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(57) ABSTRACT 
A therapeutic formulation comprising a microemulsion of a 
therapeutic agent in free and/or conjugatively coupled form, 
Wherein the microemulsion comprises a Water-in-oil (W/o) 
microemulsion including a lipophilic phase and a hydro 
philic phase, and has a hydrophilic and lipophilic balance 
(HLB) value betWeen 3 and 7, Wherein the therapeutic agent 
may for example be selected from the group consisting of 
insulin, calcitonin, ACTH, glucagon, somatostatin, soma 
totropin, somatomedin, parathyroid hormone, erythropoi 
etin, hypothalamic releasing factors, prolactin, thyroid 
stimulating hormones, endorphins, enkephalins, vaso 
pressin, non-naturally occurring opioids, superoXide dismu 
tase, interferon, asparaginase, arginase, arginine deamin 
ease, adenosine deaminase, ribonuclease, trypsin, 
chymotrypsin, papain, Ara-A (Arabinofuranosyladenine), 
Acylguanosine, NordeoXyguanosine, AZidothymidine, 
DidesoXyadenosine, Dideoxycytidine, DideoXyinosine 
Floxuridine, 6-Mercaptopurine, Doxorubicin, Daunorubi 
cin, or I-darubicin, Erythromycin, Vancomycin, oleandomy 
cin, Ampicillin; Quinidine and Heparin. In a particular 
aspect, the invention comprises an insulin composition 
suitable for parenteral as Well as non-parenteral administra 
tion, preferably oral or parenteral administration, compris 

ing insulin covalently coupled With a polymer including a linear polyalkylene glycol moiety and (ii) a lipophilic 

moiety, Wherein the insulin, the linear polyalkylene glycol 
moiety and the lipophilic moiety are conformationally 
arranged in relation to one another such that the insulin in 
the composition has an enhanced in vivo resistance to 
enzymatic degradation, relative to insulin alone. The micro 
emulsion compositions of the invention are usefully 
employed in therapeutic as Well as non-therapeutic, e.g., 
diagnostic, applications. 
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AMPHIPHILIC OLIGOMERS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to microemulsion 
formulations of free-form and/or conjugation-stabilized 
therapeutic agents, and to methods of making and using 
same. The compositions of the invention may comprise 
therapeutic agents such as proteins, peptides, nucleosides, 
nucleotides, antiviral agents, antineoplastic agents, antibiot 
ics, antiarrhymics, anti-coagulants, etc., and prodrugs, pre 
cursors, derivatives, and intermediates thereof. 

[0003] 2. Description of the Related Art 

[0004] In the ?eld of pharmaceutical therapeutic interven 
tion, and the treatment of disease states and physiological 
conditions, a Wide variety of therapeutic agents have come 
into use, including various proteins, peptides, nucleosides, 
nucleotides, antiviral agents, antineoplastic agents, antibiot 
ics, antiarrhythmics, anti-coagulants, etc., and prodrugs pre 
cursors, derivatives, and intermediates of the foregoing. 

[0005] For eXample, the use of polypeptides and proteins 
for the systemic treatment of speci?c diseases is noW Well 
accepted in medical practice. The role that the peptides play 
in replacement therapy is so important that many research 
activities are being directed toWards the synthesis of large 
quantities by recombinant DNA technology. Many of these 
polypeptides are endogenous molecules Which are very 
potent and speci?c in eliciting their biological actions. Other 
non-(poly)peptidyl therapeutic agents are equally important 
and pharmaceutically efficacious. 

[0006] A major factor limiting the usefulness of these 
therapeutic substances for their intended application is that 
they are easily metaboliZed by plasma proteases When given 
parenterally. The oral route of administration of these sub 
stances is even more problematic because in addition to 
proteolysis in the stomach, the high acidity of the stomach 
destroys them before they reach their intended target tissue. 
For eXample, polypeptides and protein fragments, produced 
by the action of gastric and pancreatic enZymes, are cleaved 
by em and endopeptidases in the intestinal brush border 
membrane to yield di- and tripeptides, and even if proteoly 
sis by pancreatic enZymes is avoided, polypeptides are 
subject to degradation by brush border peptidases. Any of 
the therapeutic agent that survives passage through the 
stomach is further subjected to metabolism in the intestinal 
mucosa Where a penetration barrier prevents entry into the 
cells. 

[0007] In spite of these obstacles, there is substantial 
evidence in the literature to suggest that nutritional and 
pharmaceutical therapeutic agents such as proteins are 
absorbed through the intestinal mucosa. On the other hand, 
nutritional and drug (poly)peptides are absorbed by speci?c 
peptide transporters in the intestinal mucosa cells. These 
?ndings indicate that properly formulated therapeutic agents 
such as (poly)peptides and proteins may be administered by 
the oral route, With retention of sufficient biological activity 
for their intended use. If, hoWever, it Were possible to 
modify these therapeutic agents so that their physiological 
activities Were maintained totally, or at least to a signi?cant 
degree, and at the same time stabiliZe them against pro 
teolytic enZymes and enhance their penetration capability 
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through the intestinal mucosa, then it Would be possible to 
utiliZe them properly for their intended purpose. The product 
so obtained Would offer advantages in that more ef?cient 
absorption Would result, With the concomitant ability to use 
loWer doses to elicit the optimum therapeutic effect. 

[0008] The problems associated With oral or parenteral 
administration of therapeutic agents such as proteins are 
Well knoWn in the pharmaceutical industry, and various 
strategies are being used in attempts to solve them. These 
strategies include incorporation of penetration enhancers, 
such as the salicylates, lipid-bile salt-miXed micelles, glyc 
erides, and acylcarnitines, but these frequently are found to 
cause serious local toxicity problems, such as local irritation 
and toXicity, complete abrasion of the epithelial layer and 
in?ammation of tissue. These problems arise because 
enhancers are usually co-administered With the therapeutic 
agent and leakages from the dosage form often occur. Other 
strategies to improve oral delivery include miXing the thera 
peutic agent With protease inhibitors, such as aprotinin, 
soybean trypsin inhibitor, and amastatin, in an attempt to 
limit degradation of the administered therapeutic agent. 
Unfortunately these protease inhibitors are not selective, and 
endogenous proteins are also inhibited. This effect is unde 
sirable. 

[0009] Enhanced penetration of therapeutic agents across 
mucosal membranes has also been pursued by modifying the 
physicochemical properties of candidate drugs. Results indi 
cate that simply raising lipophilicity is not suf?cient to 
increase paracellular or transcellular transport. Indeed it has 
been suggested that cleaving peptide-Water hydrogen bonds 
is the main energy barrier to overcome in obtaining diffusion 
of peptide therapeutics across membranes (Conradi, R. A., 
Hilgers, A. R., Ho, N. F. H., and Burton, P. S., “The in?uence 
of peptide structure on transport across Caco-2 cells”, 
Pharm. Res., 8, 1453-1460, (1991)). Protein stabiliZation has 
been described by several authors. AbuchoWski and Davis 
(“Soluble polymers-Enzyme adducts”, In: Enzymes as 
Drugs, Eds. Holcenberg and Roberts, J. Wiley and Sons, 
NeW York, NY, (1981)) disclosed various methods of 
derivatiZation of enZymes to provide Water soluble, non 
immunogenic, in vivo stabiliZed products. 

[0010] A great deal of Work dealing With protein stabili 
Zation has been published. AbuchoWski and Davis disclose 
various Ways of conjugating enZymes With polymeric mate 
rials (Ibid.). More speci?cally, these polymers are deXtrans, 
polyvinyl pyrrolidones, glycopeptides, polyethylene glycol 
and polyamino acids. The resulting conjugated polypeptides 
are reported to retain their biological activities and solubility 
in Water for parenteral applications. The same authors, in 
US. Pat. No. 4,179,337, disclose that polyethylene glycol 
rendered proteins soluble and non-immunogenic When 
coupled to such proteins. These polymeric materials, hoW 
ever, did not contain fragments suited for intestinal mucosa 
binding, nor did they contain any moieties that Would 
facilitate or enhance membrane penetration. While these 
conjugates Were Water-soluble, they Were not intended for 
oral administration. 

[0011] Meisner et al., U.S. Pat. No. 4,585,754, teaches that 
proteins may be stabiliZed by conjugating them With chon 
droitin sulfates. Products of this combination are usually 
polyanionic, very hydrophilic, and lack cell penetration 
capability. They are usually not intended for oral adminis 
tration. 
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[0012] Mill et al., US. Pat. No. 4,003,792, teaches that 
certain acidic polysaccharides, such as pectin, algesic acid, 
hyaluronic acid and carrageenan, can be coupled to proteins 
to produce both soluble and insoluble products. Such 
polysaccharides are polyanionic, derived from food plants. 
They lack cell penetration capability and are usually not 
intended for oral administration. 

[0013] In Pharmacological Research Communication 14, 
11-120 (1982), Boccu et al. disclosed that polyethylene 
glycol could be linked to a protein such as superoxide 
dismutase (“SOD”). The resulting conjugated product 
shoWed increased stability against denaturation and enZy 
matic digestion. The polymers did not contain moieties that 
are necessary for membrane interaction and thus suffer from 
the same problems as noted above in that they are not 
suitable for oral administration. 

