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Figure 2. 
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Serum lFN-alpha Following Nasal 
Administration to Rats 
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Figure 4. 
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COMPOSITIONS CAPABLE OF FACILITATING 
PENETRATION ACROSS A BIOLOGICAL 

BARRIER 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application No. 60/562,345, ?led on Apr. 15, 2004, Which 
is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to novel penetration compo 
sitions that enable ef?cient translocation of an effector 
across biological barriers. 

BACKGROUND OF THE INVENTION 

[0003] Techniques enabling ef?cient transfer of a sub 
stance of interest across a biological barrier are of consid 
erable interest in the ?eld of biotechnology. For example, 
such techniques may be used for the transport of a variety of 
different substances across a biological barrier regulated by 
tight junctions (i.e., the mucosal epithelia, Which include the 
intestinal and respiratory epithelia and the vascular endot 
helia, Which includes the blood-brain barrier). 

[0004] The intestinal epithelium represents the major bar 
rier to absorption of orally administered compounds, e.g., 
drugs and peptides, into the systemic circulation. This bar 
rier is composed of a single layer of columnar epithelial cells 
(primarily enterocytes, goblet cells, endocrine cells, and 
paneth cells), Which are joined at their apical surfaces by the 
tight junctions. See Madara et al., PHYSIOLOGY OF THE 
GASTROINTESTINAL TRACT; 2nd Ed., Johnson, ed., 
Raven Press, NeW York, pp. 1251-66 (1987). 

[0005] Compounds that are presented in the intestinal 
lumen can enter the blood stream through active or facili 
tative transport, passive transcellular transport, or passive 
paracellular transport. Active or facilitative transport occurs 
via cellular carriers, and is limited to transport of loW 
molecular Weight degradation products of complex mol 
ecules such as proteins and sugars, e.g., amino acids, pen 
toses, and hexoses. Passive transcellular transport requires 
partitioning of the molecule through both the apical and 
basolateral membranes. This process is limited to relatively 
small hydrophobic compounds. See Jackson, PHYSIOL 
OGY OF THE GASTROINTESTINAL TRACT; 2nd Ed., 
Johnson, ed., Raven Press, NeW York, pp. 1597-1621 
(1987). Consequently, With the exception of those molecules 
that are transported by active or facilitative mechanisms, 
absorption of larger, more hydrophilic molecules is, for the 
most part, limited to the paracellular pathWay. HoWever, the 
entry of molecules through the paracellular pathWay is 
primarily restricted by the presence of the tight junctions. 
See Gumbiner, Am. J. Physiol, 253zC749-C758 (1987); 
Madara, J. Clin. Invest, 83:1089-94 (1989). 

[0006] Considerable attention has been directed to ?nding 
Ways to increase paracellular transport by “loosening” tight 
junctions. One approach to overcoming the restriction to 
paracellular transport is to co-administer, in a mixture, 
biologically active ingredients With absorption enhancing 
agents. Generally, intestinal/respiratory absorption enhanc 
ers include, but are not limited to, calcium chelators, such as 
citrate and ethylenediamine tetraacetic acid (EDTA); sur 
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factants, such as sodium dodecyl sulfate, bile salts, palmi 
toylcarnitine, and sodium salts of fatty acids. For example, 
EDTA, Which is knoWn to disrupt tight junctions by chelat 
ing calcium, enhances the efficiency of gene transfer into the 
airWay respiratory epithelium in patients With cystic ?brosis. 
See Wang, et al.,Am. J. Respir Cell Mol. Biol, 22:129-138 
(2000). HoWever, one draWback to all of these methods is 
that they facilitate the indiscriminate penetration of any 
nearby molecule that happens to be in the gastrointestinal or 
airWay lumen. In addition, each of these intestinal/respira 
tory absorption enhancers has properties that limit their 
general usefulness as a means to promote absorption of 
various molecules across a biological barrier. 

[0007] Moreover, With the use of harsh surfactants, the 
potential lytic nature of these agents raises concerns regard 
ing safety. Speci?cally, the intestinal and respiratory epithe 
lia provide a barrier to the entry of toxins, bacteria and 
viruses from the hostile exterior. Hence, the possibility of 
exfoliation of the epithelium using surfactants, as Well as the 
potential complications arising from increased epithelial 
repair, raise safety concerns about the use of surfactants as 
intestinal/respiratory absorption enhancers. 
[0008] When calcium chelators are used as intestinal/ 
respiratory absorption enhancers, Ca+2 depletion does not 
act directly on the tight junction, but rather, induces global 
changes in the cells, including disruption of actin ?laments, 
disruption of adherent junctions, diminished cell adhesion, 
and activation of protein kinases. See Citi, J. Cell Biol, 
117:169-178 (1992). Moreover, as typical calcium chelators 
only have access to the mucosal surface, and luminal Ca+2 
concentration may vary, suf?cient amounts of chelators 
generally cannot be administered to loWer Ca+2 levels to 
induce the opening of tight junctions in a rapid, reversible, 
and reproducible manner. 

[0009] Additionally, some toxins such as Clostridium dif 
?cile toxin A and B, appear to irreversibly increase paracel 
lular permeability and are thus, associated With destruction 
of the tight junction complex. See Hecht, et al., J. Clin. 
Invest, 82:1516-24 (1988); Fiorentini and Thelestam, Toxi 
con, 29:543-67 (1991). Other toxins such as Wbrio cholerae 
Zonula occludens toxin (ZOT) modulate the structure of 
intercellular tight junctions. As a result, the intestinal 
mucosa becomes more permeable, yet in a non-selective 
manner. See Fasano, et al., Proc. Nat. Acad. Sci, USA, 
8:5242-46 (1991); US. Pat. No. 5,827,534. This manipula 
tion might also results in diarrhea. 

[0010] The oral delivery of bioactive peptides and proteins 
has received special attention, due to their vulnerability to 
the harsh gastrointestinal environment, leading to enZymatic 
degradation and chemical denaturation. Diverse drug deliv 
ery vehicles have been employed, among them liposomes, 
lipidic or polymeric nanoparticles, and microemulsions. 
These have improved the oral bioavailability of certain 
drugs, mostly by the protective effect they offer. HoWever, 
these vehicles do not address the impermeable nature of the 
epithelial barrier. Thus, for most relevant drugs, absorption 
does not rise above 5%, and fails to achieve the minimal 
therapeutic goals. 
[0011] Hence, a need remains for an ef?cient, speci?c, 
non-invasive, loW-risk means to target various biological 
barriers for the delivery of large bioactive molecules such as 
polypeptides, macromolecule drugs and other therapeutic 
agents. 
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SUMMARY OF THE INVENTION 

[0012] The present invention provides compositions for 
effectively translocating therapeutically active molecules, 
i.e., effectors, otherWise impermeable through biological 
barriers, by including such molecules in a Water soluble 
composition. In one embodiment, the Water soluble compo 
sition can be immersed in a hydrophobic medium. Alterna 
tively, the Water soluble solution can ?rst be lyophiliZed, and 
then suspended in a hydrophobic medium. The invention 
also relates to the use of membrane ?uidiZing agents in order 
to enhance the translocation of said at least one effector 
across a biological barrier. 

[0013] “Effective translocation” or “efficient transloca 
tion” as used herein means that introduction of the compo 
sition to a biological barrier, results in at least 5%, but 
preferably at least 10%, and even more preferably, at least 
20% translocation of the effector across the biological 
barrier. 

[0014] As used herein, a “penetration composition” 
includes any composition of a Water soluble composition 
immersed in a hydrophobic medium, that facilitates the 
effective translocation of a substance, e.g., at least one 
effector, across a biological barrier, utiliZing at least one 
membrane ?uidiZing agent. The term “Water soluble com 
position” as used herein refers to compositions Which can be 
solubiliZed in a hydrophilic or partially hydrophilic solvent. 
Ahydrophilic or partially hydrophilic solvent may consist of 
Water, or a non-aqueous medium such as mono-alcohols, 
di-alcohols, or tri-alcohols. Examples of suitable mono 
alcohols include, but are not limited to, ethanol, propanol, 
isopropanol and butanol. An example of a di-alcohol 
includes, but is not limited to, propylene glycol. An example 
of a tri-alcohol includes, but is not limited to, glycerol. 

[0015] According to the methods and compositions of the 
invention, the Water soluble composition is immersed in a 
hydrophobic medium. Alternatively, the Water soluble solu 
tion is ?rst lyophiliZed, and then suspended in a hydrophobic 
medium. A hydrophobic medium can consist of aliphatic, 
cyclic, or aromatic molecules. Examples of a suitable ali 
phatic hydrophobic medium include mineral oil (e.g. paraf 
?n), fatty acids, mono-glycerides, di-glycerides, tri-glycer 
ides, ethers, and esters. Examples of tri-glycerides include 
long chain triglycerides, medium chain triglycerides, and 
short chain triglycerides. For example, the long chain trig 
lyceride can be castor oil, and the short chain triglyceride 
can be glyceryl tributyrate. Examples of a suitable cyclic 
hydrophobic medium include, but are not limited to, terpe 
noids, cholesterol, cholesterol derivatives (e.g., cholesterol 
sulfate), and cholesterol esters of fatty acids. An example of 
an aromatic hydrophobic medium includes, but is not lim 
ited to, benZyl benZoate. 

[0016] The penetration composition is further supple 
mented by a membrane ?uidiZing agent. The term “mem 
brane ?uidiZing agent” as used herein refers to molecules 
Which increase the ?uidity and decrease the order of lipids 
in biological membranes. For example, a membrane ?uid 
iZing agent can be a linear, branched, cyclical, or aromatic 
alcohol. Examples of suitable linear alcohols include, but are 
not limited to, butanol, pentanol, hexanol, heptanol, octanol, 
nonanol, decanol, undecanol, and dodecanol. Examples of 
branched alcohols include, but are not limited to, geraniol 
and famesol. An example of a cyclical alcohol includes, but 
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is not limited to, menthol. Examples of suitable aromatic 
alcohols include, but are not limited to, benZyl alcohol, 
4-hydroxycinnamic acid, and phenolic compounds. 
Examples of phenolic compounds include, but are not lim 
ited to, phenol, m-cresol, and m-chlorocresol. 

[0017] As used herein, the term “biological barrier” is 
meant to include biological membranes such as the plasma 
membrane as Well as any biological structures sealed by 
tight junctions (or occluding junctions) such as the mucosal 
or vascular epithelia, (including, but not limited to, the 
gastrointestinal or respiratory epithelia), and the blood brain 
barrier. Moreover, those skilled in the art Will recogniZe that 
translocation may occur across a biological barrier in a 
tissue containing cells such as epithelial cells or endothelial 
cells. 

[0018] The invention also provides penetration composi 
tions containing a pharmaceutically acceptable carrier or 
excipient, or a combination thereof. In various embodi 
ments, the compositions of the invention can be contained 
Within a capsule, or can take the form of a tablet, an 
emulsion, a cream, an ointment, a suppository or a nasal 
spray. 

