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(57) ABSTRACT 

A composition including a surfactant and at least one alkyl 
glycoside and/or saccharide alkyl ester and a drug. The 
surfactant composition(s) When admixed With a drug is 
non-toxic and non-irritating, While stabilizing and increasing 
the bioavailability of the drug. The invention also provides 
compositions that enhance absorption of drugs via the oral, 
ocular, nasal, nasolacrimal, inhalation or pulmonary, oral 
cavity (sublingual or Buccal cell) or CSF delivery route of 
a patient, including but not limited to insulin, glucagon and 
eXendin-4. 
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ABSORPTION ENHANCERS FOR DRUG 
ADMINISTRATION 

CROSS REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This application claims the bene?t of priority under 
35 USC. § 119(e) of US. application Ser. No. 60/649,958 
?led Feb. 3, 2005, noW pending; the bene?t under 35 USC 
§ 119(e) of US. application Ser. No. 60/637,284 ?led Dec. 
17, 2004, noW pending; the bene?t under 35 USC § 119(e) 
of US. application Ser. No. 60/632,038 ?led Nov. 30, 2004, 
noW pending; the bene?t under 35 USC § 119(e) of US. 
application Ser. No. 60/609,890 ?led Sep. 14, 2004, noW 
pending; and the bene?t under 35 USC § 119(e) of US. 
application Ser. No. 60/604,296 ?led Aug. 25, 2004, noW 
pending. The disclosure of each of the prior applications is 
considered part of and is incorporated by reference in the 
disclosure of this application. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to non-irritating, 
non-toxic compositions providing enhanced bioavailability 
and more speci?cally to alkyl glycoside or saccharide alkyl 
ester compositions for delivery of therapeutic agents to a 
subject. 

BACKGROUND INFORMATION 

[0003] Therapeutic agents are often combined With vari 
ous surfactants. Yet, surfactants are frequently irritating to 
the skin and other tissues, including mucosal membranes 
such as those found in the nose, mouth, eye, vagina, rectum, 
esophagus, intestinal tract, and the like. Many surfactants 
also cause proteins to denature, thus destroying their bio 
logical activity. Another serious limitation to the develop 
ment and use of such agents is the ability to deliver them 
safely, non-invasively, ef?ciently and stably to the site of 
action. Therefore, an ideal enhancing surfactant Will stabi 
liZe the therapeutic agent, be non-toxic and non-irritable to 
the skin or mucosal surfaces, and enhance the passage or 
absorption of the therapeutic agent through various mem 
brane barriers Without damaging the structural integrity and 
biological function of the membrane and increase bioavail 
ability of the agent. 

SUMMARY OF THE INVENTION 

[0004] The present invention is based, in part, on the 
development of a therapeutic composition containing a drug 
enhancing agent useful for increasing the absorption and 
bioavailability of the drug, While at the same time avoiding 
various adverse toxic effects of drug. In particular, the drug 
enhancing agents of the invention contain a non-toxic sur 
factant consisting of at least an alkyl glycoside and/or 
saccharide alkyl ester. One advantage of the therapeutic 
compositions of the invention is that they permit adminis 
tration and delivery of the therapeutic agents With high 
bioavailabilities at concentrations of enhancing agents that 
are dramatically beloW their so-called “no observable 
adverse effect levels” (their NOAEL’s). Accordingly, the 
present invention provides compositions, including alkyl 
glycosides and/or saccharide alkyl esters and a therapeutic 
agent (e.g. small molecule organic drug molecules, loW 
molecular Weight peptides such as Exenatide, GLP-1 and the 
like, proteins, and non-peptide therapeutic polymers such as 
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loW molecular Weight heparin and inhibitory RNA), meth 
ods of administering and using the compositions eg via the 
oral, ocular, nasal, nasolacrimal, inhalation or pulmonary, 
oral cavity (sublingual or Buccal cell) or cerebral spinal ?uid 
(CSF) delivery route, and methods of ameliorating a disease 
state in a subject by administration of such compositions 

[0005] In one aspect, the present invention relates to a 
surfactant composition having at least one alkyl glycoside 
and/or at least one saccharide alkyl ester, and When admixed, 
mixed or blended With a therapeutic agent, a drug, or 
biologically active compound, the surfactant stabiliZes the 
biological activity and increases the bioavailability of the 
drug. 

[0006] Accordingly, in one aspect, the invention provides 
a therapeutic composition having at least one biologically 
active compound and at least one surfactant, Wherein the 
surfactant further consists of at least one alkyl glycoside 
and/or saccharide alkyl ester or sucrose ester and Wherein 
the therapeutic composition stabiliZes the biologically active 
compound for at least about 6 months, or more, and from 
about 4° C. to about 25° C. 

[0007] The invention also provides a method of adminis 
tering a therapeutic composition having a surfactant includ 
ing at least one alkyl glycoside and/or saccharide alkyl ester 
admixed, mixed, or blended With at least one therapeutic 
agent, or a drug, or biologically active compound, and 
administered or delivered to a subject, Wherein the alkyl has 
from about 10 to 24, 10 to 20, 10 to 16, or 10 to 14 carbon 
atoms, Wherein the surfactant increases the stability and 
bioavailability of the therapeutic agent. 

[0008] In yet another aspect, the invention provides a 
method of increasing absorption of a loW molecular Weight 
compound into the circulatory system of a subject by 
administering the compound via the oral, ocular, nasal, 
nasolacrimal, inhalation or pulmonary, oral cavity (sublin 
gual or Buccal cell), or CSF delivery route When admixed, 
mixed or blended With an absorption increasing amount of 
a suitable surfactant, Wherein the surfactant is a nontoxic and 
nonionic hydrophobic alkyl joined by a linkage to a hydro 
philic saccharide. Such loW molecular Weight compounds 
include but are not limited to, nicotine, interferon, PYY, 
GLP-1, synthetic exendin-4, parathyroid hormone, human 
groWth hormone, or a small organic molecule. 

[0009] The present invention also provides a method of 
treating diabetes including administering to a subject in need 
thereof via the oral, ocular, nasal, nasolacrimal, inhalation or 
pulmonary, or oral cavity (sublingual or Buccal cell), a blood 
glucose reducing amount of a therapeutic composition, for 
example, an incretin mimetic agent or a functional equiva 
lent thereof, and an absorption increasing amount of a 
suitable nontoxic, nonionic alkyl glycoside having a hydro 
phobic alkyl group joined by a linkage to a hydrophilic 
saccharide, thereby increasing the absorption of incretin 
mimetic agent or insulin and loWering the level of blood 
glucose and treating diabetes in the subject. 

[0010] The present invention also provides a method of 
treating congestive heart failure in a subject including 
administering to the subject in need thereof via the oral, 
ocular, nasal, nasolacrimal, or inhalation delivery route, a 
therapeutically effective amount of a composition compris 
ing a GLP-1 peptide or a functional equivalent thereof, and 
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an absorption increasing amount of a suitable nontoxic, 
nonionic alkyl glycoside having a hydrophobic alkyl joined 
by a linkage to a hydrophilic saccharide, thereby treating the 
subject. 
[0011] In another aspect, the invention provides a method 
of treating obesity or diabetes associated With obesity in a 
subject comprising administering to a subject in need thereof 
via the oral, ocular, nasal, nasolacrimal, inhalation or CSF 
delivery route, a therapeutically effective amount of a com 
position comprising a PYY peptide or a functional equiva 
lent thereof, and an absorption increasing amount of a 
suitable nontoxic, nonionic alkyl glycoside having a hydro 
phobic alkyl joined by a linkage to a hydrophilic saccharide, 
thereby treating the subject. 

[0012] In another aspect, the invention provides a method 
of increasing absorption of a loW molecular Weight thera 
peutic compound into the circulatory system of a subject by 
administering via the oral, ocular, nasal, nasolacrimal, inha 
lation or CSF delivery route the compound and an absorp 
tion increasing amount of a suitable nontoxic, nonionic alkyl 
glycoside having a hydrophobic alkyl group joined by a 
linkage to a hydrophilic saccharide, Wherein the compound 
is from about 1-30 kD, With the proviso that the compound 
is not insulin, calcitonin, or glucagon When the route of 
administration is oral, ocular, nasal, or nasolacrimal. 

[0013] The present invention also provides a method of 
increasing absorption of a loW molecular Weight therapeutic 
compound into the circulatory system of a subject by 
administering via the oral, ocular, nasal, nasolacrimal, inha 
lation or pulmonary, oral cavity (sublingual or Buccal cell) 
or CSF delivery route the compound and an absorption 
increasing amount of a suitable nontoxic, nonionic alkyl 
glycoside having a hydrophobic alkyl joined by a linkage to 
a hydrophilic saccharide, Wherein the compound is from 
about 1-30 kilo Daltons (kD), With the proviso that the 
subject does not have diabetes When delivery is via the oral, 
ocular, nasal or nasolacrimal routes. 

[0014] In one aspect of the invention, there is provided a 
pharmaceutical composition having a suitable nontoxic, 
nonionic alkyl glycoside having a hydrophobic alkyl group 
joined by a linkage to a hydrophilic saccharide in combi 
nation With a therapeutically effective amount of Exenatide 
(exendin-4) in a pharmaceutically acceptable carrier. 

[0015] In one aspect, the invention provides a pharmaceu 
tical composition having a suitable nontoxic, nonionic alkyl 
glycoside having a hydrophobic alkyl group joined by a 
linkage to a hydrophilic saccharide in combination With a 
therapeutically effective amount of GLP-1 in a pharmaceu 
tically acceptable carrier. 

[0016] In one aspect, the invention provides a pharmaceu 
tical composition having a suitable nontoxic, nonionic alkyl 
glycoside having a hydrophobic alkyl group joined by a 
linkage to a hydrophilic saccharide in combination With a 
therapeutically effective amount of nicotine in a pharma 
ceutically acceptable carrier. 

[0017] In one aspect, the invention provides a pharmaceu 
tical composition comprising a suitable nontoxic, nonionic 
alkyl glycoside having a hydrophobic alkyl group joined by 
a linkage to a hydrophilic saccharide in combination With a 
therapeutically effective amount of interferon in a pharma 
ceutically acceptable carrier. 
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[0018] In one aspect, the invention provides pharmaceu 
tical composition having a suitable nontoxic, nonionic alkyl 
glycoside having a hydrophobic alkyl group joined by a 
linkage to a hydrophilic saccharide in combination With a 
therapeutically effective amount of PYY in a pharmaceuti 
cally acceptable carrier. 

[0019] In one aspect, the invention provides a pharmaceu 
tical composition having a suitable nontoxic, nonionic alkyl 
glycoside having a hydrophobic alkyl group joined by a 
linkage to a hydrophilic saccharide in combination With a 
therapeutically effective amount of parathyroid hormone in 
a pharmaceutically acceptable carrier. 

[0020] In one aspect, the invention provides a pharmaceu 
tical composition having a suitable nontoxic, nonionic alkyl 
glycoside having a hydrophobic alkyl group joined by a 
linkage to a hydrophilic saccharide in combination With a 
therapeutically effective amount of a peptide having a 
molecular Weight of about 1-75 kD in a pharmaceutically 
acceptable carrier, With the proviso that the peptide is not 
insulin, calcitonin, and glucagon. 

[0021] In one aspect, the invention provides a pharmaceu 
tical composition having a suitable nontoxic, nonionic alkyl 
glycoside having a hydrophobic alkyl group joined by a 
linkage to a hydrophilic saccharide in combination With a 
therapeutically effective amount erythropoietin in a pharma 
ceutically acceptable carrier. 

[0022] In one aspect, the invention provides a method of 
increasing absorption of a compound into the CSF of a 
subject having administered intranasally the compound and 
an absorption increasing amount of a suitable nontoxic, 
nonionic alkyl glycoside having a hydrophobic alkyl group 
joined by a linkage to a hydrophilic saccharide. 

[0023] In yet another aspect, the invention provides a 
pharmaceutical composition having a suitable nontoxic, 
nonionic alkyl glycoside having a hydrophobic alkyl group 
joined by a linkage to a hydrophilic saccharide in combi 
nation With a mucosal delivery-enhancing agent selected 
from: 

[0024] 
[0025] 
[0026] 
[0027] 
[0028] 
[0029] 
[0030] (g) a membrane penetration-enhancing agent 
selected from: 

[0031] a surfactant; (ii) a bile salt; (ii) a phospholipid 
additive, mixed micelle, liposome, or carrier; (iii) an 
alcohol; (iv) an enamine; (v) an NO donor compound; 
(vi) a long-chain amphipathic molecule; (vii) a small 
hydrophobic penetration enhancer; (viii) sodium or a 
salicylic acid derivative; a glycerol ester of 
acetoacetic acid; a cyclodextrin or beta-cyclodex 
trin derivative; a medium-chain fatty acid; (xii) a 
chelating agent; (xiii) an amino acid or salt thereof; 
(xiv) an N-acetylamino acid or salt thereof; (xv) an 
enZyme degradative to a selected membrane compo 
nent; an inhibitor of fatty acid synthesis; an 

(a) an aggregation inhibitory agent; 

(b) a charge-modifying agent; 

(c) a pH control agent; 

(d) a degradative enZyme inhibitory agent; 

(e) a mucolytic or mucus clearing agent; 

(f) a ciliostatic agent; 
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inhibitor of cholesterol synthesis; and any combi 
nation of the membrane penetration enhancing agents 
recited in (i)-(x); 

[0032] (h) a modulatory agent of epithelial junction physi 
0logy; 
[0033] a vasodilator agent; 

[0034] a selective transport-enhancing agent; and 

[0035] (k) a stabilizing delivery vehicle, carrier, mucoad 
hesive, support or complex-forming species With Which the 
compound is effectively combined, associated, contained, 
encapsulated or bound resulting in stabiliZation of the com 
pound for enhanced nasal mucosal delivery, Wherein the 
formulation of the compound With the intranasal delivery 
enhancing agents provides for increased bioavailability of 
the compound in a blood plasma of a subject. 

