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(57) ABSTRACT 

The present invention relates to amphiphilic drug-oligomer 
conjugates capable of traversing the blood-brain barrier 
(“BBB”) and to methods of making and using such conju 
gates. An amphiphilic drug-oligomer conjugate comprises a 
therapeutic compound conjugated to an oligomer, Wherein 
the oligomer comprises a lipophilic moiety coupled to a 
hydrophilic moiety. The conjugates of the invention further 
comprise therapeutic agents such as proteins, peptides, 
nucleosides, nucleotides, antiviral agents, antineoplastic 
agents, antibiotics, etc., and prodrugs, precursors, deriva 
tives and intermediates thereof, chemically coupled to 
amphiphilic oligomers. 
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METHODS OF ALTERING THE BINDING 
AFFINITY OF A PEPTIDE TO ITS RECEPTOR 

RELATED APPLICATIONS 

[0001] This application is a divisional application of US. 
patent application Ser. No. 09/134,803, ?led Aug. 14, 1998, 
allowed, the disclosure of Which is incorporated herein by 
reference in its entirety. 

1. BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to amphiphilic oligo 
mer conjugates capable of traversing the blood-brain barrier 
(“BBB”) and to methods of making and using such conju 
gates. The conjugates of the invention comprise therapeutic 
agents such as proteins, peptides, nucleosides, nucleotides, 
antiviral agents, antineoplastic agents, antibiotics, etc., and 
prodrugs, precursors, derivatives and intermediates thereof, 
chemically coupled to amphiphilic oligomers. 

[0004] 2. Description of the Related Art 

[0005] In the ?eld of pharmaceutical and therapeutic 
invention and the treatment of disease states and enhance 
ment of physiological conditions associated With the CNS, 
a Wide variety of therapeutic agents have been developed, 
including proteins, peptides, nucleosides, nucleotides, anti 
viral agents, antineoplastic agents, antibiotics, etc., and 
prodrugs, precursors, derivatives and intermediates thereof. 

[0006] Additionally, the many knoWn neuroactive pep 
tides offer additional possibilities for useful therapeutic 
agents. Such neuroactive peptides play important biochemi 
cal roles in the CNS, for example as neurotransmitters 
and/or neuromodulators. Delivery of this diverse array of 
peptides to the CNS provides many opportunities for thera 
peutic bene?t. For example, delivery of endogenous and 
synthetic opioid peptides, such as the enkephalins, can be 
used to effect analgesia. 

[0007] HoWever, a number of obstacles currently limit the 
use of many compounds for use as CNS therapeutic agents. 

[0008] First, the brain is equipped With a barrier system. 
The brain barrier system has tWo major components: the 
choroid plexus and the blood-brain barrier (BBB). The 
choroid plexus separates cerebrospinal ?uid (CSF) from 
blood and the BBB separates brain ISF from blood. 

[0009] The BBB has about 1000 times more surface area 
than the choroid plexus and is the primary obstacle to 
delivery of therapeutic compounds to the CNS. The BBB 
acts as a selective partition, regulating the exchange of 
substances, including peptides, betWeen the CNS and the 
peripheral circulation. The primary structure of the BBB is 
the brain capillary endothelial Wall. The tight junctions of 
brain capillary endothelial cells prevent circulating com 
pounds from reaching the brain ISF by the paracellular 
route. Furthermore, recent Work suggests the existence of a 
physiological barrier at the level of the basal lamina, in 
addition to the barrier provided by the tight junctions. Kroll 
et al., Neurosurgery, Vol. 42, No. 5, p.1083 (May 1998). 
Other unique characteristics of the BBB include lack of 
intracellular fenestrations and pinocytic vesicles and a net 
negative charge on the luminal surface of the endothelium. 
Id. 
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[0010] The mechanisms by Which substances may traverse 
the BBB may generally be divided into active and passive 
transport mechanisms. Lipophilic molecules readily traverse 
the BBB by passive transport or diffusion through the 
endothelial plasma membranes. In contrast, hydrophilic 
molecules, such as peptides, typically require an active 
transport system to enable them to cross the BBB. Certain 
larger peptides, such as insulin, have receptors on the 
luminal surface of the brain capillaries Which act as active 
transcytosis systems. 

[0011] Diffusion of many therapeutic compounds, such as 
peptides, across the BBB is also inhibited by siZe. For 
example, cyclosporin, Which has a molecular Weight of 
~1200 Daltons (Da), is transported through the BBB at a 
much loWer rate than its lipid solubility Would predict. Such 
divergence betWeen lipid solubility and BBB permeation 
rates is probably due to steric hinderances and is common 
Where the molecular Weight of a compound exceeds 800 
1000 Da. 