[0019] Penetration compositions include at least one 
effector. The at least one effector can be a therapeutically 
active impermeable molecule including, but not limited to, 
nucleic acids, glycosaminoglycans, proteins, peptides, or 
pharmaceutically active agents, such as, for example, hor 
mones, groWth factors, incretins, neurotrophic factors, anti 
coagulants, bioactive molecules, toxins, antibiotics, anti 
fungal agents, antipathogenic agents, antigens, antibodies, 
monoclonal antibodies, antibody fragments, soluble recep 
tors, immunomodulators, vitamins, antineoplastic agents, 
enZymes, gonadotropins, cytokines, or other therapeutic 
agents. For example, glycosaminoglycans acting as imper 
meable compounds include, but are not limited to, heparin, 
heparin derivative, heparan sulfate, chondroitin sulfate, der 
matan sulfate, and hyaluronic acid. Examples of heparin 
derivatives include, but are not limited to, loW molecular 
Weight heparins such as enoxaparin, dalteparin, tinZaparin, 
and fondaparinux. Nucleic acids serving as impermeable 
molecules include, but are not limited to, speci?c DNA 
sequences (e.g., coding genes), speci?c RNA sequences 
(e.g., RNA aptamers, antisense RNA or a speci?c inhibitory 
RNA (RNAi)), poly CpG, or poly I:C synthetic polymers of 
nucleic acids. Other suitable proteins include, but are not 
limited to, insulin, erythropoietin (EPO), glucagon-like pep 
tide 1 (GLP-l), melanocyte stimulating hormone (otMSH), 
parathyroid hormone (PTH), parathyroid hormone amino 
acids 1-34 (PTH(1-34)), groWth hormone, peptide YY 
amino acids 3-36 (PYY(3-36)), calcitonin, interleukin-2 
(IL-2), otl-antitrypsin, granulocyte/monocyte colony stimu 
lating factor (GM-CSF), granulocyte colony stimulating 
factor (G-CSF), T20, anti-TNF antibodies, interferon 0t, 
interferon [3, interferon y, luteiniZing hormone (LH), follicle 
stimulating hormone (FSH), enkephalin, dalargin, kyotor 
phin, basic ?broblast groWth factor (bFGF), hirudin, hirulog, 
luteiniZing hormone releasing hormone (LHRH) analog, 
brain-derived natriuretic peptide (BNP), glatiramer acetate, 
and neurotrophic factors. 

[0020] Suitable effectors also include pharmaceutically 
active agents selected from the group consisting of vitamin 
B12, a bisphosphonate, taxol, Caspofungin, or an aminogly 
coside antibiotic. 
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[0021] As used herein, “impermeable molecules” are mol 
ecules that are unable to efficiently cross biological barriers, 
such as the cell membrane or tight junctions. Typically, 
impermeable molecules of the invention are of a molecular 
Weight above 200 Daltons. Anionic impermeable molecules 
are preferably polysaccharides, i.e., glycosaminoglycans, 
nucleic acids, or net negatively charged proteins, Whereas 
cationic impermeable molecules are preferably net posi 
tively charged proteins. 

[0022] A protein’s net charge is determined by tWo fac 
tors: 1) the total count of acidic amino acids vs. basic amino 
acids, and 2) the speci?c solvent pH surroundings, Which 
expose positive or negative residues. As used herein, “net 
positively or net negatively charged proteins” are proteins 
that, under non-denaturing pH surroundings, have a net 
positive or net negative electric charge. For example, inter 
feron, is a protein that contains 23 positively charged 
residues (lysines and arginines), and 18 negatively charged 
residues (glutamic or aspartic acid residues). Therefore, 
under neutral or acidic pH surroundings, interferon [3 con 
stitutes a net positively charged protein. Conversely, insulin 
is a 51 amino acid protein that contains tWo positively 
charged residues, one lysine and one arginine, and four 
negatively charged glutamic acid residues. Therefore, under 
neutral or basic pH surroundings, insulin constitutes a net 
negatively charged protein. In general, those skilled in the 
art Will recogniZe that all proteins may be considered “net 
negatively charged proteins” or “net positively charged 
proteins”, regardless of their amino acid composition, 
depending on their pH and/or solvent surroundings. For 
example, different solvents can expose negative or positive 
side chains depending on the solvent pH. 

[0023] The Water soluble compositions of this invention 
may further contain a stabiliZer of protein structure. “Sta 
biliZers of protein structure”, as used herein, refer to any 
compounds that can stabiliZe protein structure under aque 
ous or non-aqueous conditions, such as polycationic mol 
ecules, polyanionic molecules, and uncharged polymers. 
One example of a polycationic molecule that can function as 
a protein stabiliZer is a polyamine such as spermine. 
Examples of polyanionic molecule that can function as 
protein stabiliZers include, but are not limited to, phytic acid 
and sucrose octasulfate. Non-limiting examples of 
uncharged polymers that can function as protein stabiliZers 
include polyvinylpyrrolidone and polyvinyl alcohol. 

[0024] The Water soluble compositions of this invention 
may further contain amphipathic counter ions. Counter ions 
can include, for example, anionic or cationic amphipathic 
molecules. In one embodiment, anionic or cationic counter 
ions of this invention are ions that are negatively (anionic) 
or positively (cationic) charged and can include a hydro 
phobic moiety. Under appropriate conditions, anionic or 
cationic counter ions can establish electrostatic interactions 
With cationic or anionic impermeable molecules, respec 
tively. The formation of such a complex can cause charge 
neutraliZation, thereby creating a neW uncharged entity, With 
further hydrophobic properties in the case of an inherent 
hydrophobicity of the counter ion. 

[0025] Contemplated cationic counter ions include qua 
ternary amine derivatives, such as benZalkonium deriva 
tives. Suitable quaternary amines can be substituted by 
hydrophobic residues. In general, quaternary amines con 
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templated by the invention have the structure: 1-R1-2-R2 
3-R3-4-R4-N, Wherein R1, 2, 3, or 4 are alkyl or aryl 
derivatives. Further, quaternary amines can be ionic liquid 
forming cations, such as imidaZolium derivatives, pyri 
dinium derivatives, phosphonium compounds or tetralky 
lammonium compounds. For example, imidaZolium deriva 
tives have the general structure of 1-R1-3-R2-imidaZolium 
Where R1 and R2 can be linear or branched alkyls With 1 to 
12 carbons. Such imidaZolium derivatives can be further 
substituted for example by halogens or an alkyl group. 
Speci?c imidaZolium derivatives include, but are not limited 
to, 1-ethyl-3-methylimidaZolium, 1-butyl-3-methylimidaZo 
lium, 1-hexyl-3-methylimidaZolium, 1-methyl-3-octylimi 
daZolium, 1-methyl-3-(3,3,4,4,5,5,6,6,7,7,8,8,8-trideca?uo 
roctyl)-imidaZolium, 1,3-dimethylimidaZolium, and 1,2 
dimethyl-3-propylimidaZolium. 
[0026] Pyridinium derivatives have the general structure 
of 1-R1-3-R2-pyridinium Where R1 is a linear or branched 
alkyl With 1 to 12 carbons, and R2 is H or a linear or 
branched alkyl With 1 to 12 carbons. Such pyridinium 
derivatives can be further substituted for example by halo 
gens or an alkyl group. Pyridinium derivatives include, but 
are not limited to, 3-methyl-1-propylpyridinium, 1-butyl-3 
methylpyridinium, and 1-butyl-4-methylpyridinium. The 
ionic liquid forming cations described herein can also be 
constituents of Water soluble salts. 

[0027] Suitable anionic counter ions are ions With nega 
tively charged residues such as carboxylate, sulfonate or 
phosphonate anions, and can further contain a hydrophobic 
moiety. Examples of such anionic counter ions include, but 
are not limited to, sodium dodecyl sulphate, dioctyl sulfo 
succinate and other anionic compounds derived from 
organic acids. 
[0028] The penetration compositions of this invention 
may also contain a surface active agent. Suitable surface 
active agents include ionic and non-ionic detergents. Ionic 
detergents can be fatty acid salts, lecithin, or bile salts. 
Examples of fatty acid salts include, but are not limited to, 
sodium octanoate, sodium decanoate, and sodium dode 
canoate. Non-limiting examples of non-ionic detergents 
include cremophore, a polyethylene glycol fatty alcohol 
ether, a sorbitan fatty acid ester, Solutol HS15, or a polox 
amer. Examples of sorbitan fatty acid esters include, but are 
not limited to, sorbitan monolaurate, sorbitan monooleate, 
and sorbitan monopalmitate. 

[0029] The penetration compositions of this invention 
may also contain adhesive polymers such as methylcellu 
lose, ethylcellulose, hydroxypropylmethylcellulose 
(HPMC), or carbopol. Additionally, the penetration compo 
sitions of this invention may also contain a monoglyceride. 
Examples of monoglycerides include, but are not limited to, 
glyceryl monooctanoate, glyceryl monodecanoate, glyceryl 
monolaurate, glyceryl monomyristate, glyceryl monostear 
ate, glyceryl monopalmitate, and glyceryl monooleate. 
[0030] In one embodiment, the penetration compositions 
of this invention contain at least one effector, With spermine, 
polyvinylpyrrolidone, and sodium dodecanoate immersed 
With octanol and geraniol in a vegetarian oil such as castor 
oil, or in a combination of medium chain triglycerides, or 
glyceryl tributyrate and castor oil. The composition can 
further contain sorbitan monopalmitate and/or glyceryl 
monooleate and/or methylcellulose and/or cholesterol sul 
fate. 
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[0031] The penetration compositions of this invention can 
further contain a protective agent. An example of a protec 
tive agent is a protease inhibitor. Suitable protease inhibitors 
that can be added to the penetration composition are 
described in Bernkop-Schnurch et al., J. Control. Release, 
5211-16 (1998). These include, for example, inhibitors of 
luminally secreted proteases, such as aprotinin, BoWman 
Birk inhibitor, soybean trypsin inhibitor, chicken ovomu 
coid, chicken ovoinhibitor, human pancreatic trypsin inhibi 
tor, camostate mesilate, ?avonoid inhibitors, antipain, 
leupeptin, p-aminobenZamidine, AEBSF, TLCK, APMSF, 
DFP, PMSF, poly(acrylate) derivatives, chymostatin, ben 
Zyloxycarbonyl-Pro-Phe-CHO, FK-448, sugar biphenylbo 
ronic acids complexes, [3-phenylpropionate, elastatinal, 
methoxysuccinyl-Ala-Ala-Pro-Val-chloromethylketone 
(MPCMK), EDTA, and chitosan-EDTA conjugates. Suitable 
protease inhibitors also include inhibitors of membrane 
bound proteases, such as amino acids, di- and tripeptides, 
amastatin, bestatin, puromycin, bacitracin, phosphinic acid 
dipeptide analogues, ot-aminoboronic acid derivatives, Na 
glycocholate, 1,10-phenantroline, acivicin, L-serine-borate, 
thiorphan, and phosphoramidon. 
[0032] Preferred compositions include, e.g., enteric 
coated tablets and gelatin or hydroxypropyl methylcellulose 
(HPMC) capsules comprising the active ingredient together 
With a) diluents, e.g., lactose, dextrose, sucrose, mannitol, 
sorbitol, cellulose and/or glycine; b) protease inhibitors such 
as Aprotinin or trasylol; c) lubricants, e.g., silica, talcum, 
stearic acid, its magnesium or calcium salt, poloxamer 
and/or polyethyleneglycol; for tablets also d) binders, e.g., 
magnesium aluminum silicate, starch paste, gelatin, traga 
canth, methylcellulose, sodium carboxymethylcellulose 
and/or polyvinylpyrrolidone; e) ionic surface active agents 
such as poloxamer, Solutol HS15, Cremophore, phospho 
lipids and bile acids, if desired f) disintegrants, e.g., starches, 
agar, alginic acid or its sodium salt, or effervescent mixtures; 
and/or g) absorbents, colorants, ?avors and sWeeteners. 
Suppositories are advantageously prepared from fatty emul 
sions or suspensions. The compositions may be steriliZed 
and/or contain adjuvants, such as preserving, reducing 
agents e.g., NAC (N-Acetyl-L-Cysteine), stabiliZing, Wet 
ting or emulsifying agents, solution promoters, salts for 
regulating the osmotic pressure and/or buffers. In addition, 
they may also contain other therapeutically valuable sub 
stances. The compositions are prepared according to con 
ventional mixing, granulating or coating methods, and con 
tain about 0.001 to 75%, and preferably about 0.01 to 10%, 
of the active ingredient. 