[0036] In one aspect, the invention provides a method of 
increasing absorption of a loW molecular Weight compound 
into the circulatory system of a subject by administering, via 
the oral, ocular, nasal, nasolacrimal, inhalation or pulmo 
nary, oral cavity (sublingual or Buccal cell) or CSF delivery 
route (a) the compound; (b) an absorption increasing amount 
of a suitable nontoxic, nonionic alkyl glycoside having a 
hydrophobic alkyl group joined by a linkage to a hydrophilic 
saccharide; and (c) a mucosal delivery-enhancing agent. 

[0037] In one aspect, the invention provides a method of 
controlling caloric intake by administering a composition 
having a therapeutic effective amount of exendin-4, or 
related GLP-l peptide, With an effective amount of Intravail 
alkyl saccharide. 

[0038] In another aspect, the invention provides a method 
of controlling blood glucose levels in a subject by admin 
istering to a subject a composition comprising a therapeutic 
effective amount of exendin-4, or related GLP-l peptide, 
With an effective amount of Intravail alkyl saccharide. 

[0039] Still, in another aspect, the invention provides a 
controlled release dosage composition comprising: 

[0040] (a) a core comprising: 

[0041] at least one therapeutic agent or drug; 

[0042] (ii) at least one alkyl glycoside and/or saccharide 
alkyl ester; and 

[0043] (b) at least one membrane coating surrounding the 
core, Wherein the coating is impermeable, permeable, semi 
permeable or porous and becomes more permeable upon 
sustained contact With contents of the gastrointestinal tract. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1 is a graph shoWing the intranasal percent 
bioavailability compared to intravenous injection and the 
subject-to-subject coef?cients of variation for MIACAL 
CIN® (salmon calcitonin) With and Without alkyl glycoside. 

[0045] FIG. 2 is a graph shoWing the effect of intranasal 
administration of insulin/0.25% TDM (?lled circles) and 
intranasal administration of insulin alone (open circles) in 
reducing blood glucose levels. 

[0046] FIG. 3 is a graph shoWing the effect of intranasal 
(closed triangles) and intraperitoneal (IP) injection (closed 
circles) administration of exendin-4/0.25% TDM and IP 
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injection of saline alone, minus TDM (open circles) in 
reducing blood glucose levels folloWing oral administration 
of glucose (i.e., in a so-called “glucose tolerance test”). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0047] The present invention may be understood more 
readily by reference to the folloWing detailed description of 
speci?c embodiments and the Examples included therein. 

[0048] The present invention is based on the discovery 
that therapeutic compositions comprising of least one drug 
and at least one surfactant, Wherein the surfactant is com 
prised of at least one alkyl glycoside and/or at least one 
saccharide alkyl ester are stable, non-toxic, non-irritating, 
anti-bacterial compositions that increase bioavailability of 
the drug and have no observable adverse effects When 
administered to a subject. 

[0049] A “therapeutic composition” can consist of an 
admixture With an organic or inorganic carrier or excipient, 
and can be compounded, for example, With the usual non 
toxic, pharmaceutically acceptable carriers for tablets, pel 
lets, capsules, suppositories, solutions, emulsions, suspen 
sions, or other form suitable for use. The carriers, in addition 
to those disclosed above, can include glucose, lactose, 
mannose, gum acacia, gelatin, mannitol, starch paste, mag 
nesium trisilicate, talc, corn starch, keratin, colloidal silica, 
potato starch, urea, medium chain length triglycerides, dex 
trans, and other carriers suitable for use in manufacturing 
preparations, in solid, semisolid, or liquid form. In addition, 
auxiliary stabiliZing, thickening or coloring agents can be 
used, for example a stabiliZing dry agent such as triulose. 

[0050] A “drug” is any therapeutic compound, or mol 
ecule, or therapeutic agent, or biologically active compound, 
including but not limited to nucleic acids, small molecules, 
proteins, polypeptides or peptides, etc. The term “nucleic 
acids” also denotes DNA, cDNA, RNA, siRNA, RNAi, etc. 
Which encode translated and untranslated regions or inhibits 
translated or untranslated regions of structural genes encod 
ing a peptide or protein of the invention. For example, a 
nucleic acid of the invention can include 5‘ and 3‘ untrans 
lated regulatory nucleotide sequences as Well as translated 
sequences associated With the structural gene, e.g. GLP-l. 

[0051] Apeptide of the invention may be any medically or 
diagnostically useful peptide or protein of small to medium 
size (ie up to about 15 kD, 30 kD, 40 kD, 50 kD, 60 kD, 
70 kD, 80 kD, 90 kD, 100 kD, for example). The mecha 
nisms of improved polypeptide absorption are described in 
US. Pat. No. 5,661,130 Which is hereby incorporated by 
reference in its entirety. Invention compositions can be 
mixed With all such peptides, although the degree to Which 
the peptide bene?ts are improved may vary according to the 
molecular Weight and the physical and chemical properties 
of the peptide, and the particular surfactant used. Examples 
of polypeptides include vasopressin, vasopressin polypep 
tide analogs, desmopressin, glucagon, corticotropin 
(ACTH), gonadotropin, calcitonin, C-peptide of insulin, 
parathyroid hormone (PTH), groWth hormone (HG), human 
groWth hormone (hGH), groWth hormone releasing hormone 
(GHRH), oxytocin, corticotropin releasing hormone (CRH), 
somatostatin or somatostatin polypeptide analogs, gonadot 
ropin agonist or gonadotrophin agonist polypeptide analogs, 
human atrial natriuretic peptide (ANP), human thyroxine 
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releasing hormone (TRH), follicle stimulating hormone 
(FSH), prolactin, insulin, insulin like growth factor-I (IGF-I) 
somatomedin-C (SM-C), calcitonin, leptin and the leptin 
derived short peptide OB-3, melatonin, GLP-1 or Glucagon 
like peptide-1,, GiP, neuropeptide pituitary adenylate 
cyclase, GM-1 ganglioside, nerve groWth factor (NGF), 
nafarelin, D-tryp6)-LHRH, FGF, VEGF antagonists, leupro 
lide, interferon (e.g., ot,[3, y) loW molecular Weight heparin, 
PYY, LHRH antagonists, Keratinocyte GroWth Factor 
(KGF), Glial-Derived Neurotrophic Factor (GDNF), ghre 
lin, and ghrelin antagonists. Further, in some aspects, the 
peptide or protein is selected from a groWth factor, inter 
leukin, polypeptide vaccine, enZyme, endorphin, glycopro 
tein, lipoprotein, or a polypeptide involved in the blood 
coagulation cascade. 

[0052] Other drugs or therapeutic compounds, molecules 
and/or agents include compounds or molecules of the central 
nervous system affecting neurotransmitters or neural ion 
channels (i.e. antidepressants (bupropion)), selective sero 
tonin 2c receptor agonists, anti-seiZure agents (topiramate, 
Zonisamide), some dopamine antagonists, and cannab 
inoid-1 receptor antagonists (rimonabant)); leptin/insulin/ 
central nervous system pathWay agents (i.e. leptin ana 
logues, leptin transport and/or leptin receptor promoters, 
ciliary neurotrophic factor (Axokine), neuropeptide Y and 
agouti-related peptide antagonists, proopiomelanocortin, 
cocaine and amphetamine regulated transcript promoters, 
alpha-melanocyte-stimulating hormone analogues, melano 
cortin-4 receptor agonists, protein-tyrosine phosphatase-1B 
inhibitors, peroXisome proliferator activated receptor 
gamma receptor antagonists, short-acting bromocriptine 
(ergoset), somatostatin agonists (octreotide), and adiponec 
tin); gastrointestinal-neural pathWay agents (i.e. agents that 
increase glucagon-like peptide-1 activity (eXtendin-4, lira 
glutide, dipeptidyl peptidase IV inhibitors), protein YY3-36, 
ghrelin, ghrelin antagonists, amylin analogues (pramlint 
ide)); and compounds or molecules that may increase resting 
metabolic rate “selective” beta-3 stimulators/agonist, mela 
nin concentrating hormone antagonists, phytostanol ana 
logues, functional oils, P57, amylase inhibitors, groWth 
hormone fragments, synthetic analogues of dehydroepi 
androsterone sulfate, antagonists of adipocyte 11B-hydroX 
ysteroid dehydrogenase type 1 activity, corticotropin-releas 
ing hormone agonists, inhibitors of fatty acid synthesis, 
carboXypeptidase inhibitors, and gastrointestinal lipase 
inhibitors (ATL962). 

[0053] The therapeutic composition of the invention 
includes a drug and a drug absorption enhancing agent, for 
eXample, a surfactant. The term “surfactant” is any surface 
active agent that modi?es interfacial tension of Water. Typi 
cally, surfactants have one lipophilic and one hydrophilic 
group in the molecule. Broadly, the group includes soaps, 
detergents, emulsi?ers, dispersing and Wetting agents, and 
several groups of antiseptics. More speci?cally, surfactants 
include stearyltriethanolamine, sodium lauryl sulfate, laury 
laminopropionic acid, lecithin, benZalkonium chloride, ben 
Zethonium chloride and glycerin monostearate; and hydro 
philic polymers such as polyvinyl alcohol, 
polyvinylpyrrolidone, carboXymethylcellulose sodium, 
methylcellulose, hydroXymethylcellulose, hydroXyethylcel 
lulose and hydroXypropylcellulose. 

[0054] Preferably, the surfactant of the invention consists 
of at least one suitable alkyl glycoside. As used herein, 
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“alkyl glycoside” refers to any sugar joined by a linkage to 
any hydrophobic alkyl, as is knoWn in the art. Any “suitable” 
alkyl glycoside means one that ful?lls the limiting charac 
teristics of the invention, i.e., that the alkyl glycoside be 
nontoXic and nonionic, and that it increases the absorption of 
a compound When it is administered With the compound via 
the ocular, nasal, nasolacrimal, inhalation or pulmonary, oral 
cavity (sublingual or Buccal cell), or CSF delivery route. 
Suitable compounds can be determined using the methods 
set forth herein. 

[0055] Alkyl glycosides of the invention can be synthe 
siZed by knoWn procedures, i.e., chemically, as described, 
e.g., in Rosevear et al., Biochemistry 19:4108-4115 (1980) 
or KoeltZoW and Urfer, J. Am. Oil Chem. Soc, 61:1651 
1655 (1984), US. Pat. No. 3,219,656 and US. Pat. No. 
3,839,318 or enZymatically, as described, e.g., in Li et al.,]. 
Biol. Chem., 266:10723-10726 (1991) or Gopalan et al., J. 
Biol. Chem. 267:9629-9638 (1992). 

[0056] Alkyl glycosides of the present invention can 
include, but are not limited to: alkyl glycosides, such as 
octyl-, nonyl-, decyl-, undecyl-, dodecyl-, tridecyl-, tetrade 
cyl-, pentadecyl-,heXadecyl-, heptadecyl-, and octadecyl-ot 
or [3-D-maltoside, -glucoside or -sucroside (synthesiZed 
according to KoeltZoW and Urfer; Anatrace Inc., Maumee, 
Ohio; Calbiochem, San Diego, Calif.; Fluka Chemie, SWit 
Zerland); alkyl thiomaltosides, such as heptyl, octyl, dode 
cyl-, tridecyI-, and tetradecyl-[3-D-thiomaltoside (synthe 
siZed according to Defaye, J. and Pederson, C., “Hydrogen 
Fluoride, Solvent and Reagent for Carbohydrate Conversion 
Technology” in Carbohydrates as Organic RaW Materials, 
247-265 W. Lichtenthaler, ed.) VCH Publishers, NeW 
York (1991); Ferenci, T., J. Bacteriol, 144:7-11 (1980)); 
alkyl thioglucosides, such as heptyl- or octyl 1-thio ot- or 
[3-D-glucopyranoside (Anatrace, Inc., Maumee, Ohio; see 
Saito, S. and Tsuchiya, T. Chem. Pharm. Bull. 33:503-508 
(1985)); alkyl thiosucroses (synthesiZed according to, for 
eXample, Binder, T. P. and Robyt, J. F., Carbohydr. Res. 
140:9-20 (1985)); alkyl maltotriosides (synthesiZed accord 
ing to KoeltZoW and Urfer); long chain aliphatic carbonic 
acid amides of sucrose [3-amino-alkyl ethers; (synthesiZed 
according to Austrian Patent 382,381 (1987); Chem. Abstr., 
108:114719 (1988) and Gruber and Greber pp. 95-116); 
derivatives of palatinose and isomaltamine linked by amide 
linkage to an alkyl chain (synthesiZed according to KunZ, 
M., “Sucrose-based Hydrophilic Building Blocks as Inter 
mediates for the Synthesis of Surfactants and Polymers” in 
Carbohydrates as Organic RaW Materials, 127-153); deriva 
tives of isomaltamine linked by urea to an alkyl chain 
(synthesiZed according to KunZ); long chain aliphatic car 
bonic acid ureides of sucrose [3-amino-alkyl ethers (synthe 
siZed according to Gruber and Greber, pp. 95-116); and long 
chain aliphatic carbonic acid amides of sucrose [3-amino 
alkyl ethers (synthesiZed according to Austrian Patent 382, 
381 (1987), Chem. Abstr., 108114719 (1988) and Gruber 
and Greber, pp. 95-116). 