[0012] A further barrier to peptide delivery to the CNS is 
metabolic instability. In particular, before peptides injected 
into the blood reach the CNS, they must survive contact With 
enZyme degrading enZymes in the blood and in the brain 
capillary endothelium. BBB enZymes are knoWn to degrade 
most naturally occurring neuropeptides. Orally administered 
peptides face additional barriers discussed beloW. Metaboli 
cally stabliZed peptides may exhibit increased resistance to 
certain enZymes; hoWever, it has not been possible to protect 
peptides from the Wide range of peptide-degrading enZymes 
present in the blood and BBB. 

[0013] Another dif?culty inherent in delivering peptides to 
the BBB is that successful transcytosis is a complex process 
Which requires binding at the lumenal or blood side of the 
brain capillary endothelium, movement through the endot 
helial cytoplasm, and exocytosis at the ablumenal or brain 
side of the BBB. Peptides may bind to the lumenal mem 
brane of the brain capillary endothelium or undergo binding 
and endocytosis into the intracellular endothelial compart 
ment Without being transported into the CNS. 

[0014] In any event, many currently existing drug sub 
stances, especially peptides, are unable to overcome these 
structural and metabolic barriers to enter the BBB in suf? 
cient quantities to be efficacious. There is therefore a need 
for pharmaceutical compositions Which can (1) Withstand 
degradative enZymes in the blood stream and in the BBB and 
(2) Which can penetrate through the BBB in suf?cient 
amounts and at sufficient rates to be efficacious. 

[0015] Many attempts have been made in the art to deliver 
therapeutic compounds, such as peptides, to the CNS With 
varying levels of success. Such attempts can generally be 
grouped into tWo categories: invasive and pharmacological. 

[0016] Invasive delivery strategies include, for example, 
mechanical procedures, such as implantation of an intraven 
tricular catheter, folloWed by pharmaceutical infusion into 
the ventricular compartment. Aside from general consider 
ations relating to the invasiveness of mechanical procedures, 
a major dif?culty With mechanical approaches is the lack of 
peptide distribution. For example, injection of peptides into 
the CSF compartment results in very little distribution 
beyond the surface of the brain. This lack of distribution is 
due in part to rapid exportation of peptides to the peripheral 
circulation. 
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[0017] Another invasive strategy for delivering therapeu 
tic compounds to the CNS is by intracartoid infusion of 
highly concentrated osmotically active substances, such as 
mannitol or arabinose. Their high local concentration causes 
shrinkages of the brain capillary endothelial cells, resulting 
in a transient opening of the tight junctions Which enable 
molecules to traverse the BBB. Such procedures have con 
siderable toXic effects, including in?ammation, encephalitis, 
etc. Furthermore, such procedures are not selective: the 
opening of the tight junctions of the BBB permits many 
undesirable substances to cross the BBB along With the 
therapeutically bene?cial molecule. For a recent revieW of 
osmotic opening and other invasive means for traversing the 
BBB, see Kroll, Robert A. Neurosurgery, Vol. 42, No. 5, 
May 1998. 

[0018] While the risks involved in these invasive proce 
dures may be justi?ed for life-threatening conditions, they 
are generally not acceptable for less dramatic illnesses. 
There is therefore a need for less invasive, non-mechanical 
and safer means for enabling therapeutic compounds to 
cross the BBB. 

[0019] As noted above, lipophilic substances can gener 
ally diffuse freely across the BBB. Accordingly, a common 
pharmacological strategy for enabling peptides to traverse 
the BBB is to chemically modify the peptide of interest to 
make it lipid-soluble. Hydrophilic drug substances have 
been derivatiZed With short chain or long chain fatty acids to 
form prodrugs With increased lipophilicity. 

[0020] Prodrugs are biologically inert molecules Which 
require one or more metabolic steps to convert them into an 
active form. A dif?culty With the prodrug approach to 
crossing the BBB is that the cleavage necessary to yield an 
active drug may not occur With sufficient ef?ciency and 
accuracy to produce an efficacious amount of the drug. 

[0021] There is therefore a need for modi?ed stable thera 
peutic compounds, such as peptides, Which are capable of 
traversing the BBB but Which retain all or part of their 
ef?cacy Without requiring metabolic steps to convert them 
into an active form. 

[0022] A further difficulty With lipidiZed prodrugs is that 
they pass in and out of the CNS so readily that they may 
never reach suf?cient concentration in the CNS to achieve 
their intended function. For eXample, previous attempts have 
been made to engineer enkephalin conjugates Which can 
traverse the BBB. See Partridge, W.M., “Blood-Brain Bar 
rier Transport and Peptide Delivery to the Brain,”Peptia'e 
Based DrugDesign: Controlling Transport and Metabolism, 
p. 277 (1995). HoWever, these strategies required the sub 
cutaneous delivery of frequent and massive doses of peptide 
to induce analgesia. Frequent and/or massive dosing is 
inconvenient to the patient and may result in serious side 
effects. 

[0023] There is therefore a need in the art for means for 
enabling therapeutic agents, such as peptides, to cross the 
BBB in a controlled manner Which permits accumulation of 
sufficient quantities of the therapeutic in the brain to induce 
the desired therapeutic effect. 