[0033] The compositions may further contain a mixture of 
at least tWo substances selected from the group consisting of 
a non-ionic detergent, an ionic detergent, an adhesive poly 
mer, a monoglyceride, a protease inhibitor, a sulfohydryl 
group status modifying agent, and an antioxidant. For 
example, the non-ionic detergent may be a poloxamer, 
cremophore, a polyethylene glycol fatty alcohol ether, a 
sorbitan fatty acid ester or Solutol HS 15; the ionic detergent 
may be a fatty acid salt; the adhesive polymer may be 
methylcellulose, ethylcellulose, hydroxypropylmethylcellu 
lose (HPMC), or carbopol; the monoglyceride may be 
glyceryl monooctanoate, glyceryl monodecanoate, glyceryl 
monolaurate, glyceryl monomyristate, glyceryl monostear 
ate, glyceryl monopalmitate, or glyceryl monooleate; the 
protease inhibitor may be selected from the group consisting 
of aprotinin, BoWman-Birk inhibitor, soybean trypsin inhibi 
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tor, chicken ovomucoid, chicken ovoinhibitor, human pan 
creatic trypsin inhibitor, camostate mesilate, ?avonoid 
inhibitors, antipain, leupeptin, p-aminobenZamidine, 
AEBSF, TLCK, APMSF, DFP, PMSF, poly(acrylate) deriva 
tives, chymostatin, benZyloxycarbonyl-Pro-Phe-CHO, 
FK-448, sugar biphenylboronic acids complexes, [3-phenyl 
propionate, elastatinal, methoxysuccinyl-Ala-Ala-Pro-Val 
chloromethylketone (MPCMK), EDTA, chitosan-EDTA 
conjugates, amino acids, di-peptides, tripeptides, amastatin, 
bestatin, puromycin, bacitracin, phosphinic acid dipeptide 
analogues, ot-aminoboronic acid derivatives, Na-glycocho 
late, 1,10-phenantroline, acivicin, L-serine-borate, thior 
phan, and phosphoramidon; the sulfohydryl group status 
modifying agent may be N-acetyl L-cysteine (NAC) or 
Diamide; and/or the antioxidant may be selected from the 
group consisting of tocopherol, deteroxime mesylate, 
methyl paraben, ethyl paraben, and ascorbic acid. 

[0034] The invention also provides kits having one or 
more containers containing a therapeutically or prophylac 
tically effective amount of a composition of the invention. 

[0035] Methods for making and using the present phar 
maceutical compositions are also Within the scope of the 
present invention. 

[0036] The invention also involves methods of effectively 
translocating at least one effector across a biological barrier 
using the compositions of the invention. For example, at 
least one effector can be included Within a Water soluble 

composition, optionally lyophiliZed thereafter, immersed in 
a hydrophobic medium to form a composition according to 
the invention, Which can then be introduced to a biological 
barrier, thereby effectively translocating the effector across 
the biological barrier. 

[0037] Also described are methods of treating or prevent 
ing diseases or pathological conditions by administering to 
a subject in Which such treatment or prevention is desired, 
a composition of the invention in an amount suf?cient to 
treat or prevent the disease or pathological condition. For 
example, the diseases or conditions to be treated include, but 
are not limited to, endocrine disorders, including diabetes, 
infertility, hormone de?ciencies and osteoporosis; ophthal 
mological disorders; neurodegenerative disorders, including 
AlZheimer’s disease and other forms of dementia, Parkin 
son’s disease, multiple sclerosis, and Huntington’s disease; 
cardiovascular disorders, including atherosclerosis, hyper 
and hypocoagulable states, coronary disease, and cere 
brovascular events; metabolic disorders, including obesity 
and vitamin de?ciencies; renal disorders, including renal 
failure; haematological disorders, including anemia of dif 
ferent entities; immunologic and rheumatologic disorders, 
including autoimmune diseases, and immune de?ciencies; 
infectious diseases, including viral, bacterial, fungal and 
parasitic infections; neoplastic diseases; and multi-factorial 
disorders, including impotence, chronic pain, depression, 
different ?brosis states, and short stature. 

[0038] Administration of the active compounds and salts 
described herein can be via any of the accepted modes of 
administration for therapeutic agents. These methods 
include oral, buccal, anal, rectal, bronchial, pulmonary, 
nasal, sublingual, intraorbital, parenteral, transdermal, or 
topical administration modes. 

[0039] Also included in the invention are methods of 
producing the compositions described herein. For example, 
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the Water soluble composition containing the effector can be 
dissolved or suspended in a hydrophilic or partially hydro 
philic solvent that is further immersed together With a 
membrane ?uidiZing agent in a hydrophobic medium, 
thereby producing the composition. Alternatively, the Water 
soluble composition including the effector, or any combi 
nation of effector, protein stabiliZers, and/or counter ions can 
be lyophiliZed together and then suspended With a mem 
brane ?uidiZing agent in a hydrophobic medium. In general, 
the entire Water soluble composition can be ?rst lyophiliZed 
and then suspended in a hydrophobic medium. Other com 
ponents of the composition can also be optionally lyo 
philiZed or added during reconstitution of the lyophiliZed 
materials. 

[0040] Also provided are methods of mucosal, i.e., oral, 
nasal, rectal, vaginal, or bronchial, vaccination involving 
administering to a subject in need of vaccination an effective 
amount of a composition of the invention, Wherein the 
effector includes an antigen to Which vaccination is desired. 
In one embodiment, the effector can be a protective antigen 
(PA) for use in a vaccine against Anthrax. In another 
embodiment, the effector can be a Hepatitis B surface 
antigen (HBs) for use in a vaccine against Hepatitis B. 

[0041] The details of one or more embodiments of the 
invention have been set forth in the accompanying descrip 
tion beloW. Although any methods and materials similar or 
equivalent to those described herein can be used in the 
practice or testing of the present invention, the preferred 
methods and materials are noW described. Other features, 
objects, and advantages of the invention Will be apparent 
from the description and from the claims. In the speci?cation 
and the appended claims, the singular forms include plural 
referents unless the context clearly dictates otherWise. 
Unless de?ned otherWise, all technical and scienti?c terms 
used herein have the same meaning as commonly under 
stood by one of ordinary skill in the art to Which this 
invention belongs. All patents and publications cited in this 
speci?cation are incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 depicts the gradual and signi?cant drop in 
blood glucose levels as a result of using the penetration 
composition of the invention to translocate insulin across the 
intestine in rats. Preparations Were administered either i.m. 
or rectally, and blood glucose levels Were measured at 
various time intervals thereafter. 

[0043] FIG. 2 depicts the signi?cant concentrations of 
interferon alpha detected in the blood stream as a result of 
using the penetration composition of the invention to trans 
locate interferon alpha across the intestine in rats, in com 
parison With a control solution of interferon alpha in phos 
phate buffered saline. Preparations Were administered 
rectally, and serum samples Were collected at various time 
intervals thereafter. 

[0044] FIG. 3 depicts the signi?cant concentrations of 
interferon alpha detected in the blood stream as a result of 
using the penetration composition of the invention to trans 
locate interferon alpha across the nasal mucosa in rats. 
Preparations Were administered nasally, and serum samples 
Were collected at various time intervals thereafter. 

[0045] FIG. 4 depicts the attenuation of the response to an 
oral glucose challenge in rats, as a result of using the 
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penetration composition of the invention to translocate 
GLP-l across the intestine. Rats Were administered an oral 
glucose load and then preparations Were administered either 
i.p. or rectally, and also a control preparation Without GLP-1, 
and blood glucose levels Were measured at various time 
intervals thereafter. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] The present invention provides compositions for 
penetration that speci?cally target various tissues, especially 
those containing epithelial and endothelial cells, for the 
delivery of drugs and other therapeutic agents across a 
biological barrier. Existing transport systems knoWn in the 
art are too limited to be of general application, because they 
are inef?cient, they alter the biological properties of the 
active substance, they compromise the target cell, they 
irreversibly destroy the biological barrier and/or they pose 
too high of a risk to be used in human subjects. In one 
embodiment of the invention, the composition contains an 
impermeable effector in a Water soluble composition 
together With a membrane ?uidiZing agent. This complex 
can be optionally lyophiliZed and then immersed in a 
hydrophobic medium. The immersion of the Water soluble 
composition containing the at least one effector, or a lyo 
philiZate thereof, in the hydrophobic medium results in an 
intimate and unique association betWeen the effector and the 
penetration enhancing compounds, thereby enabling the 
once impermeable effector to efficiently translocate across a 
biological barrier. The compositions of the present invention 
can be de?ned by their ef?ciency, as they must enable 
translocation of at least 5% (but preferably 10% or even 
20%) of the at least one effector across an epithelial barrier. 
This efficiency is greater than that of other compositions 
knoWn in the art, Which typically enable translocation of 
only about 1-3% of the effector. 

[0047] The compositions of the instant invention selec 
tively alloW the translocation of the effector across the 
biological barrier. The hydrophobic medium serves as a 
shield, thereby preventing neighboring molecules, such as 
proteins, toxins, or other “bystander” molecules, from co 
translocating through the biological barrier With the at least 
one effector. 

[0048] In recent years, many neW drugs, peptide and 
protein therapeutics among them, have been developed and 
approved. Many others are in advanced stages of clinical 
testing. HoWever, the development of satisfactory delivery 
systems for these rapidly evolving therapeutic agents has not 
kept pace. These novel drugs have very loW gastrointestinal 
absorption rates and many of them have short in vivo 
half-lives, Which often necessitate their delivery by infu 
sions or frequent injections. 

[0049] Some success has been achieved With the use of 
nano- and microparticles to enhance oral bioavailability of 
poorly absorbed drugs or to induce mucosal immune 
response. See revieW by Delie in Adv. Drug Del. Rev, 
34:221-233 (1998). Nanoparticles can be made as colloidal 
polymeric drug carriers that hold promise for peroral drug 
delivery. These polymeric dosage forms offer the advantages 
of a sustained and continuous delivery to tissues, encapsu 
lation and protection against degradative enZymes, and 
enhance site-speci?c delivery. Macromolecules, such as 
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hormones, have been entrapped Within polymeric particles. 
See Jiao et al., Circulation, 105:230-235 (2002), for an 
evaluation of oral heparin-loaded polymeric nanoparticles. 

[0050] In the development of neW oral dosage forms, 
particular emphasis has been placed on the development of 
lipid-based systems. Much of the focus has been on the 
development of microemulsions as drug solubiliZation and 
absorption enhancement systems. See revieW by Constan 
tinides et al., in Pharm. Res., 11 (10):1385-1390 (1994). 

[0051] Commonly used microemulsions are thermody 
namically stable dispersions of one liquid phase into 
another, that involve a combination of at least three com 
ponents—oil, Water, and a surfactant. Both Water-in-oil 
(W/o) and oil-in-Water (o/W) microemulsions have been 
proposed to enhance the oral bioavailability of drugs. They 
offer improved drug solubiliZation and protection against 
enZymatic hydrolysis, as Well as the potential for enhanced 
absorption afforded by surfactant-induced membrane per 
meability changes. For example, the oral release and bioac 
tivity of insulin in Water-in-oil microemulsions is described 
by Watnasirichaikul et al., in J. Pharm. Pharm, 54:473-480 
(2002). 
[0052] As described above, the penetration compositions 
of this invention contains at least one effector in a Water 
soluble composition immersed in a hydrophobic medium, 
Which facilitates the effective translocation of the at least one 
effector across a biological barrier. Unlike emulsions, Where 
Water is an essential constituent of the formulation, the Water 
soluble composition, according to the present invention, can 
be dissolved either in Water or in a non-aqueous medium 

such as, for example, mono-alcohols, di-alcohols, or tri 
alcohols. Moreover, the Water soluble composition accord 
ing to the present invention can be totally evaporated, via 
lyophiliZation, prior to suspension in the hydrophobic 
medium. 