[0014] Other techniques of stabiliZing peptide and protein 
drugs in Which proteinaceous drug substances are conju 
gated With relatively loW molecular Weight compounds such 
as aminolethicin, fatty acids, vitamin B12, and glycosides, 
are described in the folloWing articles: R. Igarishi et al., 
“Proceed. Intern. Symp. Control. Rel. Bioact. Materials, 17, 
366, (1990); T. Taniguchi et al. Ibid 19, 104, (1992); G. J. 
Russel-Jones, Ibid, 19, 102, (1992); M. Baudys et al., Ibid, 
19, 210, (1992). 
[0015] The modifying compounds are not polymers and 
accordingly do not contain moieties necessary to impart both 
the solubility and membrane af?nity necessary for bioavail 
ability following oral as Well as parenteral administration. 
Many of these preparations lack oral bioavailability. 

[0016] Another approach Which has been taken to 
lengthen the in vivo duration of action of proteinaceous 
substances is the technique of encapsulation. M. Saffran et 
al., in Science, 223, 1081, (1986) teaches the encapsulation 
of proteinaceous drugs in an aZopolymer ?lm for oral 
administration. The ?lm is reported to survive digestion in 
the stomach but is degraded by micro?ora in the large 
intestine, Where the encapsulated protein is released. The 
technique utiliZes a physical mixture and does not facilitate 
the absorption of released protein across the membrane. 

[0017] EcanoW, US. Pat. No. 4,963,367, teaches that 
physiologically active compounds, including proteins, can 
be encapsulated by a coacervative-derived ?lm and the 
?nished product can be suitable for transmucosal adminis 
tration. Other formulations of the same invention may be 
administered by inhalation, oral, parenteral and transdermal 
routes. These approaches do not provide intact stability 
against acidity and proteolytic enZymes of the gastrointes 
tinal tract, the property as desired for oral delivery. 

[0018] Another approach taken to stabiliZe protein drugs 
for oral as Well as parenteral administration involves entrap 
ment of the therapeutic agent in liposomes. ArevieW of this 
technique is found in Y. W. Chien, “New Drug Delivery 
Systems”, Marcel Dekker, NeW York, NY, 1992. Lipo 
some-protein complexes are physical mixtures; their admin 
istration gives erratic and unpredictable results. Undesirable 
accumulation of the protein component in certain organs has 
been reported, in the use of such Uposome-protein com 
plexes. In addition to these factors, there are additional 
draWbacks associated With the use of liposomes, such as 
cost, dif?cult manufacturing processes requiring complex 
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lypophiliZation cycles, and solvent incompatibilities. More 
over, altered biodistribution and antigenicity issues have 
been raised as limiting factors in the development of clini 
cally useful liposomal formulations. 

[0019] The use of “proteinoids” has been described 
recently (Santiago, N., Milstein, S. J ., Rivera, T., Garcia, E., 
Chang., T. C., Baughman, R. A., and Bucher, D., “Oral 
ImmuniZation of Rats With In?uenZa Virus M Protein (M1) 
Microspheres”, Abstract #A 221, Proc. Int. Symp. Control. 
Rel. Bioac. Mater, 19, 116 (1992)). Oral delivery of several 
classes of therapeutics has been reported using this system, 
Which encapsulates the drug of interest in a polymeric sheath 
composed of highly branched amino acids. As is the case 
With liposomes, the drugs are not chemically bound to the 
proteinoid sphere, and leakage of drug out of the dosage 
form components is possible. 

[0020] A peptide Which has been the focus of much 
synthesis Work, and efforts to improve its administration and 
bioassimilation, is insulin. 

[0021] The use of insulin as a treatment for diabetes dates 
back to 1922, When Banting et al. (“Pancreatic Extracts in 
the Treatment of Diabetes Mellitus,” Can. Med. Assoc. J., 
12, 141-146 (1922)) shoWed that the active extract from the 
pancreas had therapeutic effects in diabetic dogs. Treatment 
of a diabetic patient in that same year With pancreatic 
extracts resulted in a dramatic, life-saving clinical improve 
ment. A course of daily injections of insulin is required for 
extended recovery. 

[0022] The insulin molecule consists of tWo chains of 
amino acids linked by disul?de bonds; the molecular Weight 
of insulin is around 6,000. The B-cells of the pancreatic 
islets secrete a single chain precursor of insulin, knoWn as 
proinsulin. Proteolysis of proinsulin results in removal of 
four basic amino acids (numbers 31, 32, 64 and 65 in the 
proinsulin chain: Arg, Arg, Lys, Arg respectively) and the 
connecting (“C”) peptide. In the resulting tWo-chain insulin 
molecule, theAchain has glycine at the amino terminus, and 
the B chain has phenylalanine at the amino terminus. 

[0023] Insulin may exist as a monomer, dimer or a hex 
amer formed from three of the dimers. The hexamer is 
coordinated With tWo Zn2+ atoms. Biological activity resides 
in the monomer. Although until recently bovine and porcine 
insulin Were used almost exclusively to treat diabetes in 
humans, numerous variations in insulin betWeen species are 
knoWn. Porcine insulin is most similar to human insulin, 
from Which it differs only in having an alanine rather than 
threonine residue at the B-chain C-terminus. Despite these 
differences most mammalian insulin has comparable spe 
ci?c activity. Until recently animal extracts provided all 
insulin used for treatment of the disease. The advent of 
recombinant technology alloWs commercial scale manufac 
ture of human insulin (e.g., HumulinTM insulin, commer 
cially available from Eli Lilly and Company, Indianapolis, 
Ind.). 
[0024] Although insulin has noW been used for more than 
70 years as a treatment for diabetes, feW studies of its 
formulation stability appeared until tWo recent publications 
(Brange, J., Langkjaer, L., Havelund, S., and Volund, A., 
“Chemical stability of insulin. I. Degradation during storage 
of pharmaceutical preparations,”Pharm. Res., 9, 715-726, 
(1992); and Brange, J. Havelund, S., and Hougaard, P., 
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“Chemical stability of insulin. 2. Formulation of higher 
molecular Weight transformation products during storage of 
pharmaceutical preparations,”Pharm. Res., 2, 727-734, 
(1992)). In these publications, the authors exhaustively 
describe chemical stability of several insulin preparations 
under varied temperature and pH conditions. Earlier reports 
focused almost entirely on biological potency as a measure 
of insulin formulation stability. HoWever the advent of 
several neW and poWerful analytical techniques—disc elec 
trophoresis, siZe exclusion chromatography, and HPLC— 
alloWs a detailed examination of insulin’s chemical stability 
pro?le. Early chemical studies on insulin stability Were 
dif?cult because the recrystalliZed insulin under examina 
tion Was found to be no more than 80-90% pure. More 
recently monocomponent, high-purity insulin has become 
available. This monocomponent insulin contains impurities 
at levels undetectable by current analysis techniques. 

[0025] Formulated insulin is prone to numerous types of 
degradation. NonenZymatic deamidation occurs When a 
side-chain amide group from a glutaminyl or asparaginyl 
residue is hydrolyZed to a free carboxylic acid. There are six 
possible sites for such deamidation in insulin: GlnAs, 
GlnA15, AsnAls, AsnA21, AsnB3, and GlnB4. Published 
reports suggest that the three Asn residues are most suscep 
tible to such reactions. 

[0026] Brange et al. (ibid) reported that in acidic condi 
tions insulin is rapidly degraded by extensive deamidation at 
AsnA21. In contrast, in neutral formulations deamidation 
takes place at AsnB3 at a much sloWer rate, independent of 
insulin concentration and species of origin of the insulin. 
HoWever, temperature and formulation type play an impor 
tant role in determining the rate of hydrolysis at B3. For 
example, hydrolysis at B3 is minimal if the insulin is 
crystalline as opposed to amorphous. Apparently the 
reduced ?exibility (tertiary structure) in the crystalline form 
sloWs the reaction rate. Stabilizing the tertiary structure by 
incorporating phenol into neutral formulations results in 
reduced rates of deamidation. 

[0027] In addition to hydrolytic degradation products in 
insulin formulations, high molecular Weight transformation 
products are also formed. Brange et al. shoWed by siZe 
exclusion chromatography that the main products formed on 
storage of insulin formulations betWeen 4 and 45° C. are 
covalent insulin dimers. In formulations containing prota 
mine, covalent insulin protamine products are also formed. 
The rate of formulation of insulin-dimer and insulin-prota 
mine products is affected signi?cantly by temperature. For 
human or porcine insulin, (regular N1 preparation) time to 
formation of 1% high molecular Weight products is 
decreased from 154 months to 1.7 months at 37° C. com 
pared to 4° C. For Zinc suspension preparations of porcine 
insulin, the same transformation Would require 357 months 
at 4° C. but only 0.6 months at 37° C. 