[0024] Another pharmacological method for delivering 
peptides across the BBB is to covalently couple the peptide 
of interest to a peptide for Which a speci?c receptor 
mediated transcytosis system eXists. For eXample, it is 
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theoretically possible to attach [3-endorphin, Which is not 
normally transported through the BBB, to insulin to be 
transported across the BBB by insulin receptor-mediated 
transcytosis. Upon entry into the brain interstitial space, the 
active peptide ([3-endorphin) is then released from the trans 
port vector (insulin) to interact With its oWn receptor. 

[0025] HoWever, the dif?culty With this system is design 
ing a chimeric molecule Which can become detached upon 
entry into the interstitial space; to the inventor’s knoWledge, 
this has not yet been achieved. Additionally, the poor sto 
ichiometry of the neuropeptide to the carrier molecule limits 
the mass of the target peptide. Furthermore, receptor-medi 
ated cellular transport systems typically have physiologi 
cally limited transport capacity. This is a rate-limiting factor 
Which can prevent entry of pharmaceutically active amounts 
of peptide. 

[0026] There is therefore a need in the art for means for 
enabling therapeutic substances, such as peptides, to cross 
the BBB by diffusion so as to avoid the limitations inherent 
in receptor-mediated transport. 

[0027] Other pharmacological strategies include using an 
active fragment of a native peptide; modi?cation of a native 
peptide to increase blood-brain barrier (BBB) transport 
activity; and delivery of a gene encoding the neuropeptide to 
the brain. 

[0028] Oral administration is a desirable and convenient 
route of administration; hoWever, orally delivered peptides 
must overcome a series of barriers before they can enter the 
blook stream. Such peptides must survive proteolysis and 
the acidic environment of the stomach, gastric and pancre 
atic enZymes, eXo- and endopeptidases in the intestinal 
brush border membrane. 

[0029] There is therefore a need for orally administered 
peptides Which can also resist proteolytic enZymes in the 
blood and BBB and Which can traverse the BBB in suf?cient 
quantities to provide broad distribution of drugs into the 
entire brain parenchyma. 

[0030] Methionine-enkephalin and leucine-enkephalin are 
naturally occurring analgesic pentapeptides. These peptides 
and their analogs are knoWn to act as neurotransmitters or 
modulators in pain transmission. Their analgesic properties 
are short in duration. When administered by intracere 
broventricular injection, the duration of their action is also 
transient. 

[0031] These properties make the enkephalins attractive 
compounds for use as therapeutic agents, for mediating 
analgesia and providing a viable alternative to morphine. 
HoWever, in order to deliver enkephalkins across the BBB, 
they must be protected against rapid degration by aminopep 
tidases and enkephalinases. Furthermore, since enkephalins 
are hydrophilic peptides, they must be modi?ed to provide 
them With increased lipophilic characteristics before they 
can passively diffuse across the BBB into the CNS. 

[0032] The attractive therapeutic properties of enkephalins 
have been knoWn for some time, and many investigators 
have attempted to enhance the ability of enkephalins to 
traverse the BBB. 

[0033] Schroder et al.,Proc. Int. Symp. Control Rel. Biact. 
Material, Vol. 23, p. 611 (1996) teaches that Dalargin, a 
leu-enkephalin analogue can be incorporated in nanopar 
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ticles formed by polymerization of butylanoacrylate. The 
particles are coated With polysorbate, a penetration 
enhancer. Analgesic activity is obtained after intravenous 
administration. Unlike the present invention, hoWever, the 
Schroder peptide must be chemically bound to the polymeric 
material or to the polysorbate. The formulation is therefore 
a physical mixture of active drug and polymeric material. 

[0034] TsuZuki et aL, Biochem. Pharm. Vol. 41, p. R5 
(1991) teaches that analogues of leu- enkephalin can be 
derivatiZed With adamantane moiety to obtain lipophilic 
enkephalin that shoWs an antinociceptive effect after sub 
cutaneus administration. Modi?cation at the N-terminus 
abolishes activity While the derivative at the C-terminus 
through ester bond retains activity. It is postulated that the 
activity is obtained after cleavage of the adamantane moiety. 
The derivative is therefore a prodrug, a concept not consis 
tent With aspects of the present invention in Which the 
therapeutic conjugate retains the activity of the native pep 
tide. 

[0035] Prokai-Tatra, J. M. Chem, Vol. 39, p. 4777 (1996) 
teaches that a leucine-enkephalin analogue can be modi?ed 
With chemical delivery system Which is based on a ret 
rometabolic drug design. The enkephaklin analogue is 
derivatiZed With a dihydropyridine moiety at the N-terminus 
and a lipophilic moiety at the C-terminus. After intravenous 
administration of the conjugate, analgesic response is 
observed. It is postulated that the lipophilic modi?cation at 
the C-terminus enables penetration into the CNS, While the 
dihydropyridine moiety undergoes oXidative transformation 
to generate a charged moiety Which restricts the peptides 
from ef?uXing into the circulatory system. Cleavage of the 
peptide from this moiety restores the observed analgesic 
activity. The derivatiZed peptide is inactive and regains 
activity only after metabolic transformation. The product is 
therefore a pure prodrug, requiring metabolic transformation 
to transform it into an active form. 