[0053] Additionally, unlike the Water-in-oil (W/o) and oil 
in-Water (o/W) microemulsions, Where the use of a surfactant 
is obligatory, the penetration compositions of this invention 
offers an oral delivery system Whereby the addition of a 
surface active agent is optional. 

[0054] Suitable hydrophobic mediums can contain, for 
example, aliphatic, cyclic, or aromatic molecules. Examples 
of a suitable aliphatic hydrophobic medium include, but are 
not limited to, mineral oil (e.g., para?in), fatty acids, mono 
glycerides, di-glycerides, tri-glycerides, ethers, and esters. 
Examples of tri-glycerides include, but are not limited to, 
long chain triglycerides, medium chain triglycerides, and 
short chain triglycerides. For example, the long chain trig 
lyceride can be castor oil, and the short chain triglyceride 
can be glyceryl tributyrate. Examples of a suitable cyclic 
hydrophobic medium include, but are not limited to, terpe 
noids, cholesterol, cholesterol derivatives (e.g., cholesterol 
sulfate), and cholesterol esters of fatty acids. Anon-limiting 
example of an aromatic hydrophobic medium includes ben 
Zyl benZoate. 

[0055] One example of a penetration composition contem 
plated by the instant invention includes insulin dissolved in 
Water, Which is then lyophiliZed and immersed in castor oil, 
or a combination of castor oil and medium chain triglycer 
ides (“MCT”) or glyceryl tributyrate. Membrane ?uidiZing 
agents, such as octanol and geraniol, for example, can also 
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be included Within the hydrophobic medium to further 
facilitate translocation of the effector. 

[0056] In a further embodiment, the compositions of this 
invention employ membrane ?uidiZing agents. For example, 
a membrane ?uidiZing agent may be a linear, branched, 
cyclical, or aromatic alcohol. Examples of suitable linear 
alcohols include, but are not limited to, butanol, pentanol, 
hexanol, heptanol, octanol, nonanol, decanol, undecanol, 
and dodecanol. Non-limiting examples of branched alcohols 
include geraniol and famesol. An example of a cyclical 
alcohol includes menthol. Examples of suitable aromatic 
alcohols can include benZyl alcohol, 4-hydroxycinnamic 
acid, and phenolic compounds. Examples of phenolic com 
pounds can include phenol, m-cresol, and m-chlorocresol. 

[0057] As described above, membrane ?uidiZing agents 
increase the ?uidity and decrease the order of lipids in 
biological membranes. This alteration of membrane dynam 
ics may be detected by the decrease in the steady state 
anisotropy of ?uorescent membrane probes, such as 1,6 
diphenyl-l,3,5-hexatriene. Normal alcohols, or n-alkanols, 
are knoWn membrane ?uidiZing agents. Due to their amphi 
pathic properties, they partition the membrane lipid bilayer 
With their hydroxyl moiety near the phospholipids polar 
headgroups, and their aliphatic chains intercalated among 
the fatty acyl chains of the phospholipids. Alkanols of 
increasing chain length penetrate the bilayer to increasing 
depths, and thus affect bilayer order and dynamics to a 
different extent. See Zavoico et al., Biochim. BiophysActa, 
812:299-312 (1985). 

[0058] Notably, the literature teaches aWay from using 
membrane ?uidiZing agents to enhance paracellular trans 
port, as no correlation is seen betWeen induction of mem 
brane ?uidity and the ability to enhance the paracellular 
route. See Ouyang et al., J. Med. Chem, 45:2857-2866 
(2002). 
[0059] In another embodiment, the compositions of this 
invention further contain a stabiliZer of protein structure. As 
described above, stabiliZers of protein structure are com 
pounds that stabiliZe protein structure under aqueous or 
non-aqueous conditions. Stabilizers of protein structure can 
be polyanionic molecules, such as phytic acid and sucrose 
octasulfate, or polycationic molecules, such as spermine. 
Uncharged polymers, such as polyniylpyrrolidone and poly 
vinyl alcohol, are also suitable stabiliZers. 

[0060] Phytic acid and its derivatives are biologically 
active compounds knoWn to bind several proteins With high 
a?inity. Phytic acid contains six phosphate residues attached 
to a cyclohexane ring, enabling it to bind several guani 
dinium groups of arginines. See for example Filikov et al., 
J. Comput. Aided M01. Des. 12:229-240 (1998). 

[0061] As described herein, amphipathic cationic or 
anionic counter ions of the invention can be utiliZed for 
enabling or facilitating effective translocation of at least one 
effector across biological barriers. Cationic counter ions of 
this invention are ions that are positively charged and in 
addition may include a hydrophobic moiety. Anionic counter 
ions of this invention are ions that are negatively charged 
and in addition may include a hydrophobic moiety. Under 
appropriate conditions, cationic or anionic counter ions can 
establish electrostatic interactions With anionic or cationic 
impermeable molecules, respectively. The formation of such 
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a complex can cause charge neutralization, thereby creating 
a neW uncharged entity, With further hydrophobic properties 
in case of an inherent hydrophobicity of the counter ion. 

[0062] The use of the penetration compositions described 
herein allows for high reproducibility, extensive and simple 
application for a Wide variety of therapeutic molecules, and 
alloWs for the potential for highly efficient delivery through 
biological barriers in an organism. Accordingly, these com 
positions have the potential to improve upon conventional 
transporters such as liposomes or viruses for the ef?cient 
delivery of many macromolecules, including nucleic acids. 
The methods of the present invention employ the use of an 
effector included in a Water soluble composition, Which is 
optionally lyophiliZed and subsequently immersed in a 
hydrophobic medium, to create penetration compositions 
that effectively transport macromolecules across biological 
barriers. 

[0063] The compositions of the present invention exhibit 
effective, non-invasive delivery of an unaltered biologically 
active substance (i.e., an effector) and thus, have many uses. 
For example, the compositions of the invention can be used 
in the treatment of diabetes. Insulin levels in the blood 
stream must be tightly regulated. The compositions of the 
invention can be used to deliver insulin, for example, across 
the mucosal epithelia, at a high yield. Other non-invasive 
insulin delivery methods, previously knoWn in the art, have 
typical yields of 1-4% and cause intolerable ?uctuations in 
the amount of insulin absorbed. Another treatment for 
elevated blood glucose levels involves the use of glucagon 
like peptide 1 (GLP-1). GLP-1 is a potent hormone, Which 
is endogenously secreted in the gastrointestinal tract upon 
food injection. GLP-1’s important physiological action is to 
augment the secretion of insulin in a glucose-dependant 
manner, thus alloWing for treatment of diabetic states. 

[0064] In addition, these compositions also can be used to 
treat conditions resulting from atherosclerosis and the for 
mation of thrombi and emboli such as myocardial infarction 
and cerebrovascular accidents. Speci?cally, the composi 
tions can be used to deliver heparin or loW molecular Weight 
heparin across the mucosal epithelia. Heparin is an estab 
lished effective and safe anticoagulant. HoWever, its thera 
peutic use is limited by the need for parenteral administra 
tion. Thus far, there has been limited success in the direction 
of increasing heparin absorption from the intestine, and a 
sustained systemic anticoagulant effect has not been 
achieved. 

[0065] The compositions of this invention can also be used 
to treat hematological diseases and de?ciency states that are 
amenable to administration of hcmatological groWth factors. 
For example, erythropoietin is a glycoprotein that stimulates 
red blood cell production. It is produced in the kidney and 
stimulates the division and differentiation of committed 
erythroid progenitors in the bone marroW. Endogenously, 
hypoxia and anemia generally increase the production of 
erythropoietin, Which in turn stimulates erythropoiesis. 
HoWever, in patients With chronic renal failure (CRF), 
production of erythropoietin is impaired. This erythropoietin 
de?ciency is the primary cause of their anemia. Recombi 
nant EPO stimulates erythropoiesis in anemic patients With 
CRF, including patients on dialysis, as Well as those Who do 
not require regular dialysis. Additional anemia states treated 
by EPO include Zidovudine-treated HIV-infected patients, 

Oct. 20, 2005 

and cancer patients on chemotherapy. Anemia observed in 
cancer patients may be related to the disease itself or the 
effect of concomitantly administered chemotherapeutic 
agents. 

[0066] Another Widespread cause of anemia is pernicious 
anemia, Which is caused by a lack of vitamin B12. The 
complex mechanism of vitamin B12 absorption in the gas 
trointestinal tract involves the secretion and binding to 
Intrinsic Factor. This process is abnormal in pernicious 
anemia patients, resulting in lack of vitamin B12 absorption 
and anemia. The penetration compositions of the invention 
can be used to deliver vitamin B12 across the mucosal 
epithelia at high yield. 

[0067] Colony stimulating factors are glycoproteins Which 
act on hematopoietic cells by binding to speci?c cell surface 
receptors and stimulating proliferation, differentiation, com 
mitment, and some end-cell functional activation. Granulo 
cyte-colony stimulation factor (G-CSF) regulates the pro 
duction of neutrophils Within the bone marroW and affects 
neutrophil progenitor proliferation, differentiation and 
selected end-cell functional activation, including enhanced 
phagocytic ability, priming of the cellular metabolism asso 
ciated With respiratory burst, antibody dependent killing, 
and the increased expression of some functions associated 
With cell surface antigens. In cancer patients, recombinant 
granulocyte-colony stimulating factor has been shoWn to be 
safe and effective in accelerating the recovery of neutrophil 
counts folloWing a variety of chemotherapy regimens, thus 
preventing haZardous infectious. G-CSF can also shorten 
bone marroW recovery When administered after bone mar 
roW transplantations. 

[0068] The compositions of this invention can also be used 
to administer monoclonal antibodies for different indica 
tions. For example, administration of antibodies that block 
the signal of tumor necrosis factor (TNF) can be used to treat 
pathologic in?ammatory processes such as rheumatoid 
arthritis (RA), polyarticular-course juvenile rheumatoid 
arthritis (JRA), as Well as the resulting joint pathology. 

[0069] Additionally, the compositions of this invention 
can be used to treat osteoporosis. It has recently been shoWn 
that intermittent exposure to parathyroid hormone (PTH), as 
occurs in recombinant PTH injections, results in an anabolic 
response, rather than the Well knoWn catabolic reaction 
induced by sustained exposure to elevated PTH levels, as 
seen in hyperparathyroidism. Thus, non invasive adminis 
tration of PTH may be bene?cial for increasing bone mass 
in various de?ciency states, including osteoporosis. See Fox, 
Curr. Opin. PharmacoL, 2:338-344 (2002). 

[0070] Currently, the delivery of effectors (e.g., the deliv 
ery of insulin, erythropoietin, or heparin to the blood stream) 
requires invasive techniques such as intravenous or intra 
muscular injections. One advantage of the compositions of 
this invention is that they can deliver such effectors across 
biological barriers through non-invasive administration, 
including, for example oral, buccal, nasal, rectal, inhalation, 
insuf?ation, transdermal, or depository. In addition, a further 
advantage of the compositions of the invention is that they 
might be able to cross the blood-brain barrier, thereby 
delivering effectors to the central nervous system (CNS). 