[0057] Surfactants of the invention consisting of an alkyl 
glycoside and/or a sucrose ester have characteristic hydro 
phile-lipophile balance (HLB) numbers, Which can be cal 
culated or determined empirically (Schick, M. J. Nonionic 
Surfactants, p. 607 (NeW York: Marcel Dekker, Inc. (1967)). 
The HLB number is a direct re?ection of the hydrophilic 
character of the surfactant, i.e., the larger the HLB number, 
the more hydrophilic the compound. HLB numbers can be 



US 2006/0046962 A1 

calculated by the formula: (20 times MW hydrophilic com 
ponent)/(MW hydrophobic component+MW hydrophilic 
component), Where MW=molecular Weight (Rosen, M. J ., 
Surfactants and Interfacial Phenomena, pp.242-245, John 
Wiley, NeW York (1978)). The HLB number is a direct 
expression of the hydrophilic character of the surfactant, i.e., 
the larger the HLB number, the more hydrophilic the com 
pound. A preferred surfactant has an HLB number of from 
about 10 to 20 and an even more preferred range of from 
about 11 to 15. 

[0058] As described above, the hydrophobic alkyl can thus 
be chosen of any desired siZe, depending on the hydropho 
bicity desired and the hydrophilicity of the saccharide moi 
ety. For example, one preferred range of alkyl chains is from 
about 9 to about 24 carbon atoms. An even more preferred 
range is from about 9 to about 16 or about 14 carbon atoms. 
Similarly, some preferred glycosides include maltose, 
sucrose, and glucose linked by glycosidic linkage to an alkyl 
chain of 9, 10, 12, 13, 14, 16, 18, 20, 22, or 24 carbon atoms, 
e.g., nonyl-, decyl-, dodecyl- and tetradecyl sucroside, glu 
coside, and maltoside, etc. These compositions are nontoxic, 
since they are degraded to an alcohol and an oligosaccha 
ride, and amphipathic. 

[0059] The surfactants of the invention can also include a 
saccharide. As use herein, a “saccharide” is inclusive of 
monosaccharides, oligosaccharides or polysaccharides in 
straight chain or ring forms, or a combination thereof to 
form a saccharide chain. Oligosaccharides are saccharides 
having tWo or more monosaccharide residues. The saccha 
ride can be chosen, for example, from any currently com 
mercially available saccharide species or can be synthesiZed. 
Some examples of the many possible saccharides to use 
include glucose, maltose, maltotriose, maltotetraose, sucrose 
and trehalose. Preferable saccharides include maltose, 
sucrose and glucose. 

[0060] The surfactants of the invention can likeWise con 
sist of a sucrose ester. As used herein, “sucrose esters” are 
sucrose esters of fatty acids and is a complex of sucrose and 
fatty acid. Sucrose esters can take many forms because of 
the eight hydroxyl groups in sucrose available for reaction 
and the many fatty acid groups, from acetate on up to larger, 
more bulky fatty acids that can be reacted With sucrose. This 
?exibility means that many products and functionalities can 
be tailored, based on the fatty acid moiety used. Sucrose 
esters have food and non-food uses, especially as surfactants 
and emulsi?ers, With groWing applications in pharmaceuti 
cals, cosmetics, detergents and food additives. They are 
biodegradable, non-toxic and mild to the skin. 

[0061] The surfactants of the invention have a hydropho 
bic alkyl group linked to a hydrophobic saccharide. The 
linkage betWeen the hydrophobic alkyl group and the hydro 
philic saccharide can include, among other possibilities, a 
glycosidic, thioglycosidic (Horton), amide (Carbohydrates 
as Organic RaW Materials, F. W. Lichtenthaler ed., VCH 
Publishers, NeW York, 1991), ureide (Austrian Pat. 386,414 
(1988); Chem. Abstr. 110:137536p (1989); see Gruber, H. 
and Greber, G., “Reactive Sucrose Derivatives” in Carbo 
hydrates as Organic RaW Materials, pp. 95-116) or ester 
linkage (Sugar Esters: Preparation and Application, J. C. 
Colbert ed., (Noyes Data Corp., NeW Jersey), (1974)). 
Further, preferred glycosides can include maltose, sucrose, 
and glucose linked by glycosidic linkage to an alkyl chain of 
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about 9-16 carbon atoms, e.g., nonyl-, decyl-, dodecyl- and 
tetradecyl sucroside, glucoside, and maltoside. Again, these 
compositions are amphipathic and nontoxic, because they 
degrade to an alcohol and an oligosaccharide. 

[0062] The above examples are illustrative of the types of 
glycosides to be used in the methods claimed herein, but the 
list is not exhaustive. Derivatives of the above compounds 
Which ?t the criteria of the claims should also be considered 
When choosing a glycoside. All of the compounds can be 
screened for efficacy folloWing the methods taught herein 
and in the examples. 

[0063] The compositions of the present invention can be 
administered in a format selected from the group consisting 
of a tablet, a capsule, a suppository, a drop, a spray, an 
aerosol and a sustained release or delayed burst format. The 
spray and the aerosol can be achieved through use of an 
appropriate dispenser. The sustained release format can be 
an ocular insert, erodible microparticulates, sWelling 
mucoadhesive particulates, pH sensitive microparticulates, 
nanoparticles/latex systems, ion-exchange resins and other 
polymeric gels and implants (Ocusert, AlZa Corp., Califor 
nia; Joshi, A., S. Ping and K. J. Himmelstein, patent appli 
cation WO 91/19481). These systems maintain prolonged 
drug contact With the absorptive surface preventing Washout 
and nonproductive drug loss. The prolonged drug contact is 
non-toxic to the skin and mucosal surfaces. 

[0064] The surfactant compositions of the invention are 
stable. For example, Baudys et al. in US. Pat. No. 5,726,154 
shoW that calcitonin in an aqueous liquid composition 
comprising SDS (sodium dodecyl sulfate, a surfactant) and 
an organic acid is stable for at least 6 months. Similarly, the 
surfactant compositions of the present invention have 
improved stabiliZing characteristics When admixed With a 
drug. No organic acid is required in these formulations. For 
example, the composition of the invention maintains the 
stability of proteins and peptide therapeutics for about 6 
months, or more, When maintained at about 4° C. to 25° C. 

[0065] The stability of the surfactant compositions are, in 
part, due to their high no observable adverse effect level 
(NOAEL). The Environmental Protection Agency (EPA) 
de?nes the no observable adverse effect level (NOAEL) as 
the exposure level at Which there are no statistically or 
biologically signi?cant increases in the frequency or severity 
of adverse effects betWeen the exposed population and its 
appropriate control. Hence, the term, “no observable adverse 
effect level” (or NOAEL) is the greatest concentration or 
amount of a substance, found by experiment or observation, 
Which causes no detectable adverse alteration of morphol 
ogy, functional capacity, groWth, development, or life span 
of the target organism under de?ned conditions. 

[0066] The Food and Agriculture OrganiZation (FAO) of 
the United Nations of the World Health OrganiZation 
(WHO) has shoWn that some alkyl glycosides have very 
high NOAELs, alloWing for increased consumption of these 
alkyl glycosides Without any adverse effect. This report can 
be found on the World Wide Web at inchem.org/documents/ 
jecfa/jecmono/v10je11.htm. For example, the NOAEL for 
sucrose dodecanoate, a sucrose ester used in food products, 
is about 20-30 grams/kilogram/day, eg a 70 kilogram 
person (about 154 lbs.) can consume about 1400-2100 
grams (or about 3 to 4.6 pounds) of sucrose dodecanoate per 
day Without any observable adverse effect. Typically, an 
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acceptable daily intake for humans is about 1% of the 
NOAEL, Which translates to about 14-21 grams, or 14 
million micrograms to 21 million micrograms, per day, 
inde?nitely. De?nitions of NOAELs and other related de? 
nitions can be found on the World Wide Web at epa.gov/ 
OCEPAterms. Thus, although some effects may be produced 
With alkyl glycoside levels anticipated in the present inven 
tion, the levels are not considered adverse, or precursors to 
adverse effects. 

[0067] Accordingly, a subject treated With surfactant com 
positions of the invention having at least one alkyl glyco 
side, e.g. tetradecylmaltoside (TDM; or Intravail A), at a 
concentration of about 0.125% by Weight of alkyl glycoside 
tWo times per day, or three times per day, or more depending 
on the treatment regimen consumes about 200 to 300 
micrograms per day total of TDM. So, the effective dose of 
the TDM is at least 1000>< fold loWer than (i.e., 1/1000) of the 
NOAEL, and falls far beloW 1% of the NOAEL, Which is the 
acceptable daily intake; or in this case about 1/50,000 of the 
acceptable daily intake. Stated another Way, alkyl glycosides 
of the present invention have a high NOAEL, such that the 
amount or concentration of alkyl glycosides used in the 
present invention do not cause an adverse effect and can be 
safely consumed Without any adverse effect. 

[0068] The surfactant compositions of the invention are 
also stable because they are physiologically non-toxic and 
non-irritants. The term, “nontoxic” means that the alkyl 
glycoside molecule has a suf?ciently loW toxicity to be 
suitable for human administration and consumption. Pre 
ferred alkyl glycosides are non-irritating to the tissues to 
Which they are applied. Any alkyl glycoside used should be 
of minimal or no toxicity to the cell, such that it does not 
cause damage to the cell. Yet, toxicity for any given alkyl 
glycoside may vary With the concentration of alkyl glyco 
side used. It is also bene?cial if the alkyl glycoside chosen 
is metaboliZed or eliminated by the body and if this metabo 
lism or elimination is done in a manner that Will not be 
harmfully toxic. The term, “non-irritant” means that the 
agent does not cause in?ammation folloWing immediate, 
prolonged or repeated contact With the skin surface or 
mucous membranes. 

[0069] Moreover, one embodiment of the surfactant com 
positions, in particular, the sucrose esters, serve as anti 
bacterial agents. An agent is an “anti-bacterial” agent or 
substance if the agent or its equivalent destroy bacteria, or 
suppress bacterial groWth or reproduction. The anti-bacterial 
activity of sucrose esters and their fatty acids have been 
reported. Tetsuaki et al. (1997) “Lysis of Bacillus subtilis 
cells by glycerol and sucrose esters of fatty acids,”Appliea' 
and Environmental Microbiology, 53(3):505-508. Watanabe 
et al. (2000) describe that galactose and fructose laureates 
are particularly effective carbohydrate monoesters. 
Watanabe et al., (2000) “Antibacterial carbohydrate 
monoesters suppressing cell groWth of Streptococcus mutan 
in the presence of sucrose,”Curr Microbiol 41(3): 210-213. 
Hence, the present invention is not limited to the sucrose 
ester described herein, but encompasses other carbohydrate 
esters, including galactose and fructose esters, that suppress 
bacterial groWth and reproduction. 

[0070] The surfactant compositions of the invention are 
typically present at a level of from about 0.01% to 20% by 
Weight. More preferred levels of incorporation are from 
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about 0.01% to 5% by Weight, from about 0.01% to 2% by 
Weight, from about 0.01% to 1%, most preferably from 
about 0.01% to 0.125% by Weight. The surfactant is pref 
erably formulated to be compatible With other components 
present in the composition. In liquid, or gel, or capsule, or 
injectable, or spray compositions the surfactant is most 
preferably formulated such that it promotes, or at least does 
not degrade, the stability of any protein or enZyme in these 
compositions. Further, the invention optimiZes the concen 
tration by keeping the concentration of absorption enhancer 
as loW as possible, While still maintaining the desired effect. 

[0071] The compositions of the invention When adminis 
tered to the subject, yield enhanced mucosal delivery of the 
biologically active compound(s), or drug, With a peak con 
centration (or Cmax) of the compound(s) in a tissue, or ?uid, 
or in a blood plasma of the subject that is about 15%, 20%, 
or 50% or greater as compared to a Cmax of the com 
pound(s) in a tissue (e.g. CNS), or ?uid, or blood plasma 
folloWing intramuscular injection of an equivalent concen 
tration of the compound(s) to the subject. 

[0072] The measure of hoW much of the drug or com 
pound(s) reaches the bloodstream in a set period of time, eg 
24 hours can also be calculated by plotting drug blood 
concentration at various times during a 24-hour or longer 
period and then measuring the area under the curve (AUC) 
betWeen 0 and 24 hours. Similarly, a measure of drug 
ef?cacy can also be determined from a time to maximal 
concentration (tmax) of the biologically active compound(s) 
in a tissue (e.g. CNS) or ?uid or in the blood plasma of the 
subject betWeen about 0.1 to 1.0 hours. The therapeutic 
compositions of the invention increase the speed of onset of 
drug action (i.e., reduce Tmax) by a factor of about 1.5-fold 
to 2-fold. 

[0073] Also, the therapeutic compositions or formulations 
of the invention can be administered or delivered to a subject 
in need systemically or locally. Suitable routes may, for 
example, include oral, ocular, nasal, nasolacrimal, inhalation 
or pulmonary, oral cavity (sublingual or Buccal cell), trans 
mucosal administration, vaginal, rectal, parenteral delivery, 
including intramuscular, subcutaneous, intravenous, intrap 
eritoneal, or CSF delivery. Moreover, the mode of delivery 
e.g. liquid, gel, tablet, spray, etc. Will also depend on the 
method of delivery to the subject. 