[0036] US. Pat. No. 4,933,324 to Shashoua teaches that 
certain natural fatty acids can be conjugated to neuroactive 
drugs. A highly unsaturated fatty acid of tWenty-tWo (22) 
carbon chain length is particularly preferred. Administration 
of the conjugate shoWs absorption into the brain. As is the 
case With adamantane conjugation, this approach requires 
metabolic transformation of the prodrug conjugate of 
enkephalin to restore the activity of the enkephalin peptide. 

[0037] There is therefore a compelling need in the art for 
pharmaceutically acceptable and effective therapeutic/diag 
nostic compositions capable of traversing the BBB Without 
substantial loss or diminution of their therapeutic or diag 
nostic character. 

2. SUMMARY OF THE INVENTION 

[0038] The present invention broadly relates to therapeutic 
and/or diagnostic drug-oligomer conjugates Wherein a drug 
molecule is covalently bonded to an oligomer to form an 
amphiphilic conjugate. In one aspect, the oligomer com 
prises at least one lipophilic moiety and at least one hydro 
philic moiety, and the siZe and nature of the amphiphilic and 
lipophilic moieties is so selected as to impart an amphiphilic 
nature to the resulting conjugate. 

[0039] The present invention relates generally to 
amphiphilic drug-oligomer conjugates capable of traversing 
the BBB and to methods of making and using such conju 
gates. 
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[0040] In one aspect, the therapeutics are neuroactive 
drugs, proteins, peptides and especially enkephalin ana 
logues. The conjugates are stable in the environment of the 
bloodstream and resist degradation by the enZymes of the 
BBB and in the CNS. Furthermore, the conjugates readily 
traverse the BBB. 

[0041] In one aspect, the drug-oligomer conjugates pro 
duce their intended pharmacological effect Without under 
going metabolic cleavage of the oligomer. 

[0042] In another aspect, the lipophile and hydrophile are 
connected by a labile, hydrolyZable bond. When the bond is 
hydrolyZed in the CNS, the hydrophile remains attached to 
the drug. 

[0043] The amphiphilic oligomers are composed of lipo 
philic and hydrophilic moieties. The lipophilic moieties are 
preferably natural fatty aids or alkyl chains. Preferably, the 
fatty- acid moiety is a straight chain molecule having 
(saturated or unsaturated) carbon atoms and suitably ranges 
from four (4) to tWenty-siX (26) carbon atoms. Most pref 
erably, the fatty acid has from fourteen (14) to tWenty-tWo 
(22) carbon atoms. 

[0044] The hydrophilic moieties are preferably small seg 
ment of polyethylene glycol (PEG), preferably having 1-7 
PEG units, and more preferably 1-5 PEG units. The length 
and composition of the lipophilic moieties and the hydro 
philic moieties may be adjusted to obtain desired amphiphi 
licity. 
[0045] In another aspect, a cholesterol or adamantane 
moiety is substituted for straight chain fatty acid portion of 
the oligomers. 

[0046] EXamples of preferred oligomers are as folloWs: 

CHa(CH2)n(OC2H4)mOH (Formula 1); 
[0047] Wherein n=3 to 25 and m=1 to 7; 

CH3(CH2)n(OC2H4)mOCH2CO2H (Formula 2); 
[0048] Wherein n=3 to 25 and m=1 to 6; 

CH3(CH2)nCX(OC2H4)mOH (Formula 3); 

[0049] Wherein n=3 to 25, m=1 to 7 and X=O; 

R—(OC2H4)mCH2CO2H (Formula 4) 
[0050] Wherein m=0 to 5 and R=cholesterol or adaman 
tane; or 

R—OCO(C2H4O)mCH2CO2H (Formula 5); 

[0051] Wherein m=0 to 5; 

CH3(CH2—CH:CH)6(CH2)2CH2(OC2H4)mOH (Formula 6); 

[0052] Wherein m=0 to 7; 

[0053] Wherein m=1 to 7 and X=N or 0. 

[0054] Other unsaturated fatty acid moieties Which can be 
used according to the present invention include oleic, 
linoleic, and linolenic. 

[0055] For eXample, in one aspect, the lipophile and 
hydrophile are connected by hydrolyZable bonds. It is pref 
ered to provide hydrolyZable bonds betWeen the fatty acid 
and hydrophilic moieties. This permits hydrolysis to occur 
after penetration into the CNS, thus releasing the active 
peptides With the hydrophilic group still attached to the 
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peptide. As a result, the peptide acquires a more hydrophilic 
character and effluX to the circulatory system is thereby 
hindered. 

