m 8ﬁv%%$€g}ln tﬁlg cgpsul e i s&gaeel atin capsul e.
10.  The conposition &f cIaihmcdmrpasitihmofglcinpﬁivehef@'ng'lqdl)@f%matﬁ’iis

I nhi bitor. \ . 11. A sition for oral delivery of
insulin 10, aoxpsstinksd &F@,tegﬁqt{wl%éy%ﬁ%éﬁ%?’ﬂﬁteconpri sing insulin co%t ai ned
within a P(MAA-g- EG  hydr ogethe composition of claim 2 wherein ie molaf ficC6fTPOSI ti on

of claim 11 further conprising a protease i nhi bitor.
13.  The cometimctyliorcidfand|palyfetbylentglycolh monemithderylaee isiaboutl:1.
part cu at e Torm and cqnt e il L Bed RBS Ri sgrgiy s s moleal,
weight from about 1,000 to about 20,000.
15 6. The composition of claim 4 wherein the protein is insulin.
7. The composition of claim 4 wherein the poly(ethylene glycol)
monomethacrylate has a molecular weight from about 200 to about 4000.
8. The composition of claim 4 wherein the hydrogel is in
particulate form and contained within a capsule
20 9. The composition of claim 8 wherein the capsule is a gelatin
capsule.
10.  The composition of claim 4 further comprising a protease
inhibitor.
11. A composition for 6ral delivery of insulin to a vertebrate, said
25  composition comprising insulin contained within a P(MAA-g-EG) hydrogel.
12.  The composition of claim 11 further comprising a protease
inhibitor.
_ 13.  The composition of claim 11 wherein the hydrogel is in
particulate form and contained within a capsule

30 14.  The composition of claim 13 wherein the capsule is a gelatin

capsule.
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-20- 15. Use of the corrposi";a}g SHEET BARBET ofi t he manufacture of a
medi canerdt for oral adnini stlf at | orRERLAL tically e%f %ﬁ}sigg(g?-ﬁzggount
of a pro¥P ¥ HB15eptide to a ) 5 hod of

form ng the conmposition of claim1 conprising the steps of
pol ymeri zi ng met hacrylic acid and pol y(‘gpkyl ene glycol) dinethacrylate and
a crosslinking agent to forma hydrogel matrix; cont actj ng
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adjusting t e SO lon to less t 5.4;7 and isolating the:
pr ot ei n- congal ReAsbrate the pompssittmmndxlaiimly hydr ogel natri x.
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5 stepsof _
polymerizing methacrylic acid and poly(alkylene glycol) dimethacrylate
and a crosslinking agent to form a hydrogel matrix;
contacting said hydrogel matrix with an aqueous solution of the protein,
wherein the solution has a pH of greater than about 5.4; and
10 adjusting the pH of the solution to less than about 5.4; and isolating the
protein-containing hydrogel matrix.
17.  The method of claim 16 wherein the poly(alkylene glycol)
monomethacrylate is poly(ethylene glycol) monomethacrylate.
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