[0074] Additionally, the therapeutic compositions of the 
invention can consist of a pharmaceutically acceptable car 
rier. A “pharmaceutically acceptable carrier” is an aqueous 
or non-aqueous agent, for example alcoholic or oleaginous, 
or a mixture thereof, and can contain a surfactant, emollient, 
lubricant, stabiliZer, dye, perfume, preservative, acid or base 
for adjustment of pH, a solvent, emulsi?er, gelling agent, 
moisturiZer, stabiliZer, Wetting agent, time release agent, 
humectant, or other component commonly included in a 
particular form of pharmaceutical composition. Pharmaceu 
tically acceptable carriers are Well knoWn in the art and 
include, for example, aqueous solutions such as Water or 
physiologically buffered saline or other solvents or vehicles 
such as glycols, glycerol, and oils such as olive oil or 
injectable organic esters. A pharmaceutically acceptable 
carrier can contain physiologically acceptable compounds 
that act, for example, to stabiliZe or to increase the absorp 
tion of the speci?c inhibitor, for example, carbohydrates, 
such as glucose, sucrose or dextrans, antioxidants, such as 
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ascorbic acid or glutathione, chelating agents, loW molecular 
Weight proteins or other stabilizers or excipients. A phar 
maceutically acceptable carrier can also be selected from 
substances such as distilled Water, benZyl alcohol, lactose, 
starches, talc, magnesium stearate, polyvinylpyrrolidone, 
alginic acid, colloidal silica, titanium dioxide, and ?avoring 
agents. 

[0075] Additionally, to decrease susceptibility of alkyl 
saccharides or saccharide alkyl esters to hydrolytic cleavage 
of the drug, various oxygen atoms Within the drugs can be 
substituted for by sulfur (Defaye, J. and Gelas, J. in Studies 
in Natural Product Chemistry (Atta-ur-Rahman, ed.) Vol. 8, 
pp. 315-357, Elsevier, Amsterdam, 1991). For example, the 
heteroatom of the sugar ring can be either oxygen or sulfur, 
or the linkage betWeen monosaccharides in an oligosaccha 
ride can be oxygen or sulfur (Horton, D. and Wander, J. D., 
“Thio Sugars and Derivatives,” The Carbohydrates: Chem 
istry and Biochemistry, 2d. Ed. Vol. IB, Reyman and D. 
Horton eds.), pp. 799-842, (Academic Press, NeW York), 
(1972)). Oligosaccharides can have either 0t (alpha) or [3 
(beta) anomeric con?guration (see Pacsu, E., et al. in Meth 
ods in Carbohydrate Chemistry (R. L. Whistler, et al., eds.) 
Vol. 2, pp. 376-385, Academic Press, NeW York 1963). 

[0076] A composition of the invention can be prepared in 
tablet form by mixing a therapeutic agent or drug and one 
alky glycoside and/or saccharide alkyl ester according to the 
invention, and an appropriate pharmaceutical carrier or 
excipient, for example mannitol, corn starch, polyvinylpyr 
rolidone or the like, granulating the mixture and ?nally 
compressing it in the presence of a pharmaceutical carrier 
such as corn starch, magnesium stearate or the like. If 
necessary, the formulation thus prepared may include a 
sugar-coating or enteric coating or covered in such a Way 
that the active principle is released gradually, for example, 
in the appropriate pH medium. 

[0077] The term “enteric coating,” is a polymer encasing, 
surrounding, or forming a layer, or membrane around the 
therapeutic composition or core. Also, the enteric coating 
can contain a drug Which is compatible or incompatible With 
the coating. One tablet composition may include an enteric 
coating polymer With a compatible drug Which dissolves or 
releases the drug at higher pH levels (e.g., pH greater than 
4.0, greater than 4.5, greater than 5.0 or higher) and not at 
loW pH levels (e.g., pH 4 or less); or the reverse. 

[0078] In a preferred embodiment, the dose dependent 
release form of the invention is a tablet comprising: 

0079 a a core com risin : P g 

[0080] a therapeutic agent or drug; 

[0081] (ii) a surfactant comprising at least one alkyl 
glycoside and/or saccharide alkyl ester; and 

[0082] (b) at least one membrane coating surrounding the 
core, Wherein the coating is an impermeable, permeable, 
semi-permeable or porous coating and becomes more per 
meable or porous upon contacting an aqueous environment 
of a de?ned pH. 

[0083] The term “membrane” is synonymous With “coat 
ing,” or equivalents thereof. The terms are used to identify 
a region of a medicament, for example, a tablet, that is 
impermeable, permeable, semi-permeable or porous to an 
aqueous solution(s) or bodily ?uid(s), and/or to the thera 
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peutic agent(s) or drug(s) encapsulated therein. If the mem 
brane is permeable, semi-permeable or porous to the drug, 
the drug can be released through the openings or pores of the 
membrane in solution or in vivo. The porous membrane can 
be manufactured mechanically (e.g., drilling microscopic 
holes or pores in the membrane layer using a laser), or it can 
be imparted due to the physiochemical properties of the 
coating polymer(s). Membrane or coating polymers of the 
invention are Well knoWn in the art, and include cellulose 
esters, cellulose diesters, cellulose triesters, cellulose ethers, 
cellulose ester-ether, cellulose acylate, cellulose diacylate, 
cellulose triacylate, cellulose acetate, cellulose diacetate, 
cellulose triacetate, cellulose acetate propionate, and cellu 
lose acetate butyrate. Other suitable polymers are described 
in US. Pat. Nos. 3,845,770, 3,916,899, 4,008,719, 4,036, 
228 and 4,11210 Which are incorporated herein by reference. 

[0084] Further, the enteric coating according to the inven 
tion can include a plasticiZer, and a sufficient amount of 
sodium hydroxide (NaOH) to effect or adjust the pH of the 
suspension in solution or in vivo. Examples of plasticiZers 
include triethyl citrate, triacetin, tributyl sebecate, or poly 
ethylene glycol. Other alkaliZing agents, including potas 
sium hydroxide, calcium carbonate, sodium carboxymeth 
ylcellulose, magnesium oxide, and magnesium hydroxide 
can also be used to effect or adjust the pH of the suspension 
in solution or in vivo. 

[0085] Accordingly, in one embodiment, an enteric coat 
ing can be designed to release a certain percentage of a drug 
or drugs in certain mediums With a certain pH or pH range. 
For example, the therapeutic composition of the invention 
may include at least one enteric coating encasing or pro 
tecting at least one drug Which is chemically unstable in an 
acidic environment (e.g., the stomach). The enteric coating 
protects the drug from the acidic environment (e.g., pH<3), 
While releasing the drug in locations Which are less acidic, 
for example, regions of the small and large intestine Where 
the pH is 3, or 4, or 5, or greater. Amedicament of this nature 
Will travel from one region of the gastrointestinal tract to the 
other, for example, it takes about 2 to about 4 hours for a 
drug to move from the stomach to the small intestine 
(duodenum, jejunum and ileum). During this passage or 
transit, the pH changes from about 3 (e.g., stomach) to 4, or 
5, or to about a pH of 6 or 7 or greater. Thus, the enteric 
coating alloWs the core containing the drug to remain 
substantially intact, and prevents premature drug release or 
the acid from penetrating and de-stabiliZing the drug. 

[0086] Examples of suitable enteric polymers include but 
are not limited to cellulose acetate phthalate, hydroxypro 
pylmethylcellulose phthalate, polyvinylacetate phthalate, 
methacrylic acid copolymer, shellac, cellulose acetate trim 
ellitate, hydroxypropylmethylcellulose acetate succinate, 
hydroxypropylmethylcellulose phthalate, cellulose acetate 
phthalate, cellulose acetate succinate, cellulose acetate 
malate, cellulose benZoate phthalate, cellulose propionate 
phthalate, methylcellulose phthalate, carboxymethylethyl 
cellulose, ethylhydroxyethylcellulose phthalate, shellac, sty 
rene-acrylic acid copolymer, methyl acrylate-acrylic acid 
copolymer, methyl acrylate-methacrylic acid copolymer, 
butyl acrylate-styrene-acrylic acid copolymer, methacrylic 
acid-methyl methacrylate copolymer, methacrylic acid-ethyl 
acrylate copolymer, methyl acrylate-methacrylic acid-octyl 
acrylate copolymer, vinyl acetate-maleic acid anhydride 
copolymer, styrene-maleic acid anhydride copolymer, sty 
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rene-maleic acid monoester copolymer, vinyl methyl ether 
maleic acid anhydride copolymer, ethylene-maleic acid 
anhydride copolymer, vinyl butyl ether-maleic acid anhy 
dride copolymer, acrylonitrile-methyl acrylate-maleic acid 
anhydride copolymer, butyl acrylate-styrene-maleic acid 
anhydride copolymer, polyvinyl alcohol phthalate, polyvi 
nyl acetal phthalate, polyvinyl butylate phthalate and poly 
vinyl acetoacetal phthalate, or combinations thereof. One 
skilled in the art Will appreciate that other hydrophilic, 
hydrophobic and enteric coating polymers may be readily 
employed, singly or in any combination, as all or part of a 
coating according to the invention. 

[0087] The therapeutic compositions of the invention in 
the form of a tablet can have a plurality of coatings, for 
example, a hydrophilic coating (e.g., hydroxypropylmethyl 
cellulose), and/or a hydrophobic coating (e.g., alkylcellulo 
ses), and/or an enteric coating. For example, the tablet core 
can be encases by a plurality of the same type of coating, or 
a plurality of different types of coating selected from a 
hydrophilic, hydrophobic or enteric coating. Hence, it is 
anticipated that a tablet can be designed having at least one, 
but can have more than one layer consisting of the same or 
different coatings dependent on the target tissue or purpose 
of the drug or drugs. For example the tablet core layer may 
have a ?rst composition enclosed by a ?rst coating layer 
(e.g. hydrophilic, hydrophobic, or enteri-coating), and a 
second same or different composition or drug having the 
same or different dosage can be enclosed in second coating 
layer, etc. This layering of various coatings provides for a 
?rst, second, third, or more gradual or dose dependent 
release of the same or different drug containing composition. 

[0088] In a preferred embodiment, a ?rst dosage of a ?rst 
composition of the invention is contained in a tablet core and 
With an enteric-coating such that the enteric-coating protects 
and prevents the composition contained therein from break 
ing doWn or being released into the stomach. In another 
example, the ?rst loading dose of the therapeutic composi 
tion is included in the ?rst layer and consists of from about 
10% to about 40% of the total amount of the total compo 
sition included in the formulation or tablet. In a second 
loading dose, another percentage of the total dose of the 
composition is released. The invention contemplates as 
many time release doses as is necessary in a treatment 
regimen. Thus, in certain aspects, a single coating or plu 
rality of coating layers is in an amount ranging from about 
2% to 6% by Weight, preferably about 2% to about 5%, even 
more preferably from about 2% to about 3% by Weight of the 
coated unit dosage form. 

[0089] Accordingly, the composition preparations of the 
invention make it possible for contents of a hard capsule or 
tablet to be selectively released at a desired site the more 
distal parts of the gastro-intestinal tract (e.g. small and large 
intestine) by selecting the a suitable pH-soluble polymer for 
a speci?c region. Mechanical expulsion of the composition 
preparations may also be achieved by inclusion of a Water 
absorbing polymer that expands upon Water absorption 
Within a hard semi-permeable capsule thus expelling com 
position through an opening in the hard capsule. 