[0056] Exemplary conjugates having non-hydrolyZable 
bonds are as follows: 

0 
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drug), or carbamate (an chloroformate group of the oligomer 
is linked to an amine group of the peptide drug). In general, 
the derivitiZable amine group of the peptide is the amine of 
the N-terminus or a nucleophilic amino residue, usually 
found on the epsilon amino residue of a lysine residue. 

DHA MET-ENKEPHALIN-LYS 

H2N—Tyr-Gly-Gly-Phe-Met-Lys-COOH 

LINOLEIC MET-ENKEPHALIN-LYS 

HZN —Tyr-Gly-Gly-Phe-Met-Lys-COOH 

CETYL MET-ENKEPHALIN-LYS 

[0057] In another aspect, the lipophile and hydrophile are 
connected by hydroliZable bonds. 

[0058] For example: 

HZN — Tyr-Gly-Gly-Phe-Met-Lys-COOH 

[0060] In another aspect, an ester (a carboXy group of the 
peptide is covalently coupled to a hydroXyl group of the 
oligomer or a carboXy group of the oligomer is covalently 

CH3 

CH3 

CHOLESTEROL MET-ENKEPHALIN-LYS 

H2N— Tyr-Gly-Gly-Phe-Met-Lys-COOH 

PALMITATE-TEG MET-ENKEPHALIN-LYS 

C(O) _ O— (OC2H4)3' C(O) _ (CH2)14 —CH3 

HN— Tyr-Gly-Gly-Phe-Met-Lys-COOH 

DI-PALMITATE-TEG MET-ENKEPHALIN-LYS 

[0059] In one aspect, the covalent bond betWeen the 
oligomer and the drug is preferably amide (a carboXy group 
of the oligomer is linked to an amine group of the peptide 

coupled to a hydroXyl group of the drug), amide (a carboXy 
group of the oligomer is linked to an amine group of the 
drug) or carbamate (an chloroformate group of the oligomer 
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is linked to an amine group of the drug) bond is provided for 
non-peptide drugs. 
[0061] For the enkephalin analogues, the preferred pep 
tides are leu-enkephalin lysine and met-enkephalin lysine. 
The amino side chain of the lysine is preferably utiliZed in 
bonding. 
[0062] The amphiphilic drug-oligomer conjugate may 
comprise multiple oligomers of differing compositions. 

[0063] In another aspect, the amphiphilic drug-oligomer 
conjugates moieties are con?gured as folloWs: 

[0064] R— 
OCH2CH2OCH2C(O)OCHZCHZCHZOCHZCH2 
CH2NH—Enkephalin; or 

[0065] R—OCH2CH2OCH2C(O)OCH2CH2NH— 
Enkephalin . 

[0066] Wherein R=alkyl1_26, cholesterol or amantane. 

[0067] In another aspect of the amphiphilic oligomer 
moieties are sugar moieties coupled to natural fatty acids 
and segments of polyethylene glycol. The PEG moiety 
serves to increase the amphiphilicity of the fatty sugar. 
Examples of arrangements including sugar moieties are 
provided in FIGS. 1A-1C. 

[0068] In another aspect, PEG is used as a spacer group in 
the amphiphilic conjugate and the length and number of the 
PEG moieties can be varied to re?ne the amphiphilicity of 
the conjugate. Increasing the number of PEGs increases the 
hydrophilicity of the conjugate. 

[0069] In another aspect of the invention, a proline or 
alanine is added to the N-terminus of the peptide. In a 
preferred aspect, a proline or alanine is added to the N-ter 
minus of an enkephalin peptide and the oligomer moiety is 
coupled to the N-terminus of the proline or alanine residue. 

[0070] After absorption into the central nervous system, 
the esters of the fatty sugar are hydrolysiZed leaving a 
hydrophilic moiety. Ef?ux is hindered and the brain ami 
nopeptidases cleave the proline or alanine portion leaving 
the peptide to regain full activity. 

[0071] The invention also provides a pharmaceutical com 
position comprising an amphiphilic drug-oligomer conju 
gate and a pharmaceutically acceptable carrier. 

[0072] In another aspect, a pharmaceutical composition is 
provided comprising (1) a mixture of an enkephalin conju 
gate according to the present invention Wherein the enkepha 
lin peptide has proline or alanine added to its N-terminus and 
an enkephalin conjugate according to the present invention 
Which does not have a proline or alanine added to the 
N-terminus, and (2) a pharmaceutical carrier. This aspect 
provides a faster acting sustained dose of enkephalin. 

[0073] The invention also provides methods of adminis 
tering a conjugate of the invention. 

[0074] The invention further provides assays, both in vitro 
and in vivo, for testing the ef?cacy of the conjugates of the 
invention. 

[0075] Other objects and further scope of applicability of 
the present invention Will become apparent from the detailed 
description given hereafter. It should be understood that the 
detailed description and speci?c examples, While indicating 
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preferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Will become apparent to those skilled in the art from the 
detailed description. 