[0028] These types of degradation in insulin may be of 
great signi?cance to diabetic subjects. Although the forma 
tion of high molecular Weight products is generally sloWer 
than the formation of hydrolytic (chemical) degradation 
products described earlier, the implications may be more 
serious. There is signi?cant evidence that the incidence of 
immunological responses to insulin may result from the 
presence of covalent aggregates of insulin (Robbins, D.C. 
Cooper, S. M. Fineberg, S. E., and Mead, P. M., “Antibodies 
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to covalent aggregates of insulin in blood of insulin-using 
diabetic patients”, Diabetes, 36, 838-841, (1987); Maislos, 
M., Mead, P. M., Gaynor, D. H., and Robbins, D. C., “The 
source of the circulating aggregate of insulin in type I 
diabetic patients is therapeutic insulin”, J. Clin. Invest, 77, 
717-723. (1986); and Ratner R. E., Phillips, T. M., and 
Steiner, M., “Persistent cutaneous insulin allergy resulting 
from high molecular Weight insulin aggregates”, Diabetes, 
39, 728-733, (1990)). As many as 30% of diabetic subjects 
receiving insulin shoW speci?c antibodies to covalent insulin 
dimers. At a level as loW as 2% it Was reported that the 
presence of covalent insulin dimers generated a highly 
signi?cant response in lymphocyte stimulation in allergic 
patients. Responses Were not signi?cant When dimer content 
Was in the range 03-06%. As a result it is recommended that 
the level of covalent insulin dimers present in formulation be 
kept beloW 1% to avoid clinical manifestations. 

[0029] Several insulin formulations are commercially 
available; although stability has been improved to the extent 
that it is no longer necessary to refrigerate all formulations, 
there remains a need for insulin formulations With enhanced 
stability. A modi?ed insulin Which is not prone to formation 
of high molecular Weight products Would be a substantial 
advance in the pharmaceutical and medical arts, and modi 
?cations providing this stability (and in addition providing 
the possibility of oral availability of insulin) Would make a 
signi?cant contribution to the management of diabetes. 

[0030] In addition to the in vivo usage of therapeutic 
agents including polypeptides, proteins, nucleosides, and 
other biologically active molecules, such agents also ?nd 
substantial and increasing use in diagnostic reagent appli 
cations. In many such applications, these agents are utiliZed 
in solution environments Wherein they are susceptible to 
thermal and enZymic degradation. Examples of such diag 
nostic agents include enZymes, peptide and protein hor 
mones, antibodies, enZyme-protein conjugates used for 
immunoassay, antibody-hapten conjugates, viral proteins 
such as those used in a large number of assay methodologies 
for the diagnosis or screening of diseases such as AIDS, 
hepatitis, and rubella, peptide and protein groWth factors 
used for example in tissue culture, enZymes used in clinical 
chemistry, and insoluble enZymes such as those used in the 
food industry. As a further speci?c example, alkaline phos 
phatase is Widely utiliZed as a reagent in kits used for the 
colorimetric detection of antibody or antigen in biological 
?uids. Although such enZyme is commercially available in 
various forms, including free enZyme and antibody conju 
gates, its storage stability in solution often is limited. As a 
result, alkaline phosphatase conjugates are frequently 
freeZe-dried, and additives such as bovine serum albumin 
and TWeen 20 are used to extend the stability of the enZyme 
preparations. Such approaches, While advantageous in some 
instances to enhance the resistance to degradation of the 
therapeutic and/or diagnostic agents, have various shortcom 
ings Which limit their general applicability. 

[0031] In general, the approaches of the prior art for 
formulating proteinaceous therapeutic agents for enhanced 
stability in vivo do not provide intact stability of such agents 
against acid and proteolytic enZymes of the gastrointestinal 
tract, the property desired for oral delivery of protein drugs. 
In spite of this fact, intensive efforts are being made in 
pharmaceutical and scienti?c organiZations toWard oral 
administration of protein drugs. These efforts have largely 
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focused on insulin as a protein drug of choice for developing 
oral dosage forms, but have not been successful in yielding 
formulations that replace parenteral administration. 

[0032] Formulations of free insulin using different tech 
niques have been attempted. 

[0033] Liposome entrapped insulin for oral administration 
and its attendant drawbacks have been described herein 
above. 

[0034] A recent approach involves formulation of insulin 
in a liquid medium, using absorption enhancers. US. Pat. 
No. 5,653,987 to Modi and Chandarana teaches that insulin 
can be formulated for oral or nasal delivery using at least 
tWo different absorption enhancers. A close examination of 
the enhancers described in this reference reveals that these 
enhancers are not pharmaceutically acceptable. In the 
examples provided in this patent, most contain either sodium 
lauryl sulphate, a detergent knoWn to damage the lining of 
the gastrointestinal tract, or polyoxyethylene 9-lauryl ether, 
Which is used in extracting protein from biological speci 
mens, and additionally is knoWn to be spermatocidal in 
character. The formulation and synthesis method of US. Pat. 
No. 5,653,987 differ fundamentally from the concept and 
method of the present invention. Additionally, unlike the 
present invention, the formulation approach of US. Pat. No. 
5,653,987 does not address enZymatically stabiliZed insulin 
conjugates. 

[0035] Still another recent approach of free insulin for 
mulation for oral delivery utiliZes the technique of micro 
emulsion. This formulation approach has been described by 
Cho, Y. W., et al, in US. Pat. Nos. 5,656,289 and 5,665,700, 
by OWen, Albert J., in US. Pat. No. 5,646,109 and by Desai, 
Ashok J., in US. Pat. No. 5,206,219. 

[0036] Cho, Y. W., et al teaches in US. Pat. No. 5,656,289 
that oral proteinaceous compositions comprising oil/Water 
emulsions can form chylomicra or provide chylomicra to 
sites of absorption in the gastrointestinal tract Such patent 
teaches that the hydrophilic phase may contain ethanol. In 
the disclosed examples of microemulsion preparations, a 
substantial amount of ethanol is needed in the hydrophilic 
portion of the emulsion. Ethanol, hoWever, is knoWn to 
denature many proteinaceous drugs. Further, the method of 
manufacturing the proteinaceous composition described by 
Cho et al. in US. Pat. No. 5,656,289 involves micro?uidi 
Zation, Which can damage or denature protein drugs as a 
result of the heat generation and shear force entailed in the 
micro?uidiZation process. 

[0037] In US. Pat. No. 5,665,700, Cho et al. teach that 
proteinaceous compounds can be orally delivered in a Water 
in-oil formulation comprising a hydrophilic phase dispersed 
in a lipophilic phase to form an emulsion. Micro?uidiZation 
With its aforementioned attendant draWbacks is also dis 
closed in US. Pat. No. 5,665,700 for preparing the micro 
emulsion. Free insulin (insulin that is not modi?ed by 
conjugation With amphiphilic polymers, as disclosed here 
inafter and in US. Pat. No. 5,681,811 issued Oct. 28, 1997, 
US. Pat. No. 5,438,040 issued Aug. 1, 1995 and US. Pat. 
No. 5,259,030 issued Oct. 25, 1994, all in the name of 
Nnochiri Nkem EkWuribe) is unstable in the gastrointestinal 
tract. In the examples provided in US. Pat. No. 5,665,700, 
most preparations disclosed by Cho et al. contain protease 
inhibitors. Inhibition in such formulations Will, hoWever, not 
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be speci?c to insulin, and inhibitors may cause severe 
gastrointestinal problems as a result of inhibition of intes 
tinal proteinaceous contents Which are otherWise digestible. 
Further, lecithin complexation With insulin is required in 
Cho et al.’s microemulsion formulation. In the present 
invention, the use of lecithin is not essential. 

[0038] As a result of the protease inhibition resulting from 
Cho et al.’s formulations containing protease inhibitors, 
indiscrininate absorption of toxic proteinaceous material 
may result in the in viva use of such formulations. The 
formulations of the Cho et al. U.S. Pat. Nos. 5,656,289 and 
5,665,700 are based on a concept and a method of manu 
facture that differ fundamentally from the concept and 
method of the herein disclosed invention. 

[0039] Another microemulsion formulation of free insulin 
is described in US. Pat. No. 5,646,109 to A. J. OWen. OWen 
teaches that a Water-in-oil (W/o) microemulsion readily 
converts to an oil-in-Water (o/W) emulsion by the addition of 
aqueous ?uid to the W/o microemulsion. A close examina 
tion of the conditions necessary for convertible microemul 
sion in the formulation of US. Pat. No. 5,646,109 reveals 
that the resultant HLB (hydrophilic and lipophilic balance 
required is greater than 7. In one example described at 
column 22, lines 26-28 of Us. Pat. No. 5,646,109, OWen 
demonstrates that his formulation containing resultant HLB 
of 4 produces a non-convertible microemulsion and has no 
effect in promoting rectal delivery of calcitonin. The use of 
resultant HLB of greater than 7 to prepare a convertible 
microemulsion for oral delivery of insulin is based on a 
concept that differs from the concept of herein disclosed 
invention, as hereinafter more fully described. 

[0040] Desai, A. J., U.S. Pat. No. 5,206,219 describes 
another microemulsion formulation for oral administration, 
in Which a liquid polyol solvent and lipid cosolvent con 
taining a proteinaceous medicament, e.g., insulin, is treated 
to form a microemulsion in the gastrointestinal tract at sites 
of absorption. Desai teaches that a vital ingredient in the 
formulation is a protease inhibitor. The purpose of using the 
inhibitor is to prevent the degradation of the proteinaceous 
medicament. Problems that arise from using protease inhibi 
tors to aid in oral delivery of proteinaceous drugs have been 
enumerated hereinabove. 