[0090] Drugs particularly suited for dose dependent time 
release include but are not limited to insulin like groWth 
factor-I (IGF-I), somatomedin-C (SM-C; diabetes, nerve 
function, renal function), insulin (diabetes), calcitonin 

Mar. 2, 2006 

(osteoporosis), leptin (obesity; infertility), leptin derived 
short peptide (OB-3), hGH (AIDs Wasting, dWar?sm), 
human parathyroid hormone (PTH) (osteoporosis), melato 
nin (sleep), GLP-l or Glucagon-like peptide-1 (diabetes), 
GiP (diabetes), pituitary adenylate cyclase-activating 
polypeptide (PACAP) and islet function (diabetes), GM-1 
ganglioside, (AlZheimers), nerve groWth factor (NGF), 
(AlZheimers), nafarelin (endometriosis), Synarel® (nafare 
lin acetate nasal solution), (D-tryp6)-LHRH (fertility), FGF 
(duodenal ulcer, macular degeneration, burns, Wounds, spi 
nal cord injuries, repair of bone and cartilage damage), 
VEGF antagonists (to block the receptor), VEGF (agonist) 
neonatal distress syndrome; ALS), leuprolide (prostate and 
breast cancer), interferon-alpha (chronic hepatitis C), loW 
molecular Weight heparin (blood clotting, deep vein throm 
bosis), PYY (obesity), LHRH antagonists (fertility), LH 
(luteiniZing hormone), ghrelin antagonists (obesity), KGF 
(Parkinson’s), GDNF (Parkinsons), G-CSF (erythropoiesis 
in cancer), Imitrex (migraine), Integrelin (anticoagulation), 
Natrecor® (congestive heart failure), human B-type natri 
uretic peptide (hBNP), SYNAREL® (Searl; nafarelin 
acetate nasal solution), Sandostatin (groWth hormone 
replacement), Forteo (osteoporosis), DDAVP® Nasal Spray 
(desmopressin acetate), Cetrotide® (cetrorelix acetate for 
injection), AntagonTM (ganirelix acetate), Angiomax (biva 
lirudin; thrombin inhibitor), Accolate® (Za?rlukast; inject 
able), Exendin-4 (Exanatide; diabetes), SYMLIN® (pram 
lintide acetate; synthetic amylin; diabetes), desmopressin, 
glucagon, ACTH (corticotrophin), C-peptide of insulin, 
GHRH and analogs (GnRHa), groWth hormone releasing 
hormone, oxytocin, corticotropin releasing hormone (CRH), 
atrial natriuretic peptide (ANP), thyroxine releasing hor 
mone (TRHrh), follicle stimulating hormone (FSH), prolac 
tin, tobramycin ocular (corneal infections), Vasopressin, 
desmopresin, FuZeon (Roche; HIV fusion inhibitor MW 
4492), and Epti?batide. 
[0091] Further, it Will be understood by one skilled in the 
art, that the speci?c dose level and frequency of dosage for 
any particular subject in need of treatment may be varied and 
Will depend upon a variety of factors including the activity 
of the speci?c compound employed, the metabolic stability 
and length of action of that compound, the age, body Weight, 
general health, sex, diet, mode and time of administration, 
rate of excretion, drug combination, the severity of the 
particular condition, and the host undergoing therapy. 
[0092] It has been shoWn that alkyl glycosides, particu 
larly alkylmaltosides and more speci?cally, dodecylmalto 
side (DDM) and tetradecylmaltoside (TDM), stabiliZe insu 
lin in solution and prevent aggregation of the peptide. 
Hovgaard et al., “Insulin Stabilization and GI absorption,”J. 
Control. Rd, 19 (1992) 458-463, cited in Hovgaard et al., 
“Stabilization of insulin by alkylmaltosides: A spectroscopic 
evaluation,”Int. J. Pharmaceutics 132 (1996) 107-113 (here 
inafter, “Hovgaard-1”). Further, Hovgaard-1 shoWs that 
even after 57 days, the DDM-insulin complex remained 
stable and possessed nearly full biological activity. It is 
postulated that the stability of the complex is due to the 
length of the alkyl group (number of carbon atoms) and the 
higher ratio of DDM to insulin ratio the better (e.g. 4:1 and 
16:1; see FIG. 1 in Hovgaard 1). HoWever, according to 
Hovgaard-1, although the DDM-insulin complex Was stable, 
the same stability Was not shoWn for other maltosides. Yet, 
in a related study, Hovgaard et al.(1996) demonstrated that 
When DDM-insulin Was orally administered to animals in 
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vivo, bioavailability of the complex Was Weak (e.g. 0.5% 
-1% bioavailability). Hovgaard et al., “Stabilization of insu 
lin by alkylmaltoside. B. Oral absorption in vivo in rats,”Int. 
J. Pharmaceutics 132 (1996) 115-121 (Hovgaard-2). Hence, 
an improved aspect of the invention is that the surfactant 
increases the bioavailability of a drug to the target tissues, 
organs, system etc., as Well as increase drug stability. 

[0093] Accordingly, one aspect of the invention is to 
provide therapeutic compositions having at least one drug 
and one surfactant, Wherein the surfactant further consists of 
at least one alkyl glycoside and/or saccharide alkyl ester 
formulation Which enhances the bioavailability of the drug. 
Determining the bioavailability of drug formulations is 
described herein. As used herein, “bioavailability” is the rate 
and extent to Which the active substance, or moiety, Which 
reaches the systemic circulation as an intact drug. The 
bioavailability of any drug Will depend on hoW Well is 
adsorbed and hoW much of it escapes being removed from 
the liver. 

[0094] To determine absolute bioavailability, the tested 
drug and mode of administration is measured against an 
intravenous reference dose. The bioavailability of the intra 
venous dose is 100% by de?nition. For example, animals or 
volunteering humans are given an intravenous injections and 
corresponding oral doses of a drug. Urinary or plasma 
samples are taken over a period of time and levels of the 
drug over that period of time are determined. 

[0095] The areas under the curve (AUC), of the plasma 
drug concentration versus time curves, are plotted for both 
the intravenous and the oral doses, and calculation of the 
bioavailability of both formulations is by simple proportion. 
For example, if the same intravenous and oral doses are 
given, and the oral AUC is 50% of the intravenous AUC, the 
bioavailability of the oral formulation is 50%. Note that the 
bioavailability of any drug is due to many factors including 
incomplete absorption, ?rst pass clearance or a combination 
of these (discussed more beloW). Further, the peak concen 
tration (or CmaX) of the plasma drug concentration is also 
measured to the peak concentration (CmaX) of the plasma 
drug concentration folloWing intramuscular (IM) injection 
of an equivalent concentration the drug. Moreover, the time 
to maximal concentration (or t of the plasma drug is 
about 0.1 to 1.0 hours. 

max) 

[0096] To determine the relative bioavailability of more 
than one formulation of a drug (eg an alkyl glycoside or 
saccharide alkyl ester drug formulation), bioavailability of 
the formulations are assessed against each other as one or 

both drugs could be subject to ?rst pass clearance (discussed 
more beloW) and thus undetected. For example, a ?rst oral 
formulation is assessed against a second oral formulation. 
The second formulation is used as a reference to assess the 
bioavailability of the ?rst. This type of study provides a 
measure of the relative performance of tWo formulations in 
getting a drug absorbed. 

[0097] Bioavailabilities of drugs are inconsistent and vary 
greatly from one drug to the next. For example, the bio 
availability of MIACALCIN® (salmon calcitonin from 
Novartis) nasal spray, a prescription medication for the 
treatment of postmenopausal osteoporosis in Women, has a 
mean bioavailability of about 3% (range is 0.3%-30.6%; see 
FIG. 1). The MIACALCIN® product information sheet can 
be found on the World Wide Web at miacalcin.com/info/ 
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hoWWorks/index.jsp and drugs.com/PDR/Miacalcin_Nasal 
_Spray.html. The data on MIACALCIN®, Which Was 
obtained by various investigators using different methods 
and human subjects, shoW great variability in the drug’s 
bioavailability, eg in normal volunteers only ~3% of the 
nasally administered dose is bioavailable, as compared to 
the same dose administered by intramuscular injection 
(MIACALCIN® product insert). This represents tWo orders 
of a magnitude in variability and is undesirable to the 
consumer. 

[0098] Poor bioavailability of a drug can also be observed 
in NASCOBAL® (Nastech), or cyanocobalamin, Which is 
used for the treatment and maintenance of the hematologic 
status of patients Who are in remission folloWing intramus 
cular vitamin B12 therapies. The gel formulation Was admin 
istered intranasally and the bioavailability of B12 Was com 
pared to intramuscular B12 injections. The peak 
concentrations of B12 (or the Tmax) Was reached in 1-2 
hours after intranasal administration, and relative to the 
intramuscular injection, the bioavailability of B12 nasal gel 
Was found to be about 8.9% (90% con?dence intervals, 7.1% 
to 11.2%). 

[0099] The alkyl glycosides or sucrose esters of the 
present invention include any compounds noW knoWn or 
later discovered. Drugs Which are particularly Well suited for 
admixture With the alkyl glycosides and/or saccharide alkyl 
esters of the invention are those that are dif?cult to admin 
ister by other methods, eg drugs that are degraded in the 
gastrointestinal (GI) tract or those that are not absorbed Well 
from the GI tract, or drugs that can be self-administered via 
the ocular, nasal, nasolacrimal, inhalation, or CSF delivery 
route instead of traditional methods such as injection. Some 
speci?c examples include peptides, polypeptides, proteins, 
nucleic acids and other macromolecules, for example, pep 
tide hormones, such as insulin and calcitonin, enkephalins, 
glucagon and hypoglycemic agents such as tolbutamide and 
glyburide, and agents Which are poorly absorbed by enteral 
routes, such as griseofulvin, an antifungal agent. Other 
compounds include, for example, nicotine, interferon (e.g., 
alpha, beta, gamma), PYY, GLP-1, synthetic exendin-4 
(Exenatide), parathyroid hormone, and human groWth hor 
mone or other loW molecular Weight peptides and proteins. 

[0100] Alternatively, bioavailability of a drug can be 
determined by measuring the levels of the drug’s ?rst pass 
clearance by the liver. Alkyl glycosides and/or saccharide 
alkyl ester compositions of the invention administered intra 
nasally or via oral cavity (sublingual or Buccal cell) do not 
enter the hepatic portal blood system, thereby avoiding ?rst 
pass clearance by the liver. Avoiding ?rst past clearance of 
these formulations by the liver is described herein. The term, 
“?rst pass liver clearance” is the extent to Which the drug is 
removed by the liver during its ?rst passage in the portal 
blood through the liver to the systemic circulation. This is 
also called ?rst pass metabolism or ?rst pass extraction. 

[0101] The tWo major routes of drug elimination from the 
body are excretion by the kidneys Whereby the drug is 
unchanged; and elimination by the liver, Whereby the drug 
is metaboliZed. The balance betWeen these tWo routes 
depends on the relative efficiency of the tWo processes. The 
present invention describes herein elimination by the liver or 
liver clearance. First pass liver clearance is described by 
Birkett et al (1990 and 1991), Which is incorporated by 
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reference in its entirety. Birkett et al., Aust Prescr; 
13(1990):88-9; and Birkett et al., Austra Prescr 14:14-16 
(1991). 
[0102] Blood carrying drug from the systemic circulation 
enter the liver via the portal vein, and the liver in turn 
extracts a certain percentage or ratio (i.e. 0.5 or 50%) of that 
drug. The remainder left over (i.e. 0.2 or 20%) re-enters the 
systemic circulation via the hepatic vein. This rate of clear 
ance of the drug is called the hepatic extraction ratio. It is the 
fraction of the drug in the blood Which is irreversibly 
removed (or extracted) during the ?rst pass of the blood 
through the liver. If no drug is extracted, the hepatic extrac 
tion ratio is Zero. Conversely, if the drug is highly extracted 
in the ?rst pass through the liver, the hepatic extraction ratio 
may be as high as 100% or 1.0. In general, clearance of the 
drug by the liver depends then on the rate of delivery of that 
drug to the liver (or the hepatic blood ?oW), and on the 
ef?ciency of removal of that drug (or the extraction ratio). 

[0103] Therefore, the net equation used to determine 
hepatic clearance is: 

(hepatic clearance-blood ?oW)=(unbound 
fraction*intrinsic clearance)/blood ?oW+(unbound 
fraction*intrinsic clearance) (1) 

[0104] The “unbound fraction” of drug is dependent on 
hoW tightly the drug is bound to proteins and cells in the 
blood. In general, it is only this unbound (or free) drug 
Which is available for diffusion from the blood into the liver 
cell. In the absence of hepatic blood How and protein 
binding, the “intrinsic clearance” is the ability of the liver to 
remove (or metaboliZe) that drug. In biochemical terms, it is 
a measure of liver enZyme activity for a particular drug 
substrate. Again, although intrinsic clearance can be high, 
drugs cannot be cleared more rapidly than that presented to 
the liver. In simple terms, there are tWo situations: Where 
liver enZyme activity is very high or very loW (i.e. high 
extraction ratio or loW extraction ratio). 

[0105] When liver enZyme activity is loW, the equation 
simpli?es to: 

hepatic clearance=unbound fraction*intrinsic clear 
ance (2) 

[0106] Clearance then is independent of blood ?oW, but 
instead depends directly on the degree of protein binding in 
the blood and the activity of drug metaboliZing enZymes 
toWards that drug. 

[0107] In contrast, When liver enZyme activity is high, the 
equation is: 

hepatic clearance=liver blood flow (3) 

[0108] In this scenario, because the enZymes are so active 
the liver removes most of the drug presented to it and the 
extraction ratio is high. Thus, the only factor determining the 
actual hepatic clearance is the rate of supply of drug to the 
liver (or hepatic blood ?oW). 
[0109] First pass liver clearance is important because even 
small changes in the extraction of drugs can cause large 
changes in bioavailability. For example, if the bioavailability 
of drug A by oral administration is 20% by the time it 
reaches the systemic circulation, and the same drug A by 
intravenous administration is 100%, absent no other com 
plicating factors, the oral dose Will therefore have to be 5 
times the intravenous dose to achieve similar plasma con 
centrations. 
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[0110] Secondly, in some instances Where liver enZyme 
activity is very high, drug formulations should be designed 
to have the drug pass directly through to the systemic 
circulation and avoid ?rst pass liver clearance all together. 
For example, drugs administered intranasally, sublingual, 
buccal, rectal, vagina, etc. directly enter the systemic circu 
lation and do not enter the hepatic portal blood circulation to 
be partially or fully extracted by the liver. Alternatively, 
Where drugs cannot be administered by the above means, a 
tablet With at least one enteric-coating layer to prevent 
release of the drug in the stomach (i.e. highly acidic envi 
ronment) is provided. Thus, an objective of the invention is 
to administer drugs using these alternative routes. 

[0111] Additionally, ?rst pass liver clearance is an impor 
tant factor because many patients are on more than one drug 
regimen, and this may cause drug interactions Which 
increase or decrease liver enZyme activity; thereby increas 
ing or decreasing metabolism (increasing or decreasing the 
hepatic extraction ratio) of the drug of interest. 