[0071] Compositions of this invention facilitate the effec 
tive passage, translocation, or penetration of a substance 
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(e.g., an effector) across a biological barrier, particularly 
through or between cells sealed by tight junctions. Translo 
cation may be detected and quanti?ed by any method knoWn 
to those skilled in the art, including using imaging com 
pounds such as radioactive tagging and/or ?uorescent probes 
or dyes incorporated into a hydrophobic composition in 
conjunction With a paracytosis assay as described in, for 
example, Schilfgaarde, et al., Infect. and Immun, 
68(8):4616-23 (2000). Generally, a paracytosis assay is 
performed by: a) incubating a cell layer With a composition 
described by this invention; b) making cross sections of the 
cell layers; and c) detecting the presence of the effectors, or 
any other component of the compositions of this invention. 
The detection step may be carried out by incubating the ?xed 
cell sections With labeled antibodies directed to a component 
of the compositions of this invention, folloWed by detection 
of an immunological reaction betWeen the component and 
the labeled antibody. Alternatively, a component of the 
compositions may be labeled using a radioactive label, or a 
?uorescent label, or a dye in order to directly visualiZe the 
paracellular location of the component. Further, a bioassay 
can be used to monitor the compositions’ translocation. For 
example, using a bioactive molecule such as insulin, 
included in a composition, the drop in blood glucose level 
can be measured. 

[0072] “Effective translocation” or “efficient tranlsoca 
tion” as used herein means that introduction of the compo 

sition to a biological barrier results in at least 5%, but 
preferably at least 10%, and even more preferably at least 
20%, translocation of the effector across the biological 
barrier. 

[0073] As used herein, the term “effector” refers to any 
impermeable molecule or compound serving as, for 
example, a biological, therapeutic, pharmaceutical, or diag 
nostic agent. An anionic impermeable molecule can consist 
of nucleic acids (ribonucleic acid, deoxyribonucleic acid) 
from various origins, and particularly from human, viral, 
animal, eukaryotic or prokaryotic, plant, or synthetic origin, 
etc. A nucleic acid of interest may be of a variety of siZes, 
ranging from, for example, a simple trace nucleotide to a 
genome fragment, or an entire genome. It may be a viral 

genome or a plasmid. 

[0074] Alternatively, the effector of interest can also be a 
protein, such as, for example, an enZyme, a hormone, an 
incretin, a glycosaminoglycan, a cytokine, an apolipopro 
tein, a groWth factor, a bioactive molecule, an antigen, or an 
antibody, etc. Glycosaminoglycans include, but are not 
limited to, heparin, heparin derivatives, heparan sulfate, 
chondroitin sulfate, dermatan sulfate, and hyaluronic acid. 
Examples of heparin derivatives include, but are not limited 
to, loW molecular Weight heparins such as enoxaparin, 
dalteparin, tinZaparin, and fondaparinux. As used herein, the 
term “bioactive molecule” refers to those compounds that 
have an effect on or elicit a response from living cells, 

tissues, or the organism as a Whole. A non-limiting example 
of a bioactive molecule is a protein. Other examples of the 
bioactive molecule include, but are not limited to insulin, 
erythropoietin (EPO), glucagon-like peptide 1 (GLP-l), 
melanocyte stimulating hormone (otMSH), parathyroid hor 
mone (PTH), parathyroid hormone amino acids 1-34 
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(PTH(1-34)), groWth hormone, peptide YY amino acids 
3-36 (PYY(3-36)), calcitonin, interleukin-2 (IL-2), otl-an 
titrypsin, granulocyte/monocyte colony stimulating factor 
(GM-CSF), granulocyte colony stimulating factor (G-CSF), 
T20, anti-TNF antibodies, interferon 0t, interferon [3, inter 
feron y, luteiniZing hormone (LH), follicle-stimulating hor 
mone (FSH), enkephalin, dalargin, kyotorphin, basic ?bro 
blast groWth factor (bFGF), hirudin, hirulog, luteiniZing 
hormone releasing hormone (LHRH) analog, brain-derived 
natriuretic peptide (BNP), glatiramer acetate, and neu 
rotrophic factors. 

[0075] Furthermore, the effector can be a pharmaceuti 
cally active agent, such as, for example, a toxin, a thera 
peutic agent, or an antipathogenic agent, such as an antibi 

otic, an antiviral, an antifungal, or an anti-parasitic agent. 
The effector of interest can itself be directly active or can be 

activated in situ by the composition, by a distinct substance, 
or by environmental conditions. Examples of suitable phar 
maceutically active agents include vitamin B12, a bisphos 
phonate, taxol, Caspofungin, or an aminoglycoside antibi 
otic. 

[0076] The terms “pharmaceutically active agent” and 
“therapeutic agent” are used interchangeably herein to refer 
to a chemical material or compound, Which, When admin 
istered to an organism, induces a detectable pharmacologic 
and/or physiologic effect. 

[0077] The compositions according to the present inven 
tion are characteriZed by the fact that their penetration 
capacity is virtually independent of the nature of the effector 
that is included in it. 

[0078] “Counter ions” according to this invention can 
include also anionic or cationic amphipathic molecules, i.e., 
those having both polar and nonpolar domains, or both 
hydrophilic and hydrophobic properties. Anionic or cationic 
counter ions of this invention are ions that are negatively 

(anionic) or positively (cationic) charged and can include a 
hydrophobic moiety. Under appropriate conditions, anionic 
or cationic counter ions can establish electrostatic interac 

tions With cationic or anionic impermeable molecules, 
respectively. The formation of such a complex can cause 

charge neutraliZation, thereby creating a neW uncharged 
entity, With further hydrophobic properties in case of an 
inherent hydrophobicity of the counter ion. 

[0079] Suitable anionic counter ions are ions With nega 
tively charged residues such as carboxylate, sulfonate or 
phosphonate anions, and can further contain a hydrophobic 
moiety. Examples of such anionic counter ions include 
sodium dodecyl sulphate, dioctyl sulfosuccinate and other 
anionic compounds derived from organic acids. 

[0080] Ionic liquids are salts composed of cations such as 
imidaZolium ions, pyridinium ions and anions such as B134“, 
PF; and are liquid at relatively loW temperatures. Ionic 
liquids are characteristically in liquid state over extended 
temperature ranges, and have high ionic conductivity. When 
an ionic liquid is used as a reaction solvent, the solute is 
solvated by ions only, thus creating a totally different 
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environment from that When Water or ordinary organic 
solvents are used. This enables high selectivity, applications 
of Which are steadily expanding. 

[0081] Suitable cationic counter ions include quaternary 
amine derivatives, such as benZalkonium derivatives or 

other quaternary amines, Which can be substituted by hydro 
phobic residues. In general, quaternary amines contemplated 
by the invention have the structure: 1-R1-2-R2-3-R3-4-R4 
N, Wherein R1, 2, 3, or 4 are alkyl or aryl derivatives. 
Further, quaternary amines can be ionic liquid forming 
cations, such as imidaZolium derivatives, pyridinium deriva 
tives, phosphonium compounds or tetralkylammonium com 
pounds. 

[0082] For example, imidaZolium derivatives have the 
general structure of 1-R1-3-R2-imidaZolium Where R1 and 
R2 can be linear or branched alkyls With 1 to 12 carbons. 
Such imidaZolium derivatives can be further substituted for 

example by halogens or an alkyl group. Speci?c imidaZo 
lium derivatives include, but are not limited to, 1-ethyl-3 
methylimidaZolium, 1-butyl-3-methylimidaZolium, 
1-hexyl-3-methylimidaZolium, 1-methyl-3-octylimidaZo 
lium, 1-methyl-3-(3,3,4,4,5,5,6,6,7,7,8,8,8-trideca?uoroc 
tyl)-imidaZolium, 1,3-dimethylimidaZolium, and 1,2-dim 
ethyl-3-propylimidaZolium. 

[0083] Pyridinium derivatives have the general structure 
of 1-R1-3-R2-pyridinium Where R1 is a linear or branched 

alkyl With 1 to 12 carbons, and R2 is H or a linear or 
branched alkyl With 1 to 12 carbons. Such pyridinium 
derivatives can be further substituted for example by halo 
gens or an alkyl group. Pyridinium derivatives include, but 
are not limited to, 3-methyl-1-propylpyridinium, 1-butyl-3 
methylpyridinium, and 1-butyl-4-methylpyridinium. 

[0084] The penetration compositions of this invention can 
further comprise a surface active agent. As described above, 
suitable surface active agents include ionic and non-ionic 
detergents. Examples of ionic detergents are fatty acid salts, 
lecithin, and bile salts. Examples of fatty acid salts are 
sodium octanoate, sodium decanoate, and sodium dode 
canoate. Examples of non-ionic detergents include cremo 
phore, a polyethylene glycol fatty alcohol ether, a sorbitan 
fatty acid ester, Solutol HS15, or a poloxamer. Examples of 
sorbitan fatty acid esters include sorbitan monolaurate, sor 
bitan monooleate, and sorbitan monopalmitate. 

[0085] The penetration compositions of this invention 
may also contain adhesive polymers such as methylcellu 
lose, ethylcellulose, hydroxypropylmethylcellulose 
(HPMC), or carbopol. Such adhesive polymers may assist in 
the consolidation of the formulation and/or help its adher 
ence to mucosal surfaces. Additionally, the penetration com 
positions of this invention may also contain a monoglycer 
ide. Examples of monoglycerides include glyceryl 
monooctanoate, glyceryl monodecanoate, glyceryl mono 
laurate, glyceryl monomyristate, glyceryl monostearate, 
glyceryl monopalmitate, and glyceryl monooleate. 

[0086] The penetration compositions of this invention 
may further comprise a protective agent. An example of a 
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protective agent is a protease inhibitor. Suitable protease 
inhibitors that can be added to the penetration composition 
are described in Bernkop-Schnurch et al., J. Control. 
Release, 5211-16 (1998). These include, for example, inhibi 
tors of luminally secreted proteases, such as aprotinin, 
BoWman-Birk inhibitor, soybean trypsin inhibitor, chicken 
ovomucoid, chicken ovoinhibitor, human pancreatic trypsin 
inhibitor, camostate mesilate, ?avonoid inhibitors, antipain, 
leupeptin, p-aminobenZamidine, AEBSF, TLCK, APMSF, 
DFP, PMSF, poly(acrylate) derivatives, chymostatin, ben 
Zyloxycarbonyl-Pro-Phe-CHO, FK-448, sugar biphenylbo 
ronic acids complexes, [3-phenylpropionate, elastatinal, 
methoxysuccinyl-Ala-Ala-Pro-Val-chloromethylketone 
(MPCMK), EDTA, and chitosan-EDTA conjugates. These 
also include inhibitors of membrane bound proteases, such 
as amino acids, di- and tripeptides, amastatin, bestatin, 
puromycin, bacitracin, phosphinic acid dipeptide analogues, 
ot-aminoboronic acid derivatives, Na-glycocholate, 1,10 
phenantroline, acivicin, L-serine-borate, thiorphan, and 
phosphoramidon. 
[0087] Also included in the invention are methods of 
producing the compositions described herein. For example, 
in one embodiment the effector can be dissolved or sus 

pended in a hydrophilic or partially hydrophilic solvent that 
is further immersed in a hydrophobic medium With a mem 

brane ?uidiZing agent, thereby producing a composition 
contemplated by the invention. Alternatively, the effector, or 
any combination of effector and protein stabiliZers forming 
the Water soluble composition can be lyophiliZed together 
and then suspended With a membrane ?uidiZing agent in a 
hydrophobic medium. Other components of the composition 
can also be optionally lyophiliZed or added during recon 
stitution of the lyophiliZed materials. 

[0088] It is Well knoWn to those skilled in the art that 
proteins can be further chemically modi?ed to enhance the 
protein half-life in circulation. By Way of non-limiting 
example, polyethylene glycol (PEG) residues can be 
attached to the effectors of the invention. Conjugating bio 
molecules With PEG, a process knoWn as pegylation, is an 
established method for increasing the circulating half-life of 
proteins. Polyethylene glycols are nontoxic Water-soluble 
polymers that, because of their large hydrodynamic volume, 
create a shield around the pegylated molecule, thereby 
protecting it from renal clearance, enZymatic degradation, as 
Well as recognition by cells of the immune system. 