[0041] International Publications WO 93-02664 and 
WO94-08610 of Constantides et al. describe compositions 
of W/o microemulsion formulations containing peptides and 
proteins using medium chain fatty acid triglycerides, sur 
factants and a hydrophilic phase containing proteins. The 
ratio of triglycerides to loW HLB surfactants in these prepa 
rations can be 5:1 to 1.511. Constantides et al. also describe 
the preparation of microemulsion compositions containing 
salts of medium chain fatty acids (high HLB surfactant) in 
Which the insulin loading is 0.35 mg/mL. Contrary to the 
approach of the invention hereinafter disclosed, a careful 
examination of the examples of the Constantides et al., 
International Publications WO 93-02664 and WO94-08610 
reveals their combined HLB strength to be above 7. 

[0042] It Would therefore be a substantial advance in the 
art, and is correspondingly an object of the present inven 
tion, to provide an improved formulation for the adminis 
tration of therapeutic agents such as proteins, peptides, 
nucleosides, nucleotides, antiviral agents, antineoplastic 
agents, antibiotics, antiarrhythmics, anti-coagulants, etc., 
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and prodrugs precursors, derivatives, and intermediates of 
the foregoing, Which avoids the foregoing problems. 

[0043] It is another object of the invention to provide an 
improved formulation for the oral administration of protein 
and peptide therapeutic agents, in Which the therapeutic 
agent is stabiliZed against proteolysis and degradation in the 
gastrointestinal tract. 

[0044] It is yet another object of the invention to provide 
an improved formulation for administration of therapeutic 
agents Which are of free form and/or are conjugatively 
stabiliZed as described in Us. Pat. No. 5,681,811 issued 
Oct. 28, 1997, US. Pat. No. 5,438,040 issued Aug. 1, 1995 
and US. Pat. No. 5,259,030 issued Oct. 25, 1994, all in the 
name of Nnochiri Nkem EkWuribe. 

[0045] Other objects and advantages of the present inven 
tion Will be more fully apparent from the ensuing disclosure 
and appended claims. 

SUMMARY OF THE INVENTION 

[0046] The present invention relates to microemulsion 
formulations of free-form and/or conjugation-stabilized 
therapeutic agents, and to methods of making and using 
same. The compositions of the invention may comprise 
therapeutic agents such as proteins, peptides, nucleosides, 
nucleotides, antiviral agents, antineoplastic agents, antibiot 
ics, antiarrhythmics, anti-coagulants, etc., and prodrugs, 
precursors, derivatives, and intermediates thereof. 

[0047] The formulations of the present invention may 
utiliZe conjugation-stabilized therapeutic and/or diagnostic 
agent compositions, Which are conjugatively stabiliZed as 
more fully described in US. Pat. No. 5,681,811 issued Oct. 
28, 1997, Us. Pat. No. 5,438,040 issued Aug. 1, 1995 and 
US. Pat. No. 5,259,030 issued Oct. 25, 1994, all in the name 
of Nnochiri Nkem EkWuribe, the disclosures of Which are 
hereby incorporated herein in their entirety. 

[0048] More particularly, the formulations of the present 
invention may utiliZe covalently conjugated therapeutic and/ 
or diagnostic complexes Wherein the therapeutic and/or 
diagnostic agent peptide is covalently bonded to one or more 
molecules of a polymer incorporating as an integral part 
thereof a hydrophilic moiety, e.g., a linear polyalkylene 
glycol, and Wherein said polymer incorporates a lipophilic 
moiety as an integral part thereof. 

[0049] In one particular aspect, the present invention 
relates to a formulation including a physiologically active 
therapeutic agent covalently coupled With a polymer com 
prising a linear polyalkylene glycol moiety and (ii) a 
lipophilic moiety, Wherein the therapeutic agent, linear poly 
alkylene glycol moiety, and the lipophilic moiety are con 
formationally arranged in relation to one another such that 
the physiologically active therapeutic agent in the formula 
tion has an enhanced in vivo resistance to enZymatic deg 
radation, relative to the physiologically active therapeutic 
agent alone (i.e., in an unconjugated form devoid of the 
polymer coupled thereto). 
[0050] In another aspect, the invention relates to a formu 
lation including a physiologically active therapeutic agent 
composition of three-dimensional conformation comprising 
a physiologically active therapeutic agent covalently 
coupled With a polysorbate complex comprising a linear 
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polyalkylene glycol moiety and (ii) a lipophilic moiety, 
Wherein the physiologically active therapeutic agent, the 
linear polyalkylene glycol moiety and the lipophilic moiety 
are conformationally arranged in relation to one another 
such that (a) the lipophilic moiety is exteriorly available in 
the three-dimensional conformation, and (b) the physiologi 
cally active therapeutic agent in the physiologically active 
therapeutic agent composition has an enhanced in vivo 
resistance to enZymatic degradation, relative to the physi 
ologically active therapeutic agent alone. 

[0051] In a further aspect, the invention relates to formu 
lations including a multiligand conjugated therapeutic agent 
complex comprising a triglyceride backbone moiety, having: 

[0052] a bioactive therapeutic agent covalently 
coupled With the triglyceride backbone moiety 
through a polyalkylene glycol spacer group bonded 
at a carbon atom of the triglyceride backbone moi 
ety; and 

[0053] at least one fatty acid moiety covalently 
attached either directly to a carbon atom of the 
triglyceride backbone moiety or covalently joined 
through a polyalkylene glycol spacer moiety. 

[0054] In such multiligand conjugated therapeutic agent 
complex, the 0t and [3 carbon atoms of the triglyceride 
bioactive moiety may have fatty acid moieties attached by 
covalently bonding either directly thereto, or indirectly 
covalently bonded thereto through polyalkylene glycol 
spacer moieties. Alternatively, a fatty acid moiety may be 
covalently attached either directly or through a polyalkylene 
glycol spacer moiety to the a and a‘ carbons of the triglyc 
eride backbone moiety, With the bioactive therapeutic agent 
being covalently coupled With the [3-carbon of the triglyc 
eride backbone moiety, either being directly covalently 
bonded thereto or indirectly bonded thereto through a poly 
alkylene spacer moiety. It Will be recogniZed that a Wide 
variety of structural, compositional, and conformational 
forms are possible for the multiligand conjugated therapeu 
tic agent complex comprising the triglyceride backbone 
moiety, Within the scope of the foregoing discussion. 

[0055] In such a multiligand conjugated therapeutic agent 
complex, the bioactive therapeutic agent may advanta 
geously be covalently coupled With the triglyceride modi?ed 
backbone moiety through alkyl spacer groups, or alterna 
tively other acceptable spacer groups, Within the broad 
scope of the invention. As used in such context, acceptability 
of the spacer group refers to steric, compositional, and end 
use application speci?c acceptability characteristics. 

[0056] In yet another aspect, the invention relates to a 
formulation including a polysorbate complex comprising a 
polysorbate moiety including a triglyceride backbone hav 
ing covalently coupled to a, a‘ and [3 carbon atoms thereof 
functionaliZing groups including: 

[0057] a fatty acid group; and 

[0058] (ii) a polyethylene glycol group having a 
physiologically active moiety covalently bonded 
thereto, e.g., a physiologically active moiety is 
covalently bonded to an appropriate functionality of 
the polyethylene glycol group. 

[0059] Such covalent bonding may be either direct, e.g., to 
a hydroxy terminal functionality of the polyethylene glycol 
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group, or alternatively, the covalent bonding may be indi 
rect, e.g., by reactively capping the hydroxy terminus of the 
polyethylene glycol group With a terminal carboxy function 
ality spacer group, so that the resulting capped polyethylene 
glycol group has a terminal carboxy functionality to Which 
the physiologically active moiety may be covalently bonded. 

[0060] The invention relates to a further aspect to a 
formulation including a stable, aqueously soluble, conju 
gated therapeutic agent complex comprising a physiologi 
cally active therapeutic agent covalently coupled to a physi 
ologically compatible polyethylene glycol modi?ed 
glycolipid moiety. In such complex, the physiologically 
active therapeutic agent may be covalently coupled to the 
physiologically compatible polyethylene glycol modi?ed 
glycolipid moiety by a labile covalent bond at a free amino 
acid group of the therapeutic agent, Wherein the labile 
covalent bond may be scissionable in vivo by biochemical 
hydrolysis and/or proteolysis. The physiologically compat 
ible polyethylene glycol modi?ed glycolipid moiety may 
advantageously comprise a polysorbate polymer, e.g., a 
polysorbate polymer comprising fatty acid ester groups 
selected from the group consisting of monopalmitate, 
dipalmitate, monolaurate, dilaurate, trilaurate, monoleate, 
dioleate, trioleate, monostearate, distearate, and tristearate. 
In such complex, the physiologically compatible polyethyl 
ene glycol modi?ed glycolipid moiety may suitably com 
prise a polymer selected from the group consisting of 
polyethylene glycol ethers of fatty acids, and polyethylene 
glycol esters of fatty acids, Wherein the fatty acids for 
example comprise a fatty acid selected from the group 
consisting of lauric, palmitic, oleic, and stearic acids. 

[0061] In the above complex, the physiologically active 
therapeutic agent may illustratively comprise a peptide, 
protein, nucleoside, nucleotide, antineoplastic, agent, anti 
biotic, anticoagulant, antiarrhythmic agent, antiviral agent, 
or prodrugs, precursors, intermediates, or derivatives 
thereof. 