[0112] Hence, therapeutic compositions of the invention 
can be administered directly to the systemic circulatory 
system and avoid ?rst pass liver clearance. Avoiding ?rst 
pass clearance assures that more of the drug Will be available 
to the system. Stated another Way, by avoiding ?rst pass liver 
clearance, the bioavailability of the drug is increased. 

[0113] The present invention also relates to methods of 
increasing absorption of a loW molecular compound into the 
circulatory system of a subject comprising administering via 
the oral, ocular, nasal, nasolacrimal, inhalation, or the CSF 
delivery route the compound and an absorption increasing 
amount of a suitable nontoxic, nonionic alkyl glycoside 
having a hydrophobic alkyl joined by a linkage to a hydro 
philic saccharide. 

[0114] The composition formulation is appropriately 
selected according to the administration route, such as oral 
administration (oral preparation), external administration 
(e.g., ointment), injection (preparations for injection), and 
mucosal administration (e.g., buccal and suppository) etc. 
For example, excipients (e.g., starch, lactose, crystalline 
cellulose, calcium lactate, magnesium aluminometasilicate 
and anhydrous silicate), disintegrators (e.g., carboxymeth 
ylcellulose and calcium carboxymethylcellulose), lubricants 
(e.g., magnesium stearate and talc), coating agents (e.g., 
hydroxyethylcellulose), and ?avoring agents can be used for 
oral and mucosal formulations; Whereas, solubiliZers and 
auxiliary solubiliZers capable of forming aqueous injections 
(e.g., distilled Water for injection, physiological saline and 
propylene glycol), suspending agents (e.g., surfactant such 
as polysorbate 80), pH regulators (e.g., organic acid and 
metal salt thereof) and stabiliZers are used for injections; and 
aqueous or oily solubiliZers and auxiliary solubiliZers (e.g., 
alcohols and fatty acid esters), tacki?ers (e. g., carboxy vinyl 
polymer and polysaccharides) and emulsi?ers (e.g., surfac 
tant) are used for external agents. The drug and the alkyl 
glycoside can be admixed, mixed, or blended along With the 
above excipients, disintegrators, coating polymers, solubi 
liZers, suspending agents, etc., prior to administration, or 
they can be administered sequentially, in either order. It is 
preferred that they be mixed prior to administration. 

[0115] The term, “mucosal delivery-enhancing agent” 
includes agents Which enhance the release or solubility (e. g., 
from a formulation delivery vehicle), diffusion rate, pen 
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etration capacity and timing, uptake, residence time, stabil 
ity, effective half-life, peak or sustained concentration lev 
els, clearance and other desired mucosal delivery 
characteristics (e.g., as measured at the site of delivery, or at 
a selected target site of activity such as the bloodstream or 
central nervous system) of a compound(s) (e.g., biologically 
active compound). Enhancement of mucosal delivery can 
occur by any of a variety of mechanisms, including, for 
example, by increasing the diffusion, transport, persistence 
or stability of the compound, increasing membrane ?uidity, 
modulating the availability or action of calcium and other 
ions that regulate intracellular or paracellular permeation, 
solubiliZing mucosal membrane components (e.g., lipids), 
changing non-protein and protein sulfhydryl levels in 
mucosal tissues, increasing Water ?ux across the mucosal 
surface, modulating epithelial junction physiology, reducing 
the viscosity of mucus overlying the mucosal epithelium, 
reducing mucociliary clearance rates, and other mecha 
nisms. 

[0116] Exemplary mucosal delivery enhancing agents 
include the folloWing agents and any combinations thereof: 

[0117] (a) an aggregation inhibitory agent; 

[0118] (b) a charge-modifying agent; 

[0119] (c) a pH control agent; 

[0120] (d) a degradative enZyme inhibitory agent; 

[0121] (e) a mucolytic or mucus clearing agent; 

[0122] a ciliostatic agent; 

[0123] (g) a membrane penetration-enhancing agent 
selected from: 

[0124] a surfactant; (ii) a bile salt; (ii) a phospholipid 
additive, mixed micelle, liposome, or carrier; (iii) an 
alcohol; (iv) an enamine; (v) an NO donor compound; 
(vi) a long-chain amphipathic molecule; (vii) a small 
hydrophobic penetration enhancer; (viii) sodium or a 
salicylic acid derivative; a glycerol ester of 
acetoacetic acid; a cyclodextrin or beta-cyclodex 
trin derivative; a medium-chain fatty acid; (xii) a 
chelating agent; (xiii) an amino acid or salt thereof; 
(xiv) an N-acetylamino acid or salt thereof; (xv) an 
enZyme degradative to a selected membrane compo 
nent; an inhibitor of fatty acid synthesis; an 
inhibitor of cholesterol synthesis; and any combi 
nation of the membrane penetration enhancing agents 
recited in (i)-(x); 

[0125] (h) a modulatory agent of epithelial junction physi 
ology; 

[0126] a vasodilator agent; 

[0127] a selective transport-enhancing agent; and 

[0128] (k) a stabiliZing delivery vehicle, carrier, mucoad 
hesive, support or complex-forming species With Which the 
compound is effectively combined, associated, contained, 
encapsulated or bound resulting in stabiliZation of the com 
pound for enhanced nasal mucosal delivery, Wherein the 
formulation of the compound With the intranasal delivery 
enhancing agents provides for increased bioavailability of 
the compound in a blood plasma of a subject. 
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[0129] Additional mucosal delivery-enhancing agents 
include, for example, citric acid, sodium citrate, propylene 
glycol, glycerin, ascorbic acid (e.g., L-ascorbic acid), 
sodium metabisul?te, ethylenediaminetetraacetic acid 
(EDTA) disodium, benZalkonium chloride, sodium hydrox 
ide, and mixtures thereof. 

[0130] Therapeutic agents or drugs of the present inven 
tion can be peptides or proteins, medically or diagnostically 
useful, of small to medium size, eg up to about 15 kD, 30 
kD, 50 kD, 75 kD, etc., or a protein having betWeen about 
1-300 amino acids or more. The methods of the invention 
also anticipate the use of small molecules, for example, an 
organic compound that has a molecular Weight of less than 
3 kD, or less than 1.5 kD. 

[0131] The mechanisms of improved drug absorption 
according to the invention are generally applicable and 
should apply to all such peptides or protein, although the 
degree to Which their absorption is improved may vary 
according to the molecular Weight (MW) and the physico 
chemical properties of the peptide or protein, and the par 
ticular enhancer used. Examples of peptides or protein 
include vasopressin, vasopressin polypeptide analogs, des 
mopressin, glucagon, corticotropin (ACTH), gonadotropin, 
calcitonin, C-peptide of insulin, parathyroid hormone 
(PTH), groWth hormone (HG), human groWth hormone 
(hGH), groWth hormone releasing hormone (GHRH), oxy 
tocin, corticotropin releasing hormone (CRH), somatostatin 
or somatostatin polypeptide analogs, gonadotropin agonist 
or gonadotrophin agonist polypeptide analogs, human atrial 
natriuretic peptide (ANP), human thyroxine releasing hor 
mone (TRH), follicle stimulating hormone (FSH), and pro 
lactin. 

[0132] One preferred composition of the invention is the 
peptide drug is Exenatide (or exendin-4) and an alkyl 
glycoside. Exenatide is a synthetic version of exendin-4, and 
has been used in clinical trials by AmylinTM Pharmaceuti 
cals. Exendin-4 is a loW molecular Weight peptide that is the 
?rst of a neW class of therapeutic medications knoWn as 
incretin mimetic agents or hormones. Incretin hormones are 
any of various gastrointestinal (GI) hormones and factors 
that act as potent stimulators of insulin secretion, eg as 
gastric inhibitory polypeptide (GIP), glucagon-like pep 
tide-1 (GLP-l), or Exenatide, or exendin-4, or equivalents 
thereof. 

[0133] Exendin-4 is a naturally occurring 39-amino acid 
peptide isolated from salivary secretions of the Gila Monster 
LiZard. Eng et al., “Isolation and characteriZation of exen 
din-4, an exendin-3 analogue, from Heloderma suspectum 
venom. Further evidence for an exendin receptor on dis 
persed acini from guinea pig pancreas,”J. Biol. Chem. 
267(15):7402-7405(1992). Exenatide exhibits similar glu 
cose loWering actions to glucagons like peptide, or GLP-l. 
Exenatide is being investigated for its potential to address 
important unmet medical needs of many people With type 2 
diabetes. Clinical trials suggest that Exenatide treatment 
decreases blood glucose toWard target levels and is associ 
ated With Weight loss. The effects on glucose control 
observed With Exenatide treatment are likely due to several 
actions that are similar to those of the naturally occurring 
incretin hormone GLP-l (see Example 7). These actions 
include stimulating the body’s ability to produce insulin in 
response to elevated levels of blood glucose, inhibiting the 
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release of glucagon following meals and slowing the rate at 
Which nutrients are absorbed into the bloodstream. In animal 
studies Exenatide administration resulted in preservation 
and formation of neW beta cells, the insulin-producing cells 
in the pancreas, Which fail as type 2 diabetes progresses. 

[0134] Use of Exenatide, incretin mimetic agents or 
equivalents thereof can be used to treat various forms of 
diabetes including but not limited to brittle diabetes, chemi 
cal diabetes or impaired glucose tolerance, gestational dia 
betes, diabetes insipidus, diabetes insipidus central, diabetes 
insipidus nephrogenic, diabetes insipidus pituitary, latent 
diabetes, lipatrophic diabetes, maturity-onset diabetes of 
youth (MODY), diabetes mellitus (DM), diabetes mellitus 
adult-onset (type 2 DM), diabetes mellitus insulin-depen 
dent (IDDM, or type 1 DM), diabetes mellitus non-insulin 
dependent (NIDDM), diabetes mellitus juvenile or juvenile 
onset, diabetes mellitus ketosis-prone, diabetes mellitus 
ketosis-resistant, diabetes mellitus malnutrition-related 
(MRDM), diabetes mellitus tropical or tropical pancreatic, 
diabetes mellitus, preclinical diabetes, or diabetes induced 
by various drugs eg thiaZide diabetes, steroid diabetes, or 
various diabetes animal model including but not limited to 
alloxan diabetes and puncture diabetes. 

[0135] In another aspect, therapeutic compositions of the 
invention are used to treat obesity. Obesity is a common 
problem in both adults and adolescents. For example, 
PYY3-36 (or AC162352) is a hormone that plays a critical 
role in decreasing appetites. The gut hormone fragment 
peptide PYY3-36 (PYY) reduces appetite and food intake 
When infused into subjects of normal Weight. Similar to the 
adipocyte hormone, leptin, PYY reduces food intake by 
modulating appetite circuits in the hypothalamus. HoWever, 
in obese patients there is a resistance to the action of leptin, 
thereby limiting leptin’s therapeutic effectiveness. Still other 
studies shoW that PYY reduces food intake. Injection of 
PYY revealed that they eat on average 30% less than usual, 
resulting in Weight loss. Hence, PYY 3-36 has potential as 
a treatment for obesity. AmylinTM Pharmaceuticals submit 
ted an Investigational NeW Drug application for PYY 3-36 
in 2003. 

[0136] Compounds Whose absorption can be increased by 
the method of this invention include any compounds noW 
knoWn or later discovered, in particular drugs, or therapeutic 
compounds, molecules or agents that are difficult to admin 
ister by other methods, for example, drugs that are degraded 
in the gastrointestinal (GI) tract or that are not absorbed Well 
from the GI tract, or drugs that subjects could administer to 
themselves more readily via the ocular, nasal, nasolacrimal, 
inhalation or pulmonary, oral cavity (sublingual or Buccal 
cell), or CSF delivery route than by traditional self-admin 
istration methods such as injection. Some speci?c examples 
include peptides, polypeptides, proteins and other macro 
molecules, for example, peptide hormones, such as insulin 
and calcitonin, enkephalins, glucagon and hypoglycemic 
agents such as tolbutamide and glyburide, and agents Which 
are poorly absorbed by enteral routes, such as griseofulvin, 
an antifungal agent. Other compounds include, for example, 
nicotine, interferon (e.g., alpha, beta, gamma), PYY, GLP-l, 
synthetic exendin-4 (Exenatide), parathyroid hormone 
(PTH), and human groWth hormone or other loW molecular 
Weight peptides and proteins. 
[0137] Further, the therapeutic compositions of the inven 
tion also contemplate non-peptide drugs or therapeutic 
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agents. For example, in US. Pat. No. 5,552,534, non 
peptide compounds are disclosed Which mimic or inhibit the 
chemical and/or biological activity of a variety of peptides. 
Such compounds can be produced by appending to certain 
core species, such as the tetrahydropyranyl ring, chemical 
functional groups Which cause the compounds to be at least 
partially cross-reactive With the peptide. As Will be recog 
niZed, compounds Which mimic or inhibit peptides are to 
varying degrees cross-reactivity thereWith. Other techniques 
for preparing peptidomimetics are disclosed in US. Pat. 
Nos. 5,550,251 and 5,288,707. The above US. patents are 
incorporated by reference in their entirety. 

[0138] The method of the invention can also include the 
administration, along With the alkyl glycoside and a protein 
or peptide, a protease or peptidase inhibitor, such as apro 
tinin, bestatin, alpha1 proteinase inhibitor, soybean trypsin 
inhibitor, recombinant secretory leucocyte protease inhibi 
tor, captopril and other angiotensin converting enZyme 
(ACE) inhibitors and thiorphan, to aid the protein or peptide 
in reaching its site of activity in the body in an active state 
(i.e., With degradation minimal enough that the protein is 
still able to function properly). The protease or peptidase 
inhibitor can be mixed With the alkyl glycoside and drug and 
then administered, or it can be administered separately, 
either prior to or after administration of the glycoside or 
drug. 