[0076] 2.1 DEFINITIONS 

[0077] As used herein, the term “lipophilic” means the 
ability to dissolve in lipids and/or the ability to penetrate, 
interact With and/or traverse biological membranes. 

[0078] As used herein, the term, “lipophilic moiety” or 
“lipophile” means a moiety Which is lipophilic and/or 
Which, When attached to another chemical entity, increases 
the lipophilicity of such chemical entity, e.g., fatty acid, 
cholesterol. 

[0079] As used herein, the term “hydrophilic” means the 
ability to dissolve in Water. 

[0080] As used herein, the term “hydrophilic moiety” or 
“hydrophile” refers to a moiety Which is hydrophilic and/or 
Which When attached to another chemical entity, increases 
the hydrophilicity of such chemical entity, e. g., sugars, PEG. 

[0081] As used herein, the term “amphiphilic” means the 
ability to dissolve in both Water and lipids. 

[0082] As used herein, the term “amphiphilic moiety” 
means a moiety Which is amphiphilic and/or Which When 
attached to a peptide or non-peptide drug increases the 
amphiphilicity of the resulting conjugate, e.g., PEG-fatty 
acid oligomer, sugar-fatty acid oligomer. 

[0083] As used hereWith, the term “neuroactive drug” is 
used broadly to encompass any peptide or other drug having 
an activity Within the CNS, e.g., enkephalin, enkephalin 
analogues. 

[0084] As used herein the term “peptide” is intended to be 
broadly construed as inclusive of polypeptides per se having 
molecular Weights of up to about 10,000, as Well as proteins 
having molecular Weights of greater than about 10,000. 

[0085] As used herein, the term “covalently coupled” 
means that the speci?ed moieties are either directly 
covalently bonded to one another, or else are indirectly 
covalently joined to one another through an intervening 
moiety or moieties, such as a bridge, spacer, or linkage 
moiety or moieties. 

[0086] As used herein, the term “drug” means a substance 
intended for use in the diagnosis, characteriZation, cure, 
mitigation, treatment, prevention or allaying the onset of a 
disease, disease state, or other physiological condition or to 
enhance normal physiological functioning in humans and/or 
in non-human animals. 

3. BRIEF DESCRIPTION OF THE FIGURES 

[0087] FIGS. 1A-1C: Formulae 8-10; amphiphilic oligo 
mers of the present invention Where in the lipophile is a 
sugar. In 1b and 1c, PEG is used as a spacer group. In 1A-1C 
a proline residue is added at the N-terminus of the enkepha 
lin peptide. 

[0088] FIG. 2: Compares the stability of the cetyl-PEG2 
enkephalin-lys conjugate (non-hydrolyZable) to unconju 
gated enkephalin in rat brain homogenate. 
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[0089] FIG. 3: Compares the stability of the cetyl-PEG3 
enkephalin conjugate (non-hydrolyZable) to unconjugated 
enkephalin in rat brain homogenate. 

[0090] FIG. 4: Compares palmitate-PEG3-Enk conjugate 
(hydrolyZable) to unconjugated enkephalin in rat brain 
homogenate. 

[0091] FIG. 5a-5d: HPLC data showing extraction of 
conjugate from homogeniZed rat brain. 

[0092] FIG. 6: Graph demonstrating competitive binding 
betWeen cetyl-PEG2-enkephalin conjugate and naloXone, an 
Opioid p receptor agonist. 

[0093] FIG. 7: Graphic comparison of analgesic effect of 
cetyl-PEG2-enkephalin With clonidine (a morphine substi 
tute). 
[0094] FIG. 8: Table shoWing results of receptor binding 
assays for various conjugates according to the present inven 
tion. 

[0095] FIG. 9: Exemplary synthetic scheme for an oligo 
mer according to the present invention. 

[0096] FIG. 10: EXemplary synthetic scheme shoWing 
attachment of an oligomer to an enkephalin peptide accord 
ing to the present invention. 

4. DETAILED DESCRIPTION OF THE 
INVENTION 

[0097] For clarity of disclosure, and not by Way of limi 
tation, the detailed description of the invention is divided 
into the subsections Which folloW. 

[0098] The present invention relates generally to 
amphiphilic drug-oligomer conjugates capable of traversing 
the BBB and to methods of making and using such conju 
gates. 

[0099] The drugs are preferably neuro-active drugs, pro 
teins, peptides and especially enkephalin analogues. The 
conjugates are stable in the environment of the bloodstream 
and resist degradation by the BBB. The conjugates readily 
traverse the BBB. 

[0100] In one aspect, the conjugates produce their 
intended pharmacological effect Without requiring metabolic 
cleavage of the oligomer. When cleavage of the oligomer 
occurs, the drug retains activity. 