[0062] For example, the therapeutic agent may comprise 
peptide selected from the group consisting of insulin, cal 
citonin, ACTH, glucagon, somatostatin, somatotropin, 
somatomedin, parathyroid hormone, erythropoietin, hypo 
thalmic releasing factors, prolactin, thyroid stimulating hor 
mones, endorphins, enkephalins, vasopressin, non-naturally 
occurring opioids, superoxide dismutase, interferon, aspara 
ginase, arginase, arginine deaminease, adenosine deaminase 
ribonuclease, trypsin, chemotrypsin, and papain. 

[0063] As other examples, the therapeutic agent may com 
prise: An antiviral such as: Ara-A (Arabinofuranosylad 
enine), Acylguanosine, Nordeoxyguanosine, AZidothymi 
dine, Dideoxyadenosine, or Dideoxycytidine; an anti-cancer 
agent such as Dideoxyinosine Floxuridine, 6-Mercaptopu 
rine, Doxorubicin, Daunorubicin, or I-darubicin; and anti 
biotic such as Erythormycin, Vancomycin, oleandomycin, or 
Ampicillin; an antiarrhythmic such as Quinidine; or an 
anticoagulant such as Heparins. 

[0064] In another aspect, the present invention relates to 
an oral administration dosage form for the mediation of 
insulin de?ciency, comprising a formulation including a 
pharmaceutically acceptable carrier and a stable, aqueously 
soluble, conjugated insulin complex comprising insulin or 
proinsulin covalently coupled to a physiologically compat 
ible polyethylene glycol modi?ed glycolipid moiety. 
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[0065] In a further aspect, the invention relates to a 
method of treating insulin de?ciency in a human or non 
human mammalian subject exhibiting such de?ciency, com 
prising orally administering to the subject an effective 
amount of a conjugated insulin composition comprising a 
stable, aqueously soluble, conjugated insulin complex com 
prising insulin covalently or proinsulin covalently coupled 
to a physiologically compatible polyethylene glycol modi 
?ed glycolipid moiety. 

[0066] The term “peptide” as used herein is intended to be 
broadly construed as inclusive of polypeptides per se having 
molecular Weights of up to about 10,000, as Well as proteins 
having molecular Weights of greater than about 10,000, 
Wherein the molecular Weights are number average molecu 
lar Weights. As used herein, the term “covalently coupled” 
means that the speci?ed moieties are either directly 
covalently bonded to one another, or else are indirectly 
covalently joined to one another through an intervening 
moiety or moieties, such as a bridge, spacer, or linkage 
moiety or moieties. The term “conjugatively coupled” 
means that the speci?ed moieties are either covalently 
coupled to one another or they are non-covalently coupled to 
one another, e.g., by hydrogen bonding, ionic bonding, Van 
der Waals forces, etc. The term “free” in reference to a 
therapeutic agent means that the therapeutic agent is not 
conjugatively coupled in the speci?c formulation. The term 
“therapeutic agent” means an agent Which is therapeutically 
useful, e.g., an agent for the treatment, remission or attenu 
ation of a disease state, physiological condition, symptoms, 
or etiological factors, or for the evaluation or diagnosis 
thereof 

[0067] As used herein, the term “hydrophilic and lipo 
philic balance” or “HLB” means a value determined in 
accordance With the method described in P. Becher et al., 
“Nonionic Surfactant, Physical Chemistry,” Marcel Dekker, 
NeW York (1987), pages 439-456. The HLB value is an 
empirical value on an arbitrary scale that is conveniently and 
Widely used in surfactant chemistry to provide a measure of 
the polarity of a surfactant or mixture of surfactants, as for 
example is referenced in US. Pat. No. 5,646,109. As noted 
in such patent at column 16, lines 24-27 thereof, HLB values 
are commonly provided by surfactant suppliers, and HLB 
values for a mixture of surfactants are calculated on a 

volumetric basis. See also US. Pat. No. 5,206,219 at column 
5, lines 3-17, giving illustrative examples of HLB values for 
various esters of polyethylene glycol, polyethylene fatty 
acid esters and polyoxyethylated fatty acids. 

[0068] The invention thus comprehends various composi 
tions for therapeutic (in vivo) application, Wherein the 
therapeutic agent component of the conjugated therapeutic 
agent complex is a physiologically active, or bioactive, 
therapeutic agent. In such therapeutic agent-containing com 
positions, the conjugation of the therapeutic agent compo 
nent to the polymer comprising hydrophilic and lipophilic 
moieties may be direct covalent bonding or indirect (through 
appropriate spacer groups) bonding, and the hydrophilic and 
lipophilic moieties may also be structurally arranged in the 
polymeric conjugating structure in any suitable manner 
involving direct or indirect covalent bonding, relative to one 
another. Thus, a Wide variety of therapeutic agent species 
may be accommodated in the broad practice of the present 
invention, as necessary or desirable in a given end use 
therapeutic application. 
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[0069] In another aspect, covalently coupled therapeutic 
agent compositions such as those described above may 
utiliZe therapeutic agent components intended for diagnostic 
or in vitro applications, Wherein the therapeutic agent is for 
example a diagnostic reagent, or a complement of a diag 
nostic conjugate for immunoassay or other diagnostic or 
non-in vivo applications. In such non-therapeutic applica 
tions, the complexes of the invention are highly usefully 
employed as stabilized compositions Which may for 
example be formulated as hereinafter more fully described 
With compatible solvents or other solution-based formula 
tions to provide stable compositional forms Which are of 
enhanced resistance to degradation. 

[0070] In the foregoing therapeutic and non-therapeutic 
(e.g., diagnostic) applications, the present invention relates 
in one broad compositional aspect to formulations including 
covalently conjugated therapeutic agent complexes Wherein 
the therapeutic agent is covalently bonded to one or more 
molecules of a polymer incorporating as an integral part of 
said polymer a hydrophilic moiety, e.g., a polyalkylene 
glycol moiety, and a lipophilic moiety, e.g., a fatty acid 
moiety. In one preferred aspect, the therapeutic agent may be 
covalently conjugated by covalent bonding With one or more 
molecules of a linear polyalkylene glycol polymer incorpo 
rated in Which, as an integral part thereof is a lipophilic 
moiety, e.g., a fatty acid moiety. 

[0071] In another broad aspect, the present invention 
relates to formulations of non-covalently conjugated thera 
peutic agent complexes Wherein the therapeutic agent is 
non-covalently associated With one or more molecules of a 
polymer incorporating as an integral part thereof a hydro 
philic moiety, e.g., a polyalkylene glycol moiety, and a 
lipophilic moiety, e.g., a fatty acid moiety. The polymer may 
be variously structured and arranged analogous to descrip 
tion of the polymer in the covalently conjugated therapeutic 
agent complexes described above, but Wherein the thera 
peutic agent is not bonded to the polymer molecule(s) in a 
covalent manner, but is nonetheless associated With the 
polymer, as for example by associative bonding, such as 
hydrogen bonding, ionic bonding or complexation, Van der 
Waals bonding, micellular encapsulation or association (of 
the speci?c therapeutic agent), etc., or alternatively Wherein 
the therapeutic agent is in a free form in the formulation, 
unassociated With any conjugating polymer. 

[0072] In associatively conjugated therapeutic agent com 
positions of the above-described type, the polymer compo 
nent may be suitably constructed, modi?ed, or appropriately 
functionaliZed to impart the ability for associative conjuga 
tion in a selectively manner (for example, to impart hydro 
gen bonding capability to the polymer viZ-a-vis the thera 
peutic agent), Within the skill of the art. 

[0073] The formulations of therapeutic agent compo 
nent(s) and polymeric moiety/(ies) Within the broad scope of 
the present invention may for example utiliZe a therapeutic 
agent component for therapeutic (e.g., in vivo) applications, 
as Well as non-therapeutic therapeutic agent components, 
e.g., for diagnostic or other (in vitro) use. 

[0074] The formulations of the present invention advan 
tageously comprise a microemulsion of a therapeutic agent 
in free and/or conjugatively coupled form, Wherein the 
microemulsion has a hydrophilic and lipophilic balance 
(HLB) value of betWeen 3 and 7, more preferably from 
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about 5 to about 6.5 and most preferably from about 5 to 
about 6. The microemulsion suitably comprises a Water-in 
oil (W/o) emulsion of such character having a clear optical 
character. 

[0075] In a speci?c aspect, the present invention relates to 
an oral dosage form of insulin. Such insulin may be in the 
free state and/or conjugatively coupled With an amphiphilic 
polymer (the conjugative coupling may be covalent coupling 
and/or associative (non-covalent) coupling). 
[0076] The present invention also relates to a method by 
Which the insulin conjugates and/or free insulin may be 
prepared in microemulsion formulation. 

[0077] The present invention provides a safe and effective 
oral dosage form applicable to free insulin and/or insulin 
conjugates, as Well as to other therapeutic agents, e.g., 
proteinaceous medicaments, in free form and/or modi?ed by 
amphiphilic polymers for the purpose of enhancing their 
stability for oral administration. Unmodi?ed therapeutic 
agents that are amphiphilic in character can also be usefully 
employed in the broad practice of the present invention. 