[0139] The invention also provides a method of loWering 
blood glucose level in a subject comprising administering a 
blood glucose-reducing amount of a composition compris 
ing insulin and an absorption increasing amount of a suitable 
nontoxic, nonionic alkyl glycoside having a hydrophobic 
alkyl group joined by a linkage to a hydrophilic saccharide, 
thereby increasing the absorption of insulin and loWering the 
level of blood glucose. A “blood glucose-reducing amount” 
of such a composition is that amount capable of producing 
the effect of reducing blood glucose levels, as taught herein. 
Preferred is an amount that decreases blood glucose to 
normoglycemic or near normoglycemic range. Also pre 
ferred is an amount that causes a sustained reduction in 
blood glucose levels. Even more preferred is an amount 
sufficient to treat diabetes, including diabetes mellitus (DM) 
by loWering blood glucose level. Thus, the instant method 
can be used to treat diabetes mellitus. Preferred alkyl gly 
cosides are the same as those described above and exem 
pli?ed in the Examples. 

[0140] Also provided is a method of raising blood glucose 
level in a subject by administering a blood glucose-raising 
amount comprising glucagons and at least one alkyl glyco 
side and/or saccharide alkyl ester. When the composition 
includes insulin, it can be used to cause the knoWn effect of 
insulin in the bloodstream, i.e., loWer the blood glucose 
levels in a subject. Such administration can be used to treat 
diabetes mellitus, or related diseases. A “blood glucose 
raising amount” of glucagon in such a composition is that 
amount capable of producing the effect of raising blood 
glucose levels. A preferred amount is that Which increases 
blood glucose to normoglycemic or near-normoglycemic 
range. Another preferable amount is that Which causes a 
sustained rising of blood glucose levels. Even more pre 
ferred, is that amount Which is sufficient to treat hypogly 
cemia by raising blood glucose level. Thus, this method can 
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be used to treat hypoglycemia. Preferred alkyl glycosides are 
the same as those described above and exempli?ed in the 
Examples. 

[0141] Similarly, When this composition includes gluca 
gon, it can be used to cause the known effect of glucagon in 
the bloodstream, i.e., to raise the blood glucose levels in a 
subject. Such administration can therefore be used to treat 
hypoglycemia, including hypoglycemic crisis. 

[0142] The invention also provides methods for amelio 
rating neurological disorders Which comprises administering 
a therapeutic agent to the cerebral spinal ?uid (CSF). The 
term “neurological disorder” denotes any disorder Which is 
present in the brain, spinal column, and related tissues, such 
as the meninges, Which are responsive to an appropriate 
therapeutic agent. The surprising ability of therapeutic 
agents of the present invention to ameliorate the neurologi 
cal disorder is due to the presentation of the therapeutic 
agent to persist in the cerebro-ventricular space. The ability 
of the method of the invention to alloW the therapeutic agent 
to persist in the region of the neurological disorder provides 
a particularly effective means for treating those disorders. 

[0143] It Will be understood, hoWever, that the speci?c 
dose level and frequency of dosage for any particular subject 
in need of treatment may be varied and Will depend upon a 
variety of factors including the activity of the speci?c 
compound employed, the metabolic stability and length of 
action of that compound, the age, body Weight, general 
health, sex, diet, mode and time of administration, rate of 
excretion, drug combination, the severity of the particular 
condition, and the host undergoing therapy. Generally, hoW 
ever, dosage Will approximate that Which is typical for 
knoWn methods of administration of the speci?c compound. 
For example, for intranasal administration of insulin, an 
approximate dosage Would be about 0.5 unit/kg regular 
porcine insulin (Moses et al.). Dosage for compounds affect 
ing blood glucose levels optimally Would be that required to 
achieve proper glucose levels, for example, to a normal 
range of about 5-6.7 mM. Additionally, an appropriate 
amount may be determined by one of ordinary skill in the art 
using only routine testing given the teachings herein (see 
Examples). 

[0144] Furthermore, the compositions of the invention can 
be administered in a format selected from the group con 
sisting of a drop, a spray, an aerosol and a sustained release 
format. The spray and the aerosol can be achieved through 
use of the appropriate dispenser. The sustained release 
format can be an ocular insert, erodible microparticulates, 
sWelling mucoadhesive particulates, pH sensitive micropar 
ticulates, nanoparticles/latex systems, ion-exchange resins 
and other polymeric gels and implants (Ocusert, AlZa Corp., 
California; Joshi, A., S. Ping and K. J. Himmelstein, patent 
application WO 91/19481). These systems maintain pro 
longed drug contact with the absorptive surface preventing 
Washout and nonproductive drug loss. 

[0145] The present invention is more particularly 
described in the folloWing examples Which are intended as 
illustrative only since numerous modi?cations and varia 
tions therein Will be apparent to those skilled in the art. The 
folloWing examples are intended to illustrate but not limit 
the invention. 
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EXAMPLE 1 

Alkyl Glycoside and/or Sucrose Ester Formulations 
Do Not Cause Mucosa Irritation or Disruption 

[0146] The nasal mucosa is highly vasculariZed and hence 
optimal for high drug permeation. Moreover, absorption of 
drug(s) through the nasal mucosa is available to the central 
nervous system (CNS). Although local application of drugs 
is desirable, a challenge for this method of administration is 
mucosal irritancy. 

[0147] A formulation consisting of an alkyl glycoside 
(0.125% TDM) in a commercial over-the-counter (OTC) 
nasal saline Was administered in vivo to human nasal 
epithelium over a period of over one month. The 0.125% 
TDM formulation is compared to the control, namely the 
same commercial (OTC) nasal saline, over the same period 
of time. Results shoW that during and after 33 days of daily 
TDM administration (i.e., the duration of the study), there is 
no observable irritation of the nasal mucosa (data not 
shoWn). Thus, compositions of the invention are non-toxic 
and non-irritable providing repeated and long-term intrana 
sal administration, Which is bene?cial for those patients With 
chronic and ongoing disease(s). 

[0148] A similar test Was performed using sucrose dode 
canoate, a sucrose ester. Sucrose dodecanoate is adminis 
tered in vivo to human nasal epithelium and during and after 
47 days (i.e., the duration of the study), no observable 
irritation Was detected (data not shoWn). Thus, these results 
shoW that alkyl glycosides and sucrose esters of the inven 
tion are non-toxic and do not cause mucosa irritation When 
administered daily over a long period of time. 

EXAMPLE 2 

Alkyl Glycoside and/or Ester Compositions 
StabiliZe Drugs by Increasing Drug Bioavailability 

and Reducing Drug Bioavailability Variance 

[0149] Stability of the alkyl glycoside depends, in part, on 
the number of carbon atoms, or branching of the alkyl chain, 
With tetradecylmaltoside (TDM) having the greatest effect; 
but other highly branched alkyl chains including DDM also 
have stabiliZing effects. In contrast to Hovgaard-l, Which 
described the preference for a high alkyl glycoside to drug 
ratio, the instant invention shoWs that this ratio is much 
loWer. For example, alkyl glycosides in the range of about 
0.01% to about 6% by Weight result in good stabiliZation of 
the drug; Whereas Hovgaard-l shoWs stabiliZation is only 
achieved at much higher ratios of alkyl glycosides to drug 
(10:1 and 16: 1). Even more interesting, alkyl glycosides of 
the invention in the range of about 0.01% to about 6% have 
increased bioavailability (see FIG. 1). This is in sharp 
contrast to Hovgaard-2, Which shoWed relatively loW bio 
availability (0.5-1%) at the high alkyl glycoside ratios (10:1 
and 16:1). 

[0150] FIG. 1 is a graph comparing the bioavailability of 
the drug MIACALCIN® (salmon calcitonin from Novartis) 
With and Without alkyl glycoside (TDM). MIACALCIN® is 
a nasal spray and administered directly onto the nasal 
epithelium or nasal mucosa. FIG. 1 shoWs that MIACAL 
CIN® minus alkyl glycoside has very loW bioavailability 
levels in humans (MIACALCIN® product speci?cation 
insert), as compared to the MIACALCIN® With alkyl gly 
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coside as administered to rats. More speci?cally, intranasal 
delivery of MIACALCIN® With 0.125% and 0.250% alkyl 
glycoside (TDM) resulted in about 43% to about 90% 
bioavailability, respectively. The bioavailability of intrana 
sal administration of MIACALCIN® Without alkyl glyco 
side is only about 3% in humans, and Was undetectable in 
rats, suggesting that the rat is a stringent model for estimat 
ing intranasal drug absorption in humans. Thus, the alkyl 
glycoside of the invention enhances absorption and 
increases bioavailability of the drug. 

[0151] Furthermore, besides increasing the bioavailability 
of the drug, the alkyl glycoside compositions of the inven 
tion effectively decrease the bioavailability variance of the 
drug. FIG. 1 shoWs that administration of MIACALCIN® 
With alkyl glycoside (0.125% or 0.25%) intranasally has a 
bioavailability variance of 18%, Whereas the bioavailability 
variance Without alkyl glycoside is 0.3% to 30%, or a tWo 
orders of magnitude change. The increase in bioavailability 
and the decrease in the bioavailability variance ensures 
patient-to-patient variability is also reduced. The results as 
shoWn in FIG. 1 are administered intranasally, hoWever, 
similar results are expected for oral, buccal, vaginal, rectal, 
etc. delivery and at different alkyl glycoside concentrations. 

[0152] Thus, contrary to the art, the alkyl glycoside com 
positions of the invention, in the range of about 0.01% to 
about 6% result in increased bioavailability and reduced 
bioavailability variance. This has not otherWise been 
reported. 

EXAMPLE 3 

Ocular Administration of Alkyl Saccharides Plus 
Insulin Produces Hypoglycemic Effects In Vivo 

[0153] Normal rats Were anesthetiZed With a mixture of 
xylaZine/ketamine to elevate their blood glucose levels. The 
elevated levels of D-glucose that occur in response to 
anesthesia provide an optimal system to measure the sys 
temic hypoglycemic action of drug administration, e.g. 
insulin-containing eye drops. This animal model mimics the 
hyperglycemic state seen in diabetic animals and humans. In 
the experimental animal group, anesthetiZed rats are given 
eye drops containing insulin. Blood glucose levels from the 
experimental group are compared to anesthetiZed animals 
Which received eye drops Without insulin. The change in 
blood glucose levels and the differential systemic responses 
re?ects the effect of insulin absorbed via the route of 
administration, e.g. ocular route. 

[0154] Adult male Sprague-DaWley rats (250-350 g) Were 
fed ad libitum, and experiments Were conducted betWeen 
10:00 am. and 3:00 pm. Rats Were anesthetiZed With a 
mixture of xylaZine (7.5 mg/kg) and ketamine (50 mg/kg) 
given intraperitoneally (IP) and alloWed to stabiliZe for 
50-90 min before the administration of eye drops. Anesthe 
sia of a normal rat With xylaZine/ketamine produces an 
elevation in blood glucose values Which provides an optimal 
state to determine the systemic hypoglycemic action of 
insulin-containing eye drops. Blood D-glucose values Were 
measured by collecting a drop of blood from the tail vein at 
5-10 min intervals throughout the experiment and applying 
the blood to glucometer strips (Chemstrip bG) according to 
directions provided With the instrument (Accu-Chek II, 
Boehringer Mannheim Diagnostics; Indianapolis, Ind.). 
Blood D-glucose values ranged from 200 to 400 mg/dl in 
anesthetiZed nondiabetic rats. 
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[0155] At time 0, after a 50-90 min stabiliZation period, 
rats Were given 20 pl of eye drops composed of phosphate 
buffered saline (PBS) With or Without 0.2% regular porcine 
insulin and 0.125%-0.5% of the absorption enhancing alkyl 
glycoside (e.g. TDM) to be tested. Eye drops Were instilled 
at time 0 using a plastic disposable pipette tip With the eyes 
held open, and the rat Was kept in a horiZontal position on 
a Warming pad (37° C.) throughout the protocol. The rats 
Were given additional anesthesia if they shoWed signs of 
awakening. Rats received in each eye 20 pl of 0.125-0.5% 
absorption enhancer in phosphate buffered saline, pH 7.4 
With (experimental) or Without (control) 0.2% (50 U/ml) 
regular porcine insulin (Squibb-Novo, Inc.) for a total of 2 
U per animal. Octyl-[3-D-maltoside, decyl-[3-D-maltoside, 
dodecyl-p-D-maltoside, tridecyl-[3-D-maltoside and tetrade 
cyl-[3-D-maltoside Were obtained from Anatrace, Inc. 
(Maumee, Ohio). Hexylglucopyranoside, heptylglucopyra 
noside, nonylglucopyranoside, decylsucrose and dodecylsu 
crose Were obtained from Calbiochem, Inc. (San Diego, 
Calif.); Saponin, BL-9 and Brij 78 Were obtained from 
Sigma Chemical Co. (St. Louis, Mo.). 