[0101] The amphiphilic oligomers are composed of lipo 
philic and hydrophilic moieties. The lipophilic moieties are 
preferably natural fatty aids or alkyl chains. The lipophilic 
moieties are preferably small segments of PEG, having 1 to 
7 PEG moieties, and preferably having 1 to 5 PEG moieties. 
The length and composition of the lipophilic moieties and 
the hydrophilic moieties may be adjusted to obtain desired 
amphiphilicity. For eXample, the carbon chains of the fatty 
acid or alkyl moieties may be lengthened to increase lipo 
philicity, While PEG moieties may be lengthened to increase 
hydrophilicity. 

[0102] Preferably, the fatty-acid moiety is a straight chain 
molecule having saturated and unsaturated carbons and 
ranges from four (4) to tWenty-siX (26) carbon atoms. Most 
preferably, the fatty acid has from fourteen (14) to tWenty 
tWo (22) carbon atoms. 
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[0103] A cholesterol or adamantane moiety can be substi 
tuted for straight chain fatty acid as the lipophilic portion of 
the oligomers. 

[0104] EXamples of preferred oligomers are as folloWs: 

CH3(CH2)n(OC2H4)mOH 

[0106] Wherein n=3 to 25 and m=1 to 6; 

CH3(CH2)nCO(OC2H4)mOH (Formula 3); 

[0107] 

(Formula 1); 
Wherein n=3 to 25 and m=1 to 7; 

(Formula 2); 

Wherein n=3 to 25, and m=1 to 7; 

(Formula 4) 
[0108] Wherein m=0 to 5 and R=cholesterol or adaman 
tane; or 

R—OCO(C2H4O)mCH2CO2H (Formula 5); 

[0109] Wherein m=0 to 5; 

CH3(CH2—CH:CH)6(CH2)2CH2(OC2H4)mOH (Formula 6); 

[0110] Wherein m=1 to 7; 

[0111] Wherein m=1 to 7. 

[0112] Other unsaturated fatty acid moieties Which can be 
used according to the present invention include oleic, 
linoleic and linolenic. 

[0113] In certain instances, it is preferred to provide 
hydrolyZable bonds between the polyethylene glycol and the 
fatty acid moieties. This permits hydrolysis to occur after 
penetration into the central nervous system, thus releasing 
the active peptides With the polyethylene glycol group still 
attached to the peptide. The peptides acquire a more hydro 
philic character and effluX to circulatory system is thereby 
hindered. 

[0114] The covalent bond betWeen the oligomer and the 
drug is preferably amide (a carboXy group of the oligomer 
is linked to an amine group of the peptide), or carbamate (an 
chloroformate group of the oligomer is linked to an amine 
group of the peptide). 

[0115] For non-peptide drug, the bond is preferably ester 
(a carboXy group of the peptide is covalently coupled to a 
hydroXyl group of the oligomer or a carboXy group of the 
oligomer is covalently coupled to a hydroXyl group of the 
drug), amide (a carboXy group of the oligomer is linked to 
an amine group of the drug) or carbamate (a chloroformate 
group of the oligomer is linked to an amine group of the 
drug). For the enkephalin analogues, the preferred peptides 
are leu-enkephalin lysine and met-enkephalin lysine. The 
amino residue of the lysine is preferably utiliZed in bonding. 

[0116] Other preferred amphiphilic moieties are sugar 
moieties, coupled to natural fatty acids and segments of 
polyethylene glycol. The PEG moiety serves to increase the 
amphiphilicity of the fatty sugar. 

[0117] The length and number of the PEG moieties can be 
varied to re?ne the amphiphilicity of the conjugate. Increas 
ing the number of PEGs increases the hydrophilicity of the 
resulting oligomer. 

[0118] In certain instances, it is preferred to modify the 
N-terminus of an enkephalin With proline or alanine before 



US 2004/0102381 A1 

attaching the oligomer. After absorption into the central 
nervous system, the esters of the fatty sugar are hydrolysiZed 
leaving hydrophilic moiety. Easy ef?ux is hindered and the 
brain aminopeptidases cleave the proline or alanine portion 
leaving the peptide to regain full activity. 

[0119] Where the hydrophilic moiety is a sugar, it is 
preferred that the sugar is a monosaccharide. The sugar may 
be an amino sugar or a non-amino sugar. 

[0120] In another aspect, the oligomer is attached to the 
C-terminus of the peptide drug. For example: 

[0121] R— 
OCH2CH2OCH2C(O)OCHZCHZCHZOCHZCH2 
CH2NH—Enkephalin; or 

[0122] R—OCH2CH2OCH2C(O)OCH2CH2NH— 
Enkephalin. 

[0123] Wherein R=alkyl1_26, cholesterol or amantane. 

[0124] In another aspect, the oligomer is attached at the 
N-terminus of the peptide drug. For example: 

R — OCCHZOCHZCHZOCHZCON 

CNH— Enkephalin 

O 

R—OCCHZOCHZCHZOCHZCHZCHZNH—Enkephalin 

[0125] It Will be appreciated by one of skill in the art that 
the oligomers may be attached at the carboxy terminus or at 
a constituent.of an amino acid side chain, such as at the 
amino group of lysine. 