[0078] The present invention differs from the composition 
and method of preparation of other knoWn microemulsions. 
As discussed in the “Background of the Invention” section 
hereof, the current state of the art recogniZes the instability 
of protein drugs in the gastrointestinal tract and has endeav 
ored to circumvent such problem by formulating protein 
drugs With protease inhibitors. 

[0079] Such protease inhibitors by their intrinsic character 
function to protect harmful proteinaceous material in the 
tract from degradation, and the added protease inhibitors 
thereby interfere With natural and desirable physiological 
digestive processes. The presence of protease inhibitors in 
oral formulations may therefore have quite serious conse 
quences to the health and Well-being of the patient. The 
present invention contemplates the use of therapeutic for 
mulations in Which the therapeutic agent(s) can be usefully 
and effectively stabiliZed Without protease inhibitors and 
their attendant problems. 

[0080] The microemulsion formulation of the present 
invention provides a dosage form for the safe and effective 
oral administration of the free form of therapeutic agents 
such as insulin, (ii) amphiphilic conjugates of such thera 
peutic agents, or (iii) mixtures of such free form therapeutic 
agents and their conjugates. 

[0081] The method of the invention for preparing micro 
emulsion formulations useful as oral dosage forms of thera 
peutic agents such as insulin, utiliZes emulsi?cation tech 
niques in a novel fashion With respect to the selection of oil, 
Water and cosurfactant components, to provide a microemul 
sion having a speci?c HLB character useful for oral drug 
delivery. The oil component of the microemulsion formu 
lation of the invention-appropriately comprises a pharma 
ceutically acceptable oil, preferably of a food grade quality. 

[0082] In reference to insulin, the selection of oil, Water 
and cosurfactant constituents to yield a microemulsion hav 
ing an HLB value of less than 7 provides a stable formula 
tion for incorporating free form insulin and/or insulin con 
jugates for effective oral administration of the insulin. 

[0083] In the insulin formulations of the invention, par 
ticularly preferred insulin forms include the so-called hex 
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insulin mixture hereinafter disclosed, Which is amphiphilic 
and able to distribute Well in oil, surfactant and Water. The 
hex-insulin mixture is formed from insulin conjugated With 
a hexyl polymer Which forms a mixture of mono-, di- and 
tri-conjugates of insulin as Well as free insulin as the 
conjugative reaction product (the mono-, di- and tri-pre?xes 
referring to the number of polymer moieties attached to the 
insulin molecule). 

[0084] The hex-insulin mixture is more stable than uncon 
jugated insulin against proteolytic digestion (Table B). In 
closed loop assay determinations (FIGS. 3, 4), the hex 
insulin mixture is better absorbed than unconjugated insulin 
and gives better glucose reduction than insulin (on an insulin 
Weight basis). In the microemulsion formulation of the 
present invention, the concentration of the hex-insulin mix 
ture in the formulation is able to be increased above the 
concentration possible for free Zinc insulin alone, and the 
formulation of both the hex-insulin mixture and free Zinc 
insulin in the microemulsion compositions of the present 
invention shoWs improved absorption of the hex-insulin 
mixture in relation to absorption of Zinc insulin (FIG. 6). 
Accordingly, the hex-insulin mixtures of the invention are 
highly ef?cacious in providing superior absorption of the 
insulin component and concomitant reduction of blood 
glucose in therapeutic use. 

[0085] When used in free form in the formulations of the 
present invention, the insulin may be used in any suitable 
form, such as in salt forms such as Zinc insulin, sodium 
insulin, etc. or other pharmaceutically acceptable forms of 
insulin. 

[0086] While the invention is described hereinafter prima 
rily With respect to the preferred oral administration use of 
the formulation of the invention, the formulation of the 
invention may also be used for parenteral administration or 
any other suitable mode of adminstration. 

[0087] Other aspects, features, and modi?cations of the 
invention Will be more fully apparent from the ensuing 
disclosure and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0088] FIG. 1 is a graph of serum glucose, in mg/dL, as 
a function of time, in minutes, for administration of insulin 
per se and in complexed forms. 

[0089] FIG. 2 is a graph of serum glucose, in mg/dL, as 
a function of time, in hours, for administration of insulin in 
various forms. 

[0090] FIG. 3 is a graph of ELISA assay results for native 
insulin in the NRS pool of various Sprague-DaWley rats, 
shoWing insulin concentration as a function of time, prior to 
and after dosing With insulin, at respective doses of 10 
milligrams of insulin per kilogram of body Weight, and at 30 
milligrams of insulin per kilogram of body Weight. 

[0091] FIG. 4 is a graph of ELISA assay results for insulin 
in the NRS pool of various Sprague-DaWley rats, shoWing 
insulin concentration as a function of time, prior to and after 
dosing With insulin, at respective doses of 10 milligrams of 
insulin per kilogram of body Weight, and at 30 milligrams of 
insulin per kilogram of body Weight, Wherein the insulin is 
administered as a conjugate, insulin-hexyl-PEG7-OMe. 
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[0092] FIG. 5 is a graph of percent of pre-dose blood 
glucose level as a function of time, for free insulin, and for 
conjugated insulin at respective doses of 1, 3 and 10 
milligrams of insulin per kilogram of body Weight, against 
a control of phosphate buffered solution (PBS) and bovine 
serum albumen (BSA) in various Sprague DaWley rats. 

[0093] FIG. 6 is a graph of insulin and blood glucose 
levels in pancreatomiZed dogs as a function of time, after 
dosing With a microemulsion insulin formulation represen 
tative of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION, AND PREFERRED 
EMBODIMENTS THEREOF 

[0094] The disclosures of the folloWing United States 
Patents are hereby incorporated herein in their entirety: US. 
Pat. No. 5,681,811 issued Oct. 28, 1997, US. Pat. No. 
5,438,040 issued Aug. 1, 1995 and US. Pat. No. 5,259,030 
issued Oct. 25, 1994, all in the name of Nnochiri Nkem 
EkWuribe. 

[0095] Modi?cation of therapeutic agents With non-toxic, 
non-immunogenic polymers affords certain advantages. If 
modi?cations are made in such a Way that the products 
(polymer-therapeutic agent conjugates) retain all or most of 
their biological activities the folloWing properties may 
result: epithelial penetration capability may be enhanced; the 
modi?ed therapeutic agent may be protected from pro 
teolytic digestion and subsequent abolition of activity; affin 
ity for endogenous transport systems may be improved; 
chemical stability against stomach acidity may be imparted; 
and the balance betWeen lipophilicity and hydrophobicity of 
the polymers may be optimiZed. Proteinaceous substances 
endoWed With the improved properties described above can 
be effective as replacement therapy folloWing either oral or 
parenteral administration. Other routes of administration, 
such as nasal and transdermal, are potentially advanta 
geously employed With the modi?ed therapeutic agent 
[0096] In non-therapeutic (e.g., diagnostic) applications, 
conjugation-stabiliZation of diagnostic and/or reagent spe 
cies of peptides, nucleosides, or other therapeutic agents, 
including precursors and intermediates of end-use nucleo 
sides, peptides or other products, provides corresponding 
advantages, When the conjugation component is covalently 
bonded to a polymer as hereinafter disclosed. The result 
ingly covalently conjugated agent is resistant to environ 
mental degradative factors, including solvent- or solution 
mediated degradation processes. As a result of such 
enhanced resistance to degradation, the shelf life of the 
active ingredient is able to be signi?cantly increased, With 
concomitant reliability of the therapeutic agent-containing 
composition in the speci?c end use for Which same is 
employed. 
[0097] The covalent conjugation of therapeutic agents 
With polymers in the manner of the present invention 
effectively minimiZes hydrolytic degradation, and achieves 
in vitro and in vivo stabiliZation. 

[0098] Analogous bene?ts are realiZed When therapeutic, 
diagnostic, or reagent species are non-covalently, associa 
tively conjugated With polymer molecule(s) in the manner of 
the present invention. 

[0099] Additionally, the formulation of the present inven 
tion may utiliZe the therapeutic agent in a free form, as 
previously described. 



US 2003/0229006 A1 

[0100] The formulations of the invention may utilize the 
therapeutic agent in any suitable combination or permutation 
of the foregoing forms (covalently conjugated, associatively 
conjugated, and/or free form (unconjugated)). 

[0101] UtiliZing a peptide covalently bonded to the poly 
mer component as an illustrative embodiment of the form of 

the therapeutic agent used in the practice of the invention, 
the nature of the conjugation, involving cleavable covalent 
chemical bonds, alloWs for control in terms of the time 
course over Which the polymer may be cleaved from the 
peptide (insulin). This cleavage may occur by enZymatic or 
chemical mechanisms. The conjugated polymer-peptide 
complex Will be intrinsically active. Full activity Will be 
realiZed folloWing enZymatic cleavage of the polymer from 
the peptide. Further, the chemical modi?cation Will alloW 
penetration of the attached peptide, e.g., insulin, through cell 
membranes. 