[0156] The D-glucose levels in the blood remained 
elevated When the animals received eye drops containing: 1) 
saline only; 2) 0.2% regular porcine insulin in saline only; 
or 3) absorption enhancer only. HoWever, When rats received 
eye drops containing 0.2% regular porcine insulin and 
several alkylmaltoside or alkylsucrose compounds, a pro 
nounced decrease in blood D-glucose values occurred and 
Was maintained for up to tWo hours. Insulin administered 
ocularly With 0.5% dodecyl-[3-D-maltoside (see Table I) or 
0.5 % decyl-[3-D-maltoside (see Table III) results in a prompt 
and sustained fall in blood glucose levels Which are main 
tained in the normoglycemic (80-120 mg/dl) or near-nor 
moglycemic (120-160 mg/dl) range for the tWo hour dura 
tion of the experiment. Hence, at least tWo alkylmaltosides 
are effective in achieving suf?cient absorption of insulin 
delivered via the ocular route to produce a prompt and 
sustained fall in blood glucose levels in experimentally 
hyperglycemic animals. The surfactant compositions of the 
invention are therefore useful to achieve systemic absorption 
of insulin and other peptides/proteins, e.g., glucagon and 
macromolecular drugs and heparin delivered via the ocular 
route in the form of eye drops. 

[0157] Several other alkylmaltosides are also effective as 
absorption enhancers for ocular administration of insulin 
including 0.5% tridecylmaltoside (see Table III) and 0.125% 
(Table II) and 0.5 % tetradecyl maltoside. These studies shoW 
that alkylmaltosides With the longer alkyl chains (or number 
of carbon atoms), e.g., dodecyl-, tridecyl- and tetradecyl-[3 
D-maltosides, are more effective. The increase in the number 
of carbon atoms also contributes to the greater hydrophobic/ 
hydrophilic structural balance and absorption enhancing 
effect. The shorter alkyl chains (feWer carbon atoms) e.g., 
decylmaltoside, or no, e.g., octylmaltoside, produce less 
absorption enhancing activity. It is noted that the most 
effective alkylmaltosides produce effects comparable to or 
greater than those seen With other absorption enhancers such 
as saponin, and With the added advantage that they can be 
metaboliZed to nontoxic products folloWing systemic 
absorption. 

[0158] The effects of the alkylmaltosides as absorption 
enhancers are dose-dependent, as can be seen by examining 
the effects of different concentrations ranging from 0. 125 
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0.5% in producing a hypoglycemic effect When combined 
With insulin. Whereas, 0.5% and 0.375% dodecylmaltoside 
appear equally effective in achieving systemic absorption of 
insulin and reduction of blood glucose levels, 0.25% has a 
smaller and more transient effect and 0.125% is ineffective 
(Table I). Similarly, tridecylmaltoside also shoWs a dose 
dependent effect in loWering blood glucose concentrations 
When combined With insulin, but the effect achieved With 
even 0.25% of the absorption enhance is sustained for the 
tWo hour time course of the experiment. Thus, dose-depen 
dent effects of the alkylmaltosides suggest that they achieve 
enhancement of protein absorption via the ocular route in a 
graded fashion proportional to the concentration of the 
agent. 

TABLE I 

Effect of Eye Drops Containing Insulin Plus Various Concentrations 
of Dodecvl Maltoside on Blood Glucose Values (in mg/dl) in Rat 

Dodecvl Malto ide Concentration 

0.125% 0.25% 0.375% 0.50% 
Time (min) Blood Glucose Concentrations (mg/d1) 

—20 305 r 60 271 r 38 305 r 51 375 r 9 

—10 333 r 58 295 r 32 308 r 27 366 r 12 

0 338 r 67 323 r 62 309 r 32 379 r 4 

30 349 r 64 250 r 48 212 r 18 297 r 18 

60 318 r 38 168 r 22 134 r 4 188 r 25 

90 325 r 57 188 r 55 125 r 12 144 r 13 

120 342 z 78 206 z 63 119 z 19 123 z 5 

[0159] The absorption enhancing effects of the alkyl sac 
charides Were not con?ned to the alkylmaltosides alone 

since dodecylsucrose (0.125%, 0.25%, 0.375%) also shoWs 
a dose-dependent effect in producing ocular absorption of 
insulin and reduction in blood glucose levels. This effect is 
observed even at 0.125% alkyl saccharide (from 335 
mg/dl.+-0.26 mg/dl at time 0 min. to 150 mg/dl+-0.44 mg/dl 
at time 120 min.). 0.5% decylsucrose Was also effective in 
reducing blood glucose levels, but as shoWn for the alkyl 
maltosides, a reduction in the length of the alkyl chain, and 
hence the hydrophobic properties of the molecule, appears 
to reduce the potency of the alkylsucrose compounds. HoW 
ever, a signi?cant and sustained reduction in blood glucose 
levels is achieved With 0.5% decylsucrose (from 313 
mg/dl.+-0.15 mg/dl at time 0 min. to 164 mg/dl+-0.51 mg/dl 
at time 120 min.). The absorption enhancing abilities of 
alkyl saccharides With tWo distinct disaccharide moieties 
suggests that it is the physicochemical properties of the 
compounds Which are crucial to their activity and that other 
alkyl saccharides, e.g., dodecyllactose, have the right bal 
ance of properties to be equally or more effective as absorp 
tion enhancers While retaining the metabolic and nontoXic 
properties of the alkylsaccharide enhancing agents. These 
alkyl saccharides are anticipated by the invention. 

[0160] Studies With alkylglucosides Were also conducted; 
0.5% heXylglucoside and 0.5% heptylglucoside Were inef 
fective at promoting insulin absorption from the eye, but 
0.5% nonylglucoside effectively stimulated insulin absorp 
tion and reduced blood glucose levels (from 297 mg/dl to 
150 mg/dl). This result once further supports that the alkyl 
chain length, as Well as the carbohydrate moiety, play critical 
roles in effectively enhancing insulin absorption. 
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[0161] It should be noted that no damaging effects (i.e. 
non-irritants) to the ocular surface Were observed With any 
of the alkylmaltoside or alkylsucrose agents employed in 
these studies. Furthermore, the prompt and sustained 
hypoglycemic effects produced by these agents in combi 
nation With insulin suggest that these absorption enhancers 
do not adversely affect the biological activity of the hor 
mone, in keeping With their nondenaturing, mild surfactant 
properties. 

[0162] Thus, therapeutic compositions on the invention 
consisting of at least an alkyl glycoside and a drug are stable 
and the alkyl glycosides enhance the absorption of the drug. 

EXAMPLE 4 

Ocular and Intranasal Administration of the TDM 
Plus Insulin Produces Hypoglycemic Effects In 

Vivo 

[0163] Since previous EXamples shoWed that administra 
tion via eye drops of an absorption enhancer With drug e.g. 
insulin results in signi?cant absorption of the drug via the 
nasolacrimal drainage system, therapeutically effective 
administration of insulin With alkylmaltosides, alkylsucrose 
and like agents by intranasal administration is tested herein. 

[0164] Tetradecylmaltoside (TDM) in combination With 
insulin also produced a drop in blood D-glucose levels When 
administered in the form of a drop intranasally as Well as via 
a drop by the ocular route. Eye drops containing 0.2% 
regular porcine insulin With 0.125% tetradecylmaltoside are 
administered to rats as previously described. The adminis 
tration of the composition produces a prompt and prominent 
drop in blood glucose levels. The drop in blood glucose 
levels decrease even more by administration of a nose drop 
containing the same concentration of insulin With 0.5% 
tetradecylmaltoside (Table II.) Thus, intranasal delivery and 
administration of the alkyl saccharide With drug results in 
loWering of blood glucose levels. 

TABLE II 

Effect of Insulin Eye Drops, Containing 0.125% Tetradecyl Maltoside 
and Nose Drops Containing 0.5% Tetradecyl Maltoside on Blood 

Glucose Values in Rats 

Blood Glucose (mg/d1) 

Time (min) 

—20 319 
—10 311 

Eye drops added 

0 322 
15 335 
30 276 
45 221 
60 212 
75 167 
90 174 

105 167 
120 208 

Nose Drops Added 

135 129 
150 74 
165 76 
180 68 
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EXAMPLE 5 

Ocular Administration of Alkyl Saccharides Plus 
Insulin Produces Hyperglycemic Effects In Vivo 

[0165] Previous studies demonstrated that insulin absorp 
tion from the eye is stimulated by saponin, BL-9 and Brij -78. 
BL-9 and Brij-78 are ineffective at stimulating the absorp 
tion of glucagon from the eye, Whereas saponin is effective. 
Glucagon absorption from the eye Was measured in rats 
given eye drops containing various surfactants plus gluca 
gon (30 pg) (Eli Lilly, Indianapolis, Ind.) by monitoring an 
elevation in blood D-glucose levels. In these experiments, 
rats Were anesthetiZed With sodium pentobarbital rather than 
XylaZine/ketamin. This modi?cation of the procedure 
resulted in basal blood glucose levels in the normoglycemic 
range and made it possible to readily monitor the hyperg 
lycemic action of any glucagon absorbed from the eye. 

[0166] Paired animals that receive eye drops containing 
the surfactant alone, or glucagon alone, Were compared to 
animals receiving eye drops With the surfactant plus gluca 
gon. When eyedrops containing 0.5 % saponin plus glucagon 
are administered to rats, the level of D-glucose in blood rises 
signi?cantly, but no such effect is observed With eye drops 
containing 0.5% BL-9 or 0.5% Brij-78 plus glucagon. Inter 
estingly, When eye drops containing dodecylsucrose, decyl 
maltose or tridecylmaltose plus glucagon are administered to 
rats Which Were previously treated With eye drops containing 
these surfactant agents plus insulin, the glucagon is absorbed 
and blood D-glucose values increase signi?cantly (Table 
III). This result con?rms that ocular administration of certain 
alkylsaccharides can enhance the absorption of drugs, 
including glucagon and insulin. Moreover, it is noW possible 
to treat for a hypoglycemic crisis using a formulation With 
at least an alkyl saccharide of the invention. 

TABLE III 

Effect of Eye Drops Containing Insulin or Glucagon and 0.5% Decyl 
Maltoside, 0.5% Dodecyl Sucrose, or 0.5% Tridecyl Maltoside on Blood 

Glucose Values in Rats 

Surfactant Agent 

Time (min) Dodecyl Sucrose Decyl Maltoside Tridecyl Maltoside 

Blood Glucose Concentration (mg/d1) 

—20 266 249 255 
—10 305 287 307 

Insulin Eye Drops Added 

0 351 337 323 
10 347 304 309 
20 252 292 217 
30 161 221 131 
40 120 164 100 
50 105 138 87 
60 114 114 107 
70 113 104 115 
80 104 110 79 
90 86 120 85 

100 113 92 76 
110 107 81 74 
120 112 87 75 

Glucagon Eye Drops Added 

130 111 95 82 
140 143 99 121 
150 202 132 148 
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TABLE III-continued 

Effect of Eye Drops Containing Insulin or Glucagon and 0.5% Decyl 
Maltoside, 0.5% Dodecyl Sucrose, or 0.5% Tridecyl Maltoside on Blood 

Glucose Values in Rats 

Surfactant Agent 

Time (min) Dodecyl Sucrose Decyl Maltoside Tridecyl Maltoside 

160 247 157 173 
170 242 171 162 
180 234 180 162 
190 211 189 156 

EXAMPLE 6 

Intranasal Administration of 0.25% TDM Plus 
Insulin Decreases Blood Glucose Levels In Vivo 

[0167] Intranasal administration of drugs or agents are 
possible in animal models eg mice and rats, although the 
nasal opening in is very small. In the experiments and results 
described herein, an anesthesia-induced hyperglycemia 
model Was used (described in Examples above). Hypergly 
cemic animals Were induced by an intraperitoneal (IP) 
injection containing XylaZine-ketamine and blood glucose 
levels Were monitored over a period of time. Immediately 

after the XylaZine-ketamine injection, there Was an increase 
in the blood glucose levels as shoWn in FIG. 2 (closed dark 
circles), and blood glucose levels Were about 450 mg/dl. The 
increase in blood glucose levels Was attributed to the inhi 
bition of pancreatic insulin secretion. Blood glucose levels 
peak to about 482 mg/dl by 30 minutes after the XylaZine 
ketamine injection (FIG. 2). Then, at approximately 33 
minutes after the XylaZine-ketamine injection, 6 pL of insu 
lin (Humalog) in 0.25 % tetradecylmaltoside (TDM; or Intra 
vail A) Was administered intranasally using a long thin 
micropipette tip, and blood glucose levels Were monitored at 
about 15 minute intervals. After administration of the 0.25% 
TDM/insulin composition, there Was a rapid decrease in 
blood glucose levels, reaching a loW of about 80 mg/dl at 
about the 60 minute time point, or about 30 minutes after the 
insulin administration (FIG. 2). At about the 75 minute time 
point, blood glucose levels gradually returned to the baseline 
level in a normoglycemic mouse, or about 80-100 mg/dl. 

[0168] The results above Were compared With animals 
treated With insulin alone (same dosage), minus 0.25 % TDM 
(FIG. 2, open circles). The insulin only treatment shoWed 
blood glucose levels do not start to decline until at about the 
120 minute time mark, or about 110 minutes after the insulin 
administration. Further, the blood glucose levels observed in 
animals treated With insulin alone never return to normogly 
cemic levels, as Was observed in those animals receiving 
insulin plus 0.25% TDM (FIG. 2). 

[0169] Thus, these results again demonstrate that compo 
sitions of the invention consisting of certain alkyl glycosides 
or alkyl saccharides plus a drug, e.g. insulin, effectively 
loWer blood glucose levels, and that these effects are mea 
surable shortly after administration of the drug. 






