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The bioactive agent of the present invention may be selected
from group consisting of oxytocin, vasopressin, adrenocor-
ticotrophic hormone, prolactin, luliberin or luteinising hor-
mone releasing hormone, growth hormone, growth hormone
releasing factor, somatostatin, glucagon, interferon, gastrin,
tetragastrin, pentagastrin, urogastroine, secretin, calcitonin,
enkephalins, endorphins, angiotensins, renin, bradykinin,
bacitracins, polymixins, colistins, tyrocidin, gramicidines,
and synthetic analogues, modifications and pharmacologi-
cally active fragments thereof, monoclonal antibodies and
soluble vaccines.

In another embodiment, the nanoparticles of the invention
increase the absorption of bioactive agents across the blood
brain barrier and/or the gastrointestinal barrier. In still
another embodiment, the nanoparticles with chitosan at an
outer layer and surface positive charge serve as an enhancer
in enhancing paracellular drug (bioactive agent) transport of
an administered bioactive agent when the bioactive agent
and nanoparticles are orally administrated in a two-compo-
nent system, or orally administered substantially simulta-
neously.

Some aspects of the invention relate to a method of
enhancing intestinal or blood brain paracellular transport of
bioactive agents configured and adapted for delivering at
least one bioactive agent in a patient comprising adminis-
tering nanoparticles composed of y-PGA and chitosan,
wherein the nanoparticles are loaded with a therapeutically
effective amount or dose of the at least one bioactive agent.
The nanoparticle of the present invention is an effective
intestinal delivery system for peptide and protein drugs and
other large hydrophilic molecules. In a further embodiment,
the bioactive agent is selected from the group consisting of
proteins, peptides, nuclebsides, nucleotides, antiviral agents,
antineoplastic agents, antibiotics, and anti-inflammatory
drugs. In a further embodiment, the bioactive agent is
selected from the group consisting of calcitonin,
cyclosporin, insulin, oxytocin, tyrosine, enkephalin, tyrotro-
pin releasing hormone (TRH), follicle stimulating hormone
(FSH), luteinizing hormone (LH), vasopressin and vaso-
pressin analogs, catalase, superoxide dismutase, interleukin-
1I (IL2), interferon, colony stimulating factor (CSF), tumor
necrosis factor (TNF) and melanocyte-stimulating hormone.
In a further embodiment, the bioactive agent is an Alzheimer
antagonist.

In a co-pending application, U.S. patent application Ser.
No. 10/916,170 filed Aug. 11, 2004, it is disclosed that a
biomaterial with free amino groups of lysine, hydroxylysine,
or arginine residues within biologic tissues is crosslinkable
with genipin, a crosslinker (Biomaterials 1999;20:1759-72).
It is also disclosed that the crosslinkable biomaterial may be
crosslinked with a crosslinking agent or with light, such as
ultraviolet irradiation, wherein the crosslinkable biomaterial
may be selected from the group consisting of collagen,
gelatin, elastin, chitosan, NOCC(N, O, carboxylmethyl chi-
tosan), fibrin glue, biological sealant, and the like. Further,
it is disclosed that a crosslinking agent may be selected from
the group consisting of genipin, its derivatives, analog (for
example, aglycon geniposidic acid), stereoisomers and mix-
tures thereof. In one embodiment, the crosslinking agent
may further be selected from the group consisting of epoxy
compounds, dialdehyde starch, glutaraldehyde, formalde-
hyde, dimethyl suberimidate, carbodiimides, succinimidyls,
diisocyanates, acyl azide, reuterin, ultraviolet irradiation,
dehydrothermal treatment, tris(thydroxymethyl)phosphine,
ascorbate-copper, glucose-lysine and photo-oxidizers, and
the like.
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In one embodiment, it is disclosed that loading drug onto
a chitosan-containing biological material crosslinked with
genipin or other crosslinking agent may be used as biocom-
patible drug carriers for drug slow-release or sustained
release. Several biocompatible plastic polymers or synthetic
polymers have one or more amine group in their chemical
structures, for example poly(amides) or poly(ester amides).
The amine group may become reactive toward a crosslink-
ing agent, such as glutaraldehyde, genipin or epoxy com-
pounds of the present invention. In one embodiment, the
nanoparticles comprised of crosslinkable biomaterial is
crosslinked, for example up to about 50% degree or more of
crosslinking, preferably about 1 to about 20% degree of
crosslinking of the crosslinkable components of the bioma-
terial, enabling sustained biodegradation of the biomaterial
and/or sustained drug release.

By modifying the chitosan structure to alter its charge
characteristics, such as grafting the chitosan with methyl,
alkyl (for example, ethyl, propyl, butyl, isobutyl, etc.),
polyethylene glycol (PEG), or heparin, the surface charge
density (zeta potential) of the CS-y r PGA nanoparticles may
become more pH resistant or hydrophilic. In one embodi-
ment, the chitosan is grafted with polyacrylic acid or a
polymer with a chemical formula:

NH
O0=C

A
R

where Ris =12

By way of illustration, trimethyl chitosan chloride might
be used in formulating the CS-y PGA nanoparticles for
maintaining its spherical biostability at a pH lower than pH
2.5, preferably at a pH as low as 1.0. Some aspects of the
invention provide a drug-loaded chitosan-containing bio-
logical material crosslinked with genipin or other crosslink-
ing agent as a biocompatible drug carrier for enhancing
biostability at a pH lower than pH 2.5, preferably within at
a pH as low as 1.0.

Although the present invention has been described with
reference to specific details of certain embodiments thereof,
it is not intended that such details should be regarded as
limitations upon the scope of the invention except as and to
the extent that they are included in the accompanying
claims. Many modifications and variations are possible in
light of the above disclosure.

What is claimed is:

1. A pharmaceutical composition of nanoparticles char-
acterized by enhancing intestinal paracellular transport, each
nanoparticle comprising a first component of at least one
bioactive agent, a second component of low molecular
weight chitosan, and a third component that is negatively
charged, wherein said second component dominates on a
surface of said nanoparticle.

2. The pharmaceutical composition of claim 1, wherein
said third component is y-PGA.

3. The pharmaceutical composition of claim 2, wherein
the first component comprises insulin at a concentration
range of 0.075 to 0.091 mg/ml, the second component at a
concentration range of 0.67 to 0.83 mg/ml, and the third
component at a concentration range of 0.150 to 0.184
mg/ml.

4. The pharmaceutical composition of claim 1, wherein
said third component is alginate.