[0102] In a preferred aspect of the present invention When 
the therapeutic agent is employed in a conjugated form, 
membrane penetration-enhancing properties of lipophilic 
fatty acid residues are incorporated into the body of the 
conjugating polymer. In this respect, again utiliZing insulin 
as the peptide of interest, fatty acid polymer derivatives of 
insulin improve the intestinal absorption of insulin: car 
bamylation of the amino groups of PheB1 and LysB29 With 
long-chain fatty acid polymers yield compounds Which 
provide some degree of hypoglycemic activity. This deriva 
tiZation increases the stability of insulin in intestinal mucosa 
and, its absorption from the small intestine. 

[0103] While the ensuing description is primarily and 
illustratively directed to the use of insulin as a peptide 
component in various compositions and formulations of the 
invention, it Will be appreciated that the utility of the 
invention is not thus limited, but rather eXtends to any 
species Which are useful in free form or covalently or 
associatively conjugatable, for use in microemulsion formu 
lations in the manner of the invention, including, but not 
limited to: the folloWing peptide species: calcitonin, ACTH, 
glucagon, somatostatin, somatotropin, somatomedin, par 
athyroid hormone, erythropoictin, hypothalmic releasing 
factors, prolactin, thyroid stimulating hormone, endorphins, 
antibodies, hemoglobin, soluble CD-4, clotting factors, tis 
sue plasminogen activator, enkephalins, vasopressin, non 
naturally occurring opioids, superoXide dismutase, inter 
feron, asparaginase, arginase, arginine deaminease, 
adenosine deaminase ribonuclease, trypsin, chemotrypsin, 
and papain, alkaline phosphatase, and other suitable 
enZymes, hormones, proteins, polypeptides, enZyme-protein 
conjugates, antibody-hapten conjugates, viral epitopes, etc.; 
antivirals such as: Ara-A (Arabinofuranosyladenine), 
Acylguanosine, NordeoXyguanosine, AZidothymidine, 
DideoXyadenosine, and DideoXycytidine; anti-cancer agents 
such as DideoXyinosine FloXuridine, 6-Mercaptopurine, 
DoXorubicin, Daunorubicin, and I-darubicin; and antibiotic 
such as Erythormycin, Vancomycin, oleandomycin, and 
Ampicillin; antiarrhythmics such as Quinidine; and antico 
agulants such as Heparins. 

[0104] In the practice of the present invention When the 
therapeutic agent is employed in a conjugated form, suitable 
polymers for conjugation With the therapeutic agents are 
employed so as to obtain the desirable characteristics enu 
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merated above. Such modi?ed therapeutic agents may be 
employed for sustained in vivo delivery of the therapeutic 
agent. 

[0105] The present invention provides microemulsion for 
mulations for delivery of therapeutic agents orally in their 
active form. The invention may also be practiced With 
amphiphilic prodrugs that are therapeutically effective by 
oral or parenteral administration. 

[0106] Within the broad scope of the present invention, 
microemulsion formulations are provided including agents 
useful for therapeutic applications, as Well as immunoassay, 
diagnostic, and other non-therapeutic (e.g., in vitro) appli 
cations. The formulations of the present invention may be 
employed to provide stabiliZed peptide and nucleoside com 
positions variously suitable for in vivo as Well as non-in viva 
applications, Wherein the peptide and nucleoside agents may 
be conjugated and/or unconjugated in character. 

[0107] Within the broad scope of the present invention, 
When the therapeutic agent employed in the formulation is 
conjugated, a single polymer molecule may be employed for 
conjugation With a plurality of therapeutic agent species, and 
it may also be advantageous in the broad practice of the 
invention to utiliZe a variety of polymers as conjugating 
agents for a given therapeutic agent; combinations of such 
approaches may also be employed. Further, it Will be rec 
ogniZed that the conjugating polymer(s) may utiliZe any 
other groups, moieties, or other conjugated species, as 
appropriate to the end use application. By Way of eXample, 
it may be useful in some applications to covalently bond to 
the polymer a functional moiety imparting UV-degradation 
resistance, or antioxidant character, or other properties or 
characteristics to the polymer. As a further eXample, it may 
be advantageous in some applications to functionaliZe the 
polymer to render same reactive or cross-linkable in char 
acter, to enhance various properties or characteristics of the 
overall conjugated material. Accordingly, the polymer may 
contain any functionality, repeating groups, linkages, or 
other constituent structures Which do not preclude the ef? 
cacy of the conjugated composition for its intended purpose. 

[0108] Illustrative polymers that may usefully be 
employed achieve these desirable characteristics are 
described herein beloW in an eXemplary reaction scheme. In 
covalently bonded peptide applications, the polymers may 
be functionaliZed and then coupled to free amino acid(s) of 
the peptide(s) to form labile bonds Which permit retention of 
activity With the labile bonds intact. Removal of the bond by 
chemical hydrolysis and proteolysis then enhances the pep 
tidal activity. 

[0109] The polymers utiliZed in the invention, When the 
therapeutic agent employed in the formulation is conjugated, 
may suitably incorporate in their molecules constituents 
such as edible fatty acids (lipophilic end), polyethylene 
glycols (Water soluble end), acceptable sugar moieties 
(receptor interacting end), and spacers for therapeutic agent 
attachment. Among the polymers of choice, polysorbates are 
particularly preferred and are chosen to illustrate various 
embodiments of the invention in the ensuing discussion 
herein. The scope of this invention is of course not limited 
to polysorbates, and various other polymers incorporating 
above-described moieties may usefully be employed in the 
broad practice of this invention. Sometimes it may be 
desirable to eliminate one of such moieties and to retain 
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others in the polymer structure, Without loss of objectives. 
When it is desirable to do so, the preferred moieties to 
eliminate Without losing the objectives and bene?ts of the 
invention are the sugar and/or the spacer moieties. 

[0110] It is preferred to operate With conjugating polymers 
Whose molecular Weights are in the range of betWeen 120 
and 10,000 daltons. 

[0111] In the practice of the present invention, polyalky 
lene glycol residues of C2-C4 alkyl polyalkylene glycols, 
preferably polyethylene glycol (PEG), are advantageously 
incorporated in the polymer systems of interest. 

[0112] The presence of these PEG residues Will impart 
hydrophilic properties to the polymer and to the correspond 
ing polymer-therapeutic agent conjugates. Certain glycolip 
ids are knoWn to stabiliZe therapeutic agents such as proteins 
and peptides. The mechanism of this stabiliZation probably 
involves association of the glycolipid fatty acid moieties 
With the hydrophobic domain of the peptide or protein; 
aggregation of the protein or peptide is thus prevented. It 
also is knoWn that aggregated peptides are poorly absorbed 
in the small intestine compared to native peptides. The 
invention therefore contemplates polymer-peptide conjuga 
tion products in Which the peptide, e.g., insulin, is conju 
gated With either the hydrophilic or hydrophobic residue of 
the polymer. The fatty acid portion of the polymer is 
provided to associate With the hydrophobic domain of the 
peptide and thus prevent aggregation in solution. The result 
ing polymer-peptide conjugates thus Will be: stabiliZed (to 
chemical and enZymatic hydrolysis); Water-soluble, due to 
the PEG residue; and, by virtue of the fatty acid-hydropho 
bic domain interactions, not prone to aggregation. 

[0113] Polyalkylene glycol derivatiZation has a number of 
advantageous properties in the formulation of polymer 
therapeutic agent conjugates in the practice of the present 
invention, as associated With the folloWing properties of 
polyalkylene glycol derivatives: improvement of aqueous 
solubility, While at the same time eliciting no antigenic or 
immunogenic response; high degrees of biocompatibility; 
absence of in vivo biodegradation of the polyalkylene glycol 
derivatives; and ease of excretion by living organisms. 

[0114] The polymers employed in the practice of the 
present invention as conjugating components of the inven 
tive formulation thus comprise lipophilic and hydrophilic 
moieties, rendering the resulting polymer-drug conjugate 
highly effective (bioactive) in oral as Well as parenteral and 
other modes of physiological administration. As used here 
inafter, the terms “drug” and “therapeutic agent” are used 
interchangeably. 

[0115] Set out beloW as illustrative examples of polymer 
therapeutic agent conjugates of the present invention are the 
formulae of covalently bonded conjugates denoted for ease 
of subsequent reference as Conjugate 1, Conjugate 2, and 
Conjugate 3, Wherein “drug” is insulin or other therapeutic 
agent, and speci?c values of m, n, W, X, and y Will be 
described in the ensuing discussion. 
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[0116] Wherein: 

[0117] 
[0118] R=oleic acid: 

[0119] or other fatty acid radicals from C4-C2‘). 

Conjugate 2: 

O O 

[0120] Wherein: m and n each are independently from 1 to 
125. 

Conjugate 3: 

0 

[0121] Wherein: m and n each are independently from 1 to 
125. 

[0122] Conjugate 1 features commercially available 
polysorbate monooleate at the center of the polymeric 
system, a sugar derivative used in many pharmaceutical 
applications. Lipophilic and absorption enhancing proper 
ties are imparted by the fatty acid chain, While the polyeth 
ylene glycol (PEG) residues provide a hydrophilic (hydro 
gen bond accepting) environment. Drug is attached through 
a carbamate linkage adjacent to the PEG region of the 
polymer. 