[0089] Agent-speci?c pegylation methods have been used 
in recent years to produce pegylated molecules (e.g., drugs, 
proteins, agents, enZymes, etc.) that have biological activity 
that is the same as, or greater than, that of the “parent” 
molecule. These agents have distinct in vivo pharmacoki 
netic and pharmacodynamic properties, as exempli?ed by 
the self-regulated clearance of peg?lgrastim, the prolonged 
absorption half-life of pegylated interferon alpha-2a. Pegy 
lated molecules have dosing schedules that are more con 

venient and more acceptable to patients, Which can have a 
bene?cial effect on the quality of life of patients. (See e.g., 
YoWell S. L. et al., Cancer Treat Rev 28 Suppl. Az3-6 (April 

2002)). 
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[0090] The invention also includes methods of contacting 
biological barriers With compositions of the invention in an 
amount sufficient to enable ef?cient penetration through the 
barrier. The composition of this invention can be provided in 
vitro, ex vivo, or in vivo. Furthermore, the compositions 
according to this invention may be capable of improving the 
biological activity of the included substance. Therefore, 
another purpose of this invention is a method of using 
compositions to increase the biological activity of the effec 
tor. 

[0091] In addition to the effector of the penetration com 
position, the invention also provides a pharmaceutically 
acceptable base or acid addition salt, hydrate, ester, solvate, 
prodrug, metabolite, stereoisomer, or mixture thereof. The 
invention also includes pharmaceutical formulations com 
prising penetration compositions in association With a phar 
maceutically acceptable carrier, diluent, protease inhibitor, 
surface active agent, or excipient. Asurface active agent can 
include, for example, poloxamers, Solutol H515, cremo 
phore, phospholipids, or bile acids/salts. 

[0092] Salts encompassed Within the term “pharmaceuti 
cally acceptable salts” refer to non-toxic salts of the com 
pounds of this invention, Which are generally prepared by 
reacting the free base With a suitable organic or inorganic 
acid or solvent to produce “pharmaceutically-acceptable 
acid addition salts” of the compounds described herein. 
These compounds retain the biological effectiveness and 
properties of the free bases. Representative examples of such 
salts include the Water-soluble and Water-insoluble salts, 
such as the acetate, amsonate (4,4-diaminostilbene-2,2‘ 
disulfonate), benZenesulfonate, benZoate, bicarbonate, 
bisulfate, bitartrate, borate, bromide, butyrate, calcium ede 
tate, camsylate, carbonate, chloride, citrate, clavulariate, 
dihydrochloride, edetate, edisylate, estolate, esylate, fuma 
rate, gluceptate, gluconate, glutamate, glycollylarsanilate, 
hexa?uorophosphate, hexylresorcinate, hydrabamine, 
hydrobromide, hydrochloride, hydroxynaphthoate, iodide, 
isothionate, lactate, lactobionate, laurate, malate, maleate, 
mandelate, mesylate, methylbromide, methylnitrate, meth 
ylsulfate, mucate, napsylate, nitrate, N-methylglucamine 
ammonium salt, 3-hydroxy-2-naphthoate, oleate, oxalate, 
palmitate, pamoate (1,1-methylene-bis-2-hydroxy-3-naph 
thoate, embonate), pantothenate, phosphate/diphosphate, 
picrate, polygalacturonate, propionate, p-toluenesulfonate, 
salicylate, stearate, subacetate, succinate, sulfate, sulfosali 
culate, suramate, tannate, tartrate, teoclate, tosylate, triethio 
dide, and valerate salts. 

[0093] According to the methods of the invention, a 
patient, i.e., a human or an animal, can be treated With a 
pharmacologically or therapeutically effective amount of a 
composition of this invention. As used herein the term 
“pharmacologically or therapeutically effective amount” 
means that amount of a drug or pharmaceutical agent (the 
effector) that Will elicit the biological or medical response of 
a tissue, system, animal or human that is being sought by a 
researcher or clinician. 

[0094] The invention also includes pharmaceutical com 
positions suitable for introducing an effector of interest 
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across a biological barrier. The compositions are preferably 
suitable for internal use and include an effective amount of 
a pharmacologically active compound of the invention, 
alone or in combination, With one or more pharmaceutically 
acceptable carriers. The compounds are especially useful in 
that they have very loW, if any, toxicity. 

[0095] Preferred pharmaceutical compositions are tablets 
and gelatin or hydroxypropylmethylcellulose (“HPMC”) 
capsules, enteric coated, comprising the active ingredient 
together With a) diluents, e.g., lactose, dextrose, sucrose, 
mannitol, sorbitol, cellulose and/or glycine; b) protease 
inhibitors including, but not limited to, aprotinin, BoWman 
Birk inhibitor, soybean trypsin inhibitor, chicken ovomu 
coid, chicken ovoinhibitor, human pancreatic trypsin inhibi 
tor, camostate mesilate, ?avonoid inhibitors, antipain, 
leupeptin, p-aminobenZamidine, AEBSF, TLCK, APMSF, 
DFP, PMSF, poly(acrylate) derivatives, chymostatin, ben 
Zyloxycarbonyl-Pro-Phe-CHO; FK-448, sugar biphenylbo 
ronic acids complexes, [3-phenylpropionate, elastatinal, 
methoxysuccinyl-Ala-Ala-Pro-Val-chloromethylketone 
(“MPCMK”), EDTA, chitosan-EDTA conjugates, amino 
acids, di-peptides, tripeptides, amastatin, bestatin, puromy 
cin, bacitracin, phosphinic acid dipeptide analogues, ot-ami 
noboronic acid derivatives, Na-glycocholate, 1,10-phenant 
roline, acivicin, L-serine-borate, thiorphan, and 
phosphoramidon; c) lubricants, e.g., silica, talcum, stearic 
acid, its magnesium or calcium salt, poloxamer and/or 
polyethyleneglycol; for tablets also d) binders, e.g., magne 
sium aluminum silicate, starch paste, gelatin, tragacanth, 
methylcellulose, sodium carboxymethylcellulose and/or 
polyvinylpyrrolidone; if desired e) disintegrants, e.g., 
starches, agar, alginic acid or its sodium salt, or effervescent 
mixtures; and/or f) absorbents, colorants, ?avors and sWeet 
eners. The compositions may be steriliZed and/or contain 
adjuvants, such as preserving, stabiliZing, Wetting or emul 
sifying agents, solution promoters, salts for regulating the 
osmotic pressure and/or buffers. In addition, they may also 
contain other therapeutically valuable substances. The com 
positions are prepared according to conventional mixing, 
granulating or coating methods, respectively, and contain 
about 0.001 to 75%, preferably about 0.01 to 10%, of the 
active ingredient. 

[0096] Administration of the active compounds and salts 
described herein can be via any of the accepted modes of 
administration for therapeutic agents. These methods 
include oral, buccal, anal, rectal, bronchial, pulmonary, 
nasal, sublingual, intraorbital, parenteral, transdermal, or 
topical administration modes. As used herein “parenteral” 
refers to injections given through some other route than the 
alimentary canal, such as subcutaneously, intramuscularly, 
intraorbitally (i.e., into the eye socket or behind the eyeball), 
intracapsularly, intraspinally, intrasternally, or intrave 
nously. 

[0097] Depending on the intended mode of administration, 
the compositions may be in solid, semi-solid or liquid 
dosage form, such as, for example, tablets, emulsions, 
creams, ointments, suppositories, pills, time-release cap 
sules, poWders, liquids, suspensions, spray, aerosol or the 
like, preferably in unit dosages. The compositions Will 
include an effective amount of active compound or the 
pharmaceutically acceptable salt thereof, and in addition, 
may also include any conventional pharmaceutical excipi 
ents and other medicinal or pharmaceutical drugs or agents, 
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carriers, adjuvants, diluents, protease inhibitors, etc., as are 
customarily used in the pharmaceutical sciences. 

[0098] For solid compositions, excipients include pharma 
ceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose, 
sucrose, magnesium carbonate, and the like may be used. 
The active compound de?ned above, may be also formu 
lated as suppositories using for example, polyalkylene gly 
cols, for example, propylene glycol, as the carrier. 

[0099] Liquid compositions can, for example, be prepared 
by dissolving, dispersing, emulsifying, etc. The active com 
pound is dissolved in or mixed With a pharmaceutically pure 
solvent such as, for example, Water, saline, aqueous dex 
trose, glycerol, propylene glycol, ethanol, and the like, to 
thereby form the solution or suspension. 

[0100] If desired, the pharmaceutical composition to be 
administered may also contain minor amounts of non-toxic 
auxiliary substances such as Wetting or emulsifying agents, 
pH buffering agents, and other substances such as for 
example, sodium acetate, triethanolamine oleate, etc. 

[0101] Those skilled in the art Will recogniZe that the 
penetration compositions of the present invention can also 
be used for mucosal vaccination, i.e., oral, nasal, rectal, 
vaginal, or bronchial, vaccine having an antigen, to Which 
vaccination is desired, serve as the effector. Such a vaccine 
can include a composition including a desired antigenic 
sequence, including, but not limited to, the protective anti 
gen (PA) component of Anthrax, or the Hepatitis B surface 
antigen (HBs) of Hepatitis B. This composition can then be 
orally or nasally administered to a subject in need of 
vaccination. The composition for mucosal vaccination can 
be administered to humans and also to other animals. These 
are referred to in general as “subjects” or “patients”. Such 
animals include farm animals such as cattle, sheep, goats, 
horses, chickens, and also cats, dogs, and any other animal 
in veterinary care. 

[0102] An “antigen” is a molecule or a portion of a 
molecule capable of stimulating an immune response, Which 
is additionally capable of inducing an animal or human to 
produce antibody capable of binding to an epitope of that 
antigen. An “epitope” is that portion of any molecule 
capable of being recogniZed by and bound by a major 
histocompatibility complex (“MHC”) molecule and recog 
niZed by a T cell or bound by an antibody. Atypical antigen 
can have one or more than one epitope. The speci?c recog 
nition indicates that the antigen Will react, in a highly 
selective manner, With its corresponding MHC and T cell, or 
antibody and not With the multitude of other antibodies that 
can be evoked by other antigens. 

[0103] A peptide is “immunologically reactive” With a T 
cell or antibody When it binds to an MHC and is recogniZed 
by a T cell or binds to an antibody due to recognition (or the 
precise ?t) of a speci?c epitope contained Within the peptide. 
Immunological reactivity can be determined by measuring T 
cell response in vitro or by antibody binding, more particu 
larly by the kinetics of antibody binding, or by competition 
in binding using knoWn peptides containing an epitope 
against Which the antibody or T cell response is directed, as 
competitors. 

[0104] Techniques used to determine Whether a peptide is 
immunologically reactive With a T cell or With an antibody 
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are knoWn in the art. Peptides can be screened for ef?cacy 
by in vitro and in vivo assays. Such assays employ immu 
niZation of an animal, e.g., a mouse, a rabbit or a primate, 
With the peptide, and evaluation of the resulting antibody 
titers. 

[0105] Also included Within the invention are vaccines 
that can elicit the production of secretory antibodies (IgA) 
against the corresponding antigen, as such antibodies serve 
as the ?rst line of defense against a variety of pathogens. 
Mucosal vaccination, Which has the advantage of being a 
non-invasive route of administration, and is the preferred 
means of immuniZation for obtaining secretory antibodies, 
although the vaccination can be administered in a variety of 
Ways, e.g., orally, topically, or parenterally, i.e., subcutane 
ously, intraperitoneally, by viral infection, intravascularly, 
etc. 