[0123] In Conjugate 2 the sugar residue is eXcluded, but 
drug is once again attached to the polymer through a 
carbamate bond adjacent to the hydrophilic PEG region of 
the polymer. The lipophilic fatty acid region of the polymer 
is thus some distance from the point of attachment to drug, 
e.g. insulin. 
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[0124] The arrangement described above for Conjugate 2 
is reversed in the case of Conjugate 3. Once more the sugar 
residue is excluded, but in this structure the lipophilic fatty 
acid residue is closest to the point of attachment to drug and 
the hydrophilic PEG region is distant from the point of 
attachment, Which again is through a carbamate bond. 

[0125] Varied alignments of hydrophilic and lipophilic 
regions relative to the point of attachment of the polymer to 
the drug are possible in the broad practice of the invention, 
and such variation Will result in polymers Which provide 
lipophilic and hydrophilic domains to the drug. In Conju 
gates 1, 2, and 3 the point of attachment of the carbamate 
bond betWeen the polymers is preferably the amine function. 

[0126] In the general practice of the invention, various 
methods of coupling the polymers to the therapeutic agent, 
e.g., peptide, nucleoside, etc. are available and are discussed 
more fully hereinafter. 

[0127] The polymers utiliZed in therapeutic agent conju 
gation in accordance With the invention are designed to 
incorporate good physical characteristics that enable them to 
achieve the desired objectives. Absorption enhancers, While 
enabling penetration of the drug through the cell membrane, 
do not improve the stability characteristics of the drug, and 
in vivo applications may therefore utiliZe the polymer-drug 
conjugates of the invention in formulations devoid of such 
penetration enhancers. One aspect of the present invention 
therefore relates to the incorporation of fatty moiety Within 
the polymer, to mimic penetration enhancers. The micro 
emulsion formulations of the invention are preferably 
devoid of any protease inhibitors. Protease inhibitors have 
been used in the prior art to enhance the stability of 
proteinaceous therapeutic agents, as hereinearlier discussed, 
but are desirably absent in the microemulsion formulations 
of the present invention. 

[0128] In the covalently conjugated polymer-therapeutic 
agent conjugates of the present invention, the drug may be 
covalently attached to the Water-soluble polymer by means 
of a labile chemical bond. This covalent bond betWeen the 
drug and the polymer may be cleaved by chemical or 
enZymatic reaction. The polymer-drug product retains an 
acceptable amount of activity; full activity of the component 
drug is realiZed When the polymer is completely cleaved 
from the drug. Concurrently, portions of polyethylene glycol 
are present in the conjugating polymer to endoW the poly 
mer-drug conjugate With high aqueous solubility and pro 
longed blood circulation capability. The modi?cations 
described above confer improved solubility, stability, and 
membrane affinity properties on the drug. As a result of these 
improved characteristics the invention contemplates 
parenteral and oral delivery of both the active polymer-drug 
species and, folloWing hydrolytic cleavage, bioavailability 
of the drug per se, in in vivo applications. 

[0129] The polymers used in the embodiment described 
beloW can be classi?ed as polyethylene glycol modi?ed 
lipids and polyethylene glycol modi?ed fatty acids. Among 
preferred conjugating polymers may be mentioned polysor 
bates comprising monopalmitate, dipalmitate, tripalmitate, 
monolaurate, dilaurate, trialaurate, monooleate, dioleate, 
trioleate, monostearate, distearate, and tristearate. Other 
loWer fatty acids can be utiliZed. The number average 
molecular Weight of polymer resulting from each combina 
tion is preferred to be in the range of from about 750 to about 
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5,000 daltons. Alternative polymers of preference are poly 
ethylene glycol ethers or esters of fatty acids, such fatty 
acids being lauric, palmitic, oleic, and stearic acids, and 
other loWer fatty acids can be utiliZed, With the polymers 
ranging from 250 to 5,000 daltons in number average 
molecular Weight. It is preferred to have a derivatiZable 
group in the polymer, Where such group can be at the end 
terminating With polyethylene glycol or at the end terminat 
ing With fatty moiety. The derivatiZable group may also be 
situated Within the polymer and thus may serve as a spacer 
betWeen the peptide (or other therapeutic agent) and the 
polymer. 
[0130] Several methods of modifying fatty acid sorbitan to 
achieve the desired polymer Will be discussed in further 
detail With structural illustrations. Polysorbates are esters of 
sorbitols and their anhydrides, Which are copolymeriZed 
With ethylene oxide. ShoWn beloW is the structure of a 
representative polymer. 

(Formula 1) 
HO(C2H4O)W 

[0131] The sum of W, X, y, Z is 20 and R1, R2 and R3 are 
each independently selected from the group consisting of 
lauric, oleic, palmitic and stearic acid radicals, or R1 and R2 
are each hydroXyl While R3 is lauric, palmitic, oleic or 
stearic acid radical, or loWer fatty acid. These polymers are 
commercially available and are used in pharmaceutical 
formulations. Where a higher molecular Weight polymer is 
desired, it may be synthesiZed from glycolipids such as 
sorbitan monolaurate, sorbitan monooleate, sorbitan mono 
palmitate or sorbitan monostearate, and an appropriate poly 
ethylene glycol. Structures of glycolipids Which may be 
used as starting reagents are depicted beloW. 

(Formula 2) 
HO pH 

m=10 to 16 

[0132] In the synthesis of glycolipid polymers substituted 
in three positions With polyethylene glycol, a desired poly 
ethylene glycol having tWo free hydroXyls at the termini is 
protected at one terminus With a trityl group in pyridine 
using one mole of trityl chloride. The remaining free 
hydroXyl group of the polyethylene glycol is converted to 
either tosylate or bromide. The desired glycolipid is dis 
solved in a suitable inert solvent and treated With sodium 
hydride. The tosylate or bromide of the protected polyeth 



US 2003/0229006 A1 

ylene glycol is dissolved in inert solvent and added in excess 
to the solution of glycolipid. The product is treated With a 
solution of para-toluenesulfonic acid in anhydrous inert 
solvent at room temperature and puri?ed by column chro 
matography. The structures of the transformation are 
depicted beloW. 

(Formula 3) 

NaH 
BrCH2CH2(OC2H4) OTrityl(eX) —> 

Trityl — O — (C2H4O)X (OC2H4)yOTrityl 
b 

(OC2H4)ZOTrityl g, 

m = 10 to 16 

Sum of X,y,Z : 8 to 240 

[0133] By adjusting the molar equivalent of reagents and 
using the appropriate molecular Weight range of polyethyl 
ene glycol, mono or disubstituted glycolipids of the desired 
molecular Weight range can be obtained by folloWing the 
above procedures. 

(Formula 4) 
HO pH 

[0134] Wherein each n and m may vary indepen 
dently, and have any suitable value appropriate to the 
speci?c drug being stabiliZed, e.g., from 1 to 16. 

[0135] The sugar portion of the glycolipid described above 
can be substituted With glycerol or arninoglycerol Whose 
structural formulae are shoWn beloW. 
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(F0 rmula 5) 
CHZOH 

HO — CH 

CHZOH 
CHZNHZ 

HO — CH 

CHZOH 

[0136] In this modi?cation, the primary alcohol is ?rst 
etheri?ed or esteri?ed With a fatty acid moiety such as lauric, 
oleic, palmitic or stearic; the amino group is derivatiZed With 
fatty acids to form amides or secondary amino groups, as 
shoWn beloW. 

(Formula 6) 
O 

HO—CH 

/ 

HO—CH 

/ 
CHZOH 

HO—CH 

CHZOH 
CH2NH(CH2)H,CH3 

HO—CH 

CHZOH 

[0137] Wherein m may have any suitable value, e.g., 
from 10 to 16. 

[0138] The remaining primary alcohol group is protected 
With a trityl group While the secondary alcohol group is 
converted With polyethylene glycol to a desired polymer. 
Usually, the polyethylene glycol bears a leaving group at one 
terminal and a methoXy group at the other terminal. The 
polyethylene glycol is dissolved in inert solvent and added 
to a solution containing glycolipid and sodium hydride. The 
product is deprotected in para-toluenesulfonic acid at room 
temperature to give the desired polymer as depicted. 

p-TsA=Para toluenesulfonic acid 
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[0139] Sometimes it is desirable to incorporate fatty acid 
derivatives in different parts of the polyethylene glycol chain 
to achieve certain physicochemical properties similar to 
polysorbates that have been substituted With tWo/three mol 
ecules of fatty acids, e.g., polysorbate trioleate. 

[0140] Structures representing the polymers are shoWn in 
the reaction scheme beloW as the open chain of the polysor 
bate. 

O 

Dec. 11, 2003 
13 

varied Within the above ranges, relative to one another. 

Formulae 8 

[0142] In the synthesis of polymer A, it is desirable to 
protect the hydroXyl moieties on the ?rst and second carbon 
of glycerol, e.g. solketal. The remaining hydroXyl group is 
converted to the sodium salt in an inert solvent and reacted 
With halogenated or tosylated polyethylene glycol in Which 
one end of the polyethylene glycol has been protected as an 
ester. The glycerol protection is removed and the resulting 
tWo free hydroXyl groups are converted to the corresponding 
sodium salts. These salts are reacted in inert solvent With 
polyethylene glycol Which has been partially derivatiZed 
With fatty acids. Reaction takes place after the free hydroXyl 
is converted to the tosylate or bromide. 
