[0106] The compositions of the present invention can be 
administered in oral dosage forms such as tablets, capsules 
(each including timed release and sustained release formu 
lations), pills, poWders, granules, elixirs, tinctures, suspen 
sions, syrups, creams, sprays and emulsions. The composi 
tions of the present invention can also be administered in 
nasal dosage forms such as sprays, gels, emulsions or 
creams. 

[0107] The dosage regimen utiliZing the compounds is 
selected in accordance With a variety of factors including 
type, species, age, Weight, sex and medical condition of the 
patient; the severity of the condition to be treated; the route 
of administration; the renal and hepatic function of the 
patient; and the particular compound or salt thereof 
employed. An ordinarily skilled physician or veterinarian 
can readily determine and prescribe the effective amount of 
the drug required to prevent, counter or arrest the progress 
of the condition. 

[0108] Oral dosages of the present invention, When used 
for the indicated effects, may be provided in the form of 
scored tablets or capsules containing 0.001, 0.0025, 0.005, 
0.01, 0.025, 0.05, 0.1, 0.25, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 
25.0, 50.0, 100.0, 250.0, 500.0 or 1000.0 mg of active 
ingredient. 

[0109] Compounds of the present invention may be 
administered in a single daily dose, or the total daily dosage 
may be administered in divided doses of tWo, three or four 
times daily. Furthermore, preferred compounds for the 
present invention can be administered in buccal form via 
topical use of suitable buccal vehicles, bronchial form via 
suitable aerosols or inhalants, intranasal form via topical use 
of suitable intranasal vehicles, or via transdermal routes, 
using those forms of transdermal skin patches Well knoWn to 
those of ordinary skill in that art. To be administered in the 
form of a transdermal delivery system, the dosage admin 
istration Will, of course, be continuous rather than intermit 
tent throughout the dosage regimen. Other preferred topical 
preparations include creams, ointments, lotions, aerosol 
sprays and gels, Wherein the concentration of active ingre 
dient Would range from 0.001% to 50%, W/W or W/v. 

[0110] The compounds herein described in detail can form 
the active ingredient, and are typically administered in 
admixture With suitable pharmaceutical diluents, excipients 
or carriers (collectively referred to herein as “carrier” mate 
rials) suitably selected With respect to the intended form of 
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administration, that is, oral tablets, capsules, elixirs, syrups 
and the like, and consistent With conventional pharmaceu 
tical practices. 

[0111] For instance, for oral administration in the form of 
a tablet or capsule, the active drug component can be 
combined With an oral, non-toxic pharmaceutically accept 
able inert carrier such as ethanol, propylene glycol, glycerol, 
Water and the like. Moreover, When desired or necessary, 

suitable binders, lubricants, protease inhibitors, disintegrat 
ing agents and coloring agents can also be incorporated into 
the mixture. Suitable binders include starch, gelatin, natural 
sugars such as glucose or beta-lactose, corn sWeeteners, 
natural and synthetic gums such as acacia, tragacanth or 
sodium alginate, carboxymethylcellulose, poloxamer, poly 
ethylene glycol, Waxes and the like. Lubricants used in these 
dosage forms include sodium oleate, sodium stearate, mag 
nesium stearate, sodium benZoate, sodium acetate, sodium 
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EXAMPLES 

Example 1 

UtiliZation of Compositions of the Instant Invention 
to Enable the Effective Translocation of Insulin 

Across an Epithelial Barrier 

[0115] a) Measurement of Blood Glucose Levels in Rats: 

[0116] A composition contemplated by the instant inven 
tion Was prepared by dissolving human insulin With sper 
mine and phytic acid in double distilled Water (“DDW”) 
containing NaOH. The solution Was then lyophiliZed and 
suspended With sodium dodecanoate (SD), octanol and 
geraniol in a mixture of mineral oil, medium chain triglyc 
eride (MCT) oil and castor oil. Components and concentra 
tions are detailed in Table 1. 

TABLE 1 

Composition for insulin translocation 

h-Insulin in 10% SD Mineral oil: 

7 mM NaOH Spermine Phytic acid in Octanol: MCT: 

in DDW (50 mg/ml in (50 mg/ml Lyoph- Propylene Geraniol Castor oil Soni- Insulin 

(pH 9.0) DDW) in DDW) ilization Glycol 1:1 1:1:1 cation concentration 

1 mg/ 0.5 mg 0.25 mg 90 #1 90 #1 820 #1 30H 1 mg/ml 

985 #1 (10 ,ul) (5 ,ul) 

chloride and the like. Disintegrators include, Without limi 
tation, starch, methylcellulose, agar, bentonite, xanthan gum 
and the like. 

[0112] The compounds of the present invention may also 
be coupled With soluble polymers as targetable drug carriers. 
Such polymers can include polyvinylpyrrolidone, pyran 
copolymer, polyhydroxypropyl-methacrylamide-phenol, 
polyhydroxyethylaspanamidephenol, or polyethyleneoxide 
polylysine substituted With palmitoyl residues. Furthermore, 
the compounds of the present invention may be coupled to 
a class of biodegradable polymers useful in achieving con 
trolled release of a drug, for example, polylactic acid, 
polyepsilon caprolactone, polyhydroxy butyric acid, poly 
orthoesters, polyacetals, polydihydropyrans, polycy 
anoacrylates and cross-linked or amphipathic block copoly 
mers of hydrogels. 

[0113] Any of the above compositions may contain 0.001 
99%, preferably 0.01-50% of the active compounds as active 
ingredients. 

[0114] The folloWing EXAMPLES are presented in order 
to more fully illustrate the preferred embodiments of the 
invention. These EXAMPLES should in no Way be con 

strued as limiting the scope of the invention, as de?ned by 
the appended claims. 

[0117] Eight male SD rats, 175-200 gr, Were deprived of 
food, 18 hours prior to the experiment. The animals Were 
divided into 2 groups, and anesthetiZed by a solution of 85% 

ketamine, 15% xylaZine, 0.1 ml/100 g of body Weight. Each 
preparation Was administered either i.m. (100 ul/rat, con 

taining 1.11 IU insulin) or rectally (100 ul/rat, containing 2.8 
IU insulin). Rectal administration Was done by gently insert 
ing through the rectal ori?ce a plastic canule protected by a 
soft coating, to a depth of 2 cm. Blood glucose levels Were 

measured at various time intervals post administration, in 
blood samples draWn from the tip of the tail. (See FIG. 1). 

[0118] As can be seen in FIG. 1, after the composition Was 
administered rectally, glucose levels dropped gradually and 
signi?cantly, indicating insulin absorption from the intestine 
into the blood stream. 

[0119] b) Measurement of Serum Insulin Levels in Rats: 

[0120] The composition Was prepared by dissolving 
human insulin With spernine and phytic acid in DDW 
containing NaOH. The solution Was then lyophiliZed and 
suspended With sodium dodecanoate (SD), octanol and 
geraniol in a mixture of mineral oil, medium chain triglyc 
eride (MCT) oil and castor oil. Components and concentra 
tions are detailed in Table 2. 
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TABLE 2 
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Composition for insulin translocation 

h-Insulin in 10% SD Mineral oil: 
7 mM NaOH Spermine Phytic acid in Octanol: MCT: 

in DDW (50 mg/ml (50 mg/ml in Lyoph- Propylene Geraniol Castor oil Soni- Insulin 
(pH 9.0) in DDW) DDW) iliZation Glycol 1:1 1:1:1 cation concentration 

1 mg/ 0.5 mg 0.25 mg 90 #1 90 #1 820 #1 30H 1 mg/ml 
985 #1 (10 ,ul) (5 ,ul) 

[0121] Eight male SD rats, 175-200 gr, Were deprived of 
food, 18 hours prior to the experiment. The animals Were 
divided into 2 groups, and anesthetized by a solution of 85% 
ketamine, 15% XylaZine, 0.1 ml/100 g of body Weight. Each 
preparation Was administered either i.m. (100 ul/rat, con 
taining 1.11 IU insulin) or rectally (100 ul/rat, containing 2.8 
IU insulin). Rectal administration Was done by gently insert 
ing through the rectal ori?ce a plastic canule protected by a 
soft coating, to a depth of 2 cm. Blood glucose levels Were 
measured at various time intervals post administration, in 
blood samples draWn from the tip of the tail. Additionally, an 
insulin radioimmunoassay Was performed to assess insulin 
levels in the serum. (See Table 3). 

TABLE 3 

[0122] Blood glucose levels decrease in relation to the 
amount of insulin absorbed from the intestine into the 
bloodstream (i.e., in an amount that correlates to the amount 
of insulin absorbed). Thus, this drug delivery system can 
replace the need for insulin injections, thereby providing an 
ef?cient, safe and convenient route of administration for 
diabetes patients. 

[0123] c) Measurement of Blood Glucose and Serum 
Insulin Levels in Pigs: 

[0124] A composition Was prepared by dissolving human 
insulin With spermine and polyvinylpyrrolidone (PVP-40), 
sodium dodecanoate (SD) and methylcellulose (MC-400) in 

glucose (mg/dL) and insulin(‘uU), time post administration 

route of administration 0 5 10 20 30 45 60 90 

rat # 5 blood glucose (mg/dL) 75 84 78 56 49 21 18 23 

i.m. glucose (‘70) 100 112.00 104.00 74.67 65.33 28.00 24.00 30.67 

insulin, 25 ul 15.49 103.6 81.82 78.41 110.55 86.53 86.08 13.73 

rat # 6 blood glucose (mg/dL) 78 89 87 63 48 25 22 26 

i.m. glucose (‘70) 100 114.10 111.54 80.77 61.54 32.05 28.21 33.33 

insulin, 25 ul 19.37 63.22 80.98 42.75 41.31 49.25 58.54 57.51 

rat # 7 blood glucose (mg/dL) 84 90 81 56 39 18 18 18 

i.m. glucose (‘70) 100 107.14 96.43 66.67 46.43 21.43 21.43 21.43 

insulin, 25 ul 20.36 153.22 135.29 152.57 114.8 133.38 122.7 20.01 

rat # 8 blood glucose (mg/dL) 80 79 78 77 63 52 41 38 

i.m. glucose (‘70) 101 98.75 97.50 96.25 78.75 65.00 51.25 47.50 

insulin, 25 ul 7.17 32.37 31.98 28.49 19.37 19.16 19.52 18.31 

rat # 1 blood glucose (mg/dL) 74 85 77 61 43 34 28 42 

rectal glucose (‘70) 100 114.86 104.05 82.43 58.11 45.95 37.84 56.76 

insulin, 25 ul 14.08 119.41 118.49 46.99 25.79 26.36 20 10 

rat # 2 blood glucose (mg/dL) 60 82 73 57 41 32 24 36 

rectal glucose (‘70) 100 136.67 121.67 95.00 68.33 53.33 40.00 60.00 

insulin, 25 ul 10.42 99.71 88.98 48.39 35.3 30.32 46.069 19.48 

rat # 3 blood glucose (mg/dL) 67 83 81 64 39 30 37 54 

rectal glucose (‘70) 100 123.88 120.90 95.52 58.21 44.78 55.22 80.60 

insulin, 25 ul 19.3 83.38 114.59 32.9 24.56 21.69 13.87 14.63 

rat # 4 blood glucose (mg/dL) 63 78 75 61 46 23 18 23 

rectal glucose (‘70) 101 123.81 119.05 96.83 73.02 36.51 28.57 36.51 

insulin, 25 ul 12.98 141.25 210.18 92 53.04 37.29 40.78 16.14 
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DDW containing NaOH. The solution Was then lyophiliZed 
and suspended With octanol and geraniol in a mixture of 
medium chain triglyceride (MCT) oil and castor oil, further 
containing sorbitan monopalmitate (Span-40). Components 
and concentrations are detailed in Table 4. 

TABLE 4 
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[0126] As can be seen in Table 5, after the composition 
Was administered rectally, glucose levels dropped gradually 
and signi?cantly, alongside the rise in serum insulin levels, 
indicating insulin absorption from the intestine into the 
blood stream. 

Composition for insulin translocation 

h-Insulin in 1% Span-40 
7 mM NaOH Spermine PVP-40, 10% SD in Geraniol: in MCT: 
in DDW (pH (50 mg/ml (200 mg/ml Propylene 0.2% Lyoph- Octanol Castor oil Soni 

9.0) in DDW) in DDW) Glycol MC-400 ilization (1:1) (1:2) cation 

1 mg/ 0.5 mg 5 mg 9 mg 1 mg 100 #1 900 #1 30H 
985 #1 

[0125] Six female mini-pigs, 45-50 kg, Were deprived of 
food, 18 hours prior to the experiment. The animals Were 
divided into 2 groups, and anesthetiZed by a solution of 66% 
ketamine, 33% xylaZine, 0.3 ml/kg of body Weight. The 
superior vena cava Was canulated transdermally to facilitate 
blood collection. Each preparation Was administered either 
i.m. (0.22 IU/kg insulin) or rectally (1.1 IU/kg insulin). 
Rectal administration Was done by gently inserting through 
the rectal ori?ce a plastic syringe, to a depth of 2 cm. Blood 
glucose levels Were measured at various time intervals post 
administration, and an insulin radioimmunoassay Was per 
formed to assess insulin levels in the serum. (See Table 5). 

TABLE 5 

[0127] d) Measurement of Blood Glucose and Serum 
Insulin Levels in StreptoZotocin-Induced Diabetic Rats: 

[0128] The composition prepared by dissolving human 
insulin With spermine, polyvinylpyrrolidone (PVP-40), and 
sodium dodecanoate (SD) in DDW containing NaOH, 
octanol and geraniol. The solution Was then lyophiliZed and 
suspended With an additional amount of octanol and geraniol 
in a mixture of medium chain triglyceride (MCT) oil and 
castor oil further containing sorbitan monopalmitate (Span 
40), methylcellulose (MC-400), and glyceryl monooleate 
(GMO). Components and concentrations are detailed in 
Table 6. 

glucose (mg/dL) and insulinQlU), time post administration 

Pig # route of administration 0 5 10 20 30 45 60 90 

519 blood glucose (mg/dL) 87 82 84 71 64 55 48 39 

SCD, i.m. glucose (‘70) 100 94.25 96.55 81.61 73.56 63.22 55.17 44.83 

insulin, 100 111 14.74 34.95 36.9 31.57 32.81 41.09 32.07 36.71 

526 blood glucose (mg/dL) 47 47 40 30 22 18 18 18 

SCD, i.m. glucose (‘70) 100 100.00 85.11 63.83 46.81 38.30 38.30 38.30 

insulin, 100 111 31.56 65.51 84.88 54.93 61.47 57.62 52.83 48.07 

518 blood glucose (mg/dL) 54 55 52 48 38 31 21 22 

SCD, rectal glucose (‘70) 100 101.85 96.30 88.89 70.37 57.41 38.89 40.74 

insulin, 100 111 21.11 71.56 60.92 89.19 64.12 23.29 32.4 21.45 

520 blood glucose (mg/dL) 104 95 95 84 57 31 18 22 

SCD, rectal glucose (‘70) 100 91.35 91.35 80.77 54.81 29.81 17.31 21.15 

insulin, 100 111 8.99 170.96 124.38 189.6 166.58 76.96 68.06 24.67 

525 blood glucose (mg/dL) 73 77 75 51 32 20 18 24 

SCD, rectal glucose (‘70) 100 105.48 102.74 69.86 43.84 27.40 24.66 32.88 

insulin, 100 111 38.23 63.65 146.43 94.39 51.07 26.99 22.27 15.86 

527 blood glucose (mg/dL) 72 68 68 51 28 18 18 21 

SCD, rectal glucose (‘70) 100 94.44 94.44 70.83 38.89 25.00 25.00 29.17 

insulin, 100 111 11.83 60.06 116.63 95.79 42.2 27.03 25.85 25 
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TABLE 6 

Composition for insulin translocation 

h-Insulin 1% Span-40, 
in 7 mM PVP-40 2% GMO, 
NaOH in Spermine (200 mg/ 0.2% MC-400 in Insulin 
DDW (pH (50 mg/ml ml in 10% SD Lyoph- MCT:Castor Soni- concen 

9.0) in DDW) DDW) in DDW Geraniol Octanol iliZation Geraniol Octanol Oil 1:2 cation, tration 

4 mg/ 2 mg 20 mg 180 #1 20 #1 20 #1 150 #1 150 #1 700 #1 40H 4 
3 ml (40 #1) (100 #1) mg/ml 

[0129] Insulin-dependant diabetes Was induced by i.v. [0131] As can be seen in Table 7, after the composition 
injection of streptoZotocin (50 mg/kg) to the tail vein of six 
male SD rats, 200-250 gr. Diabetic state Was con?rmed by 
measurements of fasting blood glucose levels of 300-400 
mg/dL, 72 hrs after streptoZotocin injection. 

[0130] Five such diabetic rats Were deprived of food, 18 
hours prior to the experiment. The animals Were divided into 
2 groups, and anesthetized by a solution of 85% ketamine, 
15% xylaZine, 0.1 ml/100 g of body Weight. Each prepara 
tion Was administered either i.m. (100 ul/rat, containing 0.56 
IU insulin) or rectally (100 ul/rat, containing 11.2 IU insu 
lin). Rectal administration Was done by gently inserting 
through the rectal ori?ce a plastic canule protected by a soft 
coating, to a depth of 2 cm. Blood glucose levels Were 
measured at various time intervals post administration, in 
blood samples draWn from the tip of the tail. Additionally, an 
insulin radioimmunoassay Was performed to assess insulin 
levels in the serum. (See Table 7). 

TABLE 7 

Was administered rectally, glucose levels dropped gradually 
and signi?cantly, alongside the rise in serum insulin levels, 
indicating insulin absorption from the intestine into the 
blood stream. 

Example 2 

Utilization of Compositions of the Instant Invention 
to Enable the Effective Translocation of Heparin 

Across an Epithelial Barrier 

[0132] The composition used for this study Was prepared 
by dissolving human unfractionated heparin With spermine, 
and sodium dodecanoate in DDW containing NaOH. The 
solution Was then lyophiliZed and suspended With octanol 
and geraniol in a mixture of medium chain triglyceride 
(MCT) oil and castor oil further containing sorbitan mono 
palmitate (Span-40), methylcellulose (MC-400), glyceryl 

glucose (mg/dL) and insulin(‘uU), time post administration 

route of administration 0 5 10 20 

rat # 1 glucose (mg/dL) 242 270 223 205 

SCD, rectal glucose (%) 100 111.57 92.15 84.71 

insulin, 100 111 15.51 124.75 179.89 47.5 

rat # 2 glucose (mg/dL) 30 49 32 27 

SCD, rectal glucose (%) 100 163.33 106.67 90.00 

insulin, 100 111 23.47 242.59 492.25 664.44 

rat # 3 glucose (mg/dL) 437 411 411 398 

SCD, rectal glucose (%) 100 94.05 94.05 91.08 

insulin, 100 111 26.35 288.24 408.6 299.75 

rat # 4 glucose (mg/dL) 437 401 402 398 

SCD, i.m. glucose (%) 100 91.76 91.99 91.08 

insulin, 100 111 18.13 47.46 117.91 149.07 

rat # 5 glucose (mg/dL) 239 288 358 269 

SCD, i.m. glucose (%) 100 120.50 149.79 112.55 

insulin, 100 111 18.49 50.79 58.61 78.92 

30 45 60 

220 20 

90.91 0.00 8.26 

342.1 

32 23 20 

106.67 76.67 66.67 

668.93 1687.44 423.36 

378 377 358 

86.50 86.27 81.92 

597.4 387.62 593.73 

406 380 373 

92.91 86.96 85.35 

216.61 218.97 252.95 

306 323 299 

128.03 135.15 125.10 

113.47 52.93 116.72 
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monooleate, and pluronic (F-127). Components and concen 
trations are detailed in Table 8. 

TABLE 8 

Oct. 20, 2005 

Composition for heparin translocation 

1% Span-40, 2% GMO, 
1% Pluronic F-127, 

Lyophilization 
Heparin Spermine SD in7mM NaOH Geraniol Octanol 

0.2% MC-400 in 
MCT:Castor Oil 1:2 

10 mg 5 mg 180 #1 100 #1 100 #1 800 M1 

[0133] Five male CB6/F1 mice, 9-10 Wks, Were divided 
into 2 groups, and anesthetized by a solution of 85% 

ketamine, 15% XylaZine, 0.01 ml/ 10 g of body Weight. Each 
preparation Was administered either i.p. (100 ul/mouse, 
containing 0.2 mg heparin) or rectally (100 ul/mouse, con 
taining 1 mg heparin). Rectal administration Was done by 
gently inserting through the rectal ori?ce a plastic canule 
protected by a soft coating, to a depth of 1 cm. Clotting times 

Were measured at various time intervals post administration, 

in blood samples draWn from the tip of the tail into a glass 

capillary. (See Table 9). 

TABLE 9 

Clotting times following Heparin Administration to Mice 

route of clotting time (min), time post administration 

pH administration 0 5 15 30 45 60 90 

mouse # 1 1, i.p. 1 1 1 4 7 10 15 

mouse # 2 1, i.p. 1 6 5 10 14 9 10 

mouse # 3 1, rectal 1 3 4 5 4 4 4 

TABLE 9-continued 

Clotting times following Heparin Administration to Mice 

route of clotting time (min) time post administration 

pH administration 0 5 15 30 45 60 90 

mouse # 4 1, rectal 1.5 3 6 11 14 16 14 
mouse # 5 1, rectal 1 5 2 13 12 12 12 

[0134] Clotting time values increase in relation to the 
amount of heparin absorbed from the intestine into the 
bloodstream (i.e., in an amount that correlates to the amount 
of heparin absorbed). Therefore, this drug delivery system 
Will replace the use of heparin injections. 

EXample 3 

UtiliZation of Compositions of the Instant Invention 
to Enable the Effective Translocation of Interferon 

Alpha Across an Epithelial Barrier 

[0135] A composition contemplated by the instant inven 
tion Was prepared by dissolving human interferon alpha With 
spermine, polyvinylpyrrolidone (PVP-40) and sodium dode 
canoate (SD) in DDW containing NAOH. The solution Was 
then lyophiliZed and suspended With octanol and geraniol in 
a mixture of medium chain triglyceride (MCT) oil and castor 
oil further containing sorbitan monopalmitate (Span-40), 
methylcellulose (MC-400), and glyceryl monooleate 
(GMO). Components and concentrations are detailed in 
Table 10. 

TABLE 10 

Composition for interferon alpha translocation 

1% Span-40, 

7 rnM PVP-40, 0.2% MC-400, 

INF-0L NaOH Spermine (200 mg/ 2% GMO, in INF-0L 

(200 ,ug/ml) in (50 mg/ml ml in 10% SD Lyoph- MCT:Castor Soni- concen 

in PBS DDW in DDW) DDW) in DDW ilization Geraniol Octanol oil 1:2 cation tration 

250 #1 375 #1 0.5 mg 2.5 mg 45 #1 25 #1 25 #1 450 #1 30H 100 ,ug/rnl 

(50 Mg) (10 #1) (25 #1) 