[0126] The present invention broadly relates to therapeutic 
and/or diagnostic conjugates Wherein the therapeutic and/or 
diagnostic molecule is covalently bonded to an oligomer to 
form an amphiphilic conjugate. In one aspect, the oligomer 
comprises at least one lipophilic moiety and at least one 
hydrophilic moiety, and the siZe and nature of the tWo 
moieties is so selected as to impart an amphiphilic nature to 
the resulting conjugate. 

[0127] Exemplary oligomers according to the present 
invention are as folloWs: 

[0132] Where m=l to 6; 
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[0149] The invention thus comprehends various composi 
tions for therapeutic (in vivo) application, Wherein the 
peptide component of the conjugated peptide complex is a 
physiologically active, or bioactive, peptide. In such pep 
tide-containing compositions, the conjugation of the peptide 
component to the oligomer may be by direct covalent 
bonding or indirect (through appropriate spacer groups) 
bonding, and the hydrophilic and lipophilic moieties may 
also be structurally arranged in the oligomer in any suitable 
manner involving direct or indirect covalent bonding, rela 
tive to one another. AWide variety of peptide species may be 
accommodated in the broad practice of the present inven 
tion, as necessary or desirable in a given end use therapeutic 
application. 
[0150] While the description is primarily and illustratively 
directed to the use of enkephalin as a peptide component in 
various compositions and formulations of the invention, it 
Will be appreciated that the utility of the invention is not thus 
limited, but rather extends to any peptide species Which 
capable of conjugation to the oligomers herein described, or 
Which are capable of being modi?ed, as for example by the 
incorporation of a proline residue, so as to enable the peptide 
to be conjugated to the oligomers described herein. 

Where m=l to 6; 

Where m=l to 6; 

Where m=l to 6; 

Where m=l to 6; 

Where m=l to 6. 
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[0151] Accordingly, appropriate peptides include, but or 
not limited to: adrenocorticotropic hormone, adenosine 
deaminase ribonuclease, alkaline phosphatase, angiotensin, 
antibodies, arginase, arginine deaminease, asparaginase, 
caerulein, calcitonin, chemotrypsin, cholecystokinin, clot 
ting factors, dynorphins, endorphins, endorphins, enkepha 
lins, enkephalins, erythropoietin, gastrin-releasing peptide, 
glucagon, hemoglobin, hypothalmic releasing factors, inter 
feron, katacalcin, motilin, neuropeptide Y, neurotensin, non 
naturally occurring opioids, oxytosin, papain, parathyroid 
hormone, peptides prolactin, soluble CD-4, somatomedin, 
somatostatin, somatostatin, somatotropin, superoxide dis 
mutase, thyroid stimulating hormone, tissue plasminogen 
activator, trypsin, vasopressin, and analogues of such pep 
tides, as Well as other suitable enZymes, hormones, proteins, 
polypeptides, enZyme-protein conjugates, antibody-hapten 
conjugates, viral epitopes, etc. 

[0152] In other aspect, the therapeutic peptide of the 
amphiphilic drug-oligomer conjugates are as described in 
United States Patent 5,641,861, Which is incorporated herein 
by reference, so long as any of such peptides contains a 
lysine residue. Exemplary peptides described therein 
include: Ac-Phe-Arg-Trp-Trp-Tyr-Lys—NH2; Ac-Arg-Trp 
Ile-Gly-Trp-Lys—NH2; Trp-Pro-Lys-His-Xaa—NH2, Where 
Xaa can be any one of the tWenty naturally occurring amino 
acids, or Trp-Trp-Pro-Xaa—NH2 , Where Xaa is Lys or Arg; 
Tyr-Pro-Phe-Gly-Phe-Xaa—NH2, Wherein Xaa can be any 
one of the tWenty naturally occurring amino acids; (D)Ile 
(D)Met-(D)Ser-(D)Trp-(D)Trp-Glyn-Xaa—NH2, Wherein 
Xaa is Gly or the D-form of a naturally-occurring amino acid 
and n is 0 or 1, peptides of this formula can be hexapeptides 
When Gly is absent (n is 0) and heptapeptides When Gly is 
present (n is 1); (D)Ile-(D)Met-(D)Thr-(D)Trp-Gly-Xaa— 
NH2, Wherein Xaa is Gly or the D-form of a naturally 
occurring amino acid; Tyr-Al-B2-C3—NH2, Wherein Al is 
(D)Nve or (D)Nle, B2 is Gly, Phe, or Trp, and C3 is Trp or 
Nap; Pm and red {MeXHYN-Tyr-(NMe)Z-Tyr-XaaZ— 
NHZ}, Wherein X and y independently are 0, 1, or 2 and Z is 
0 or 1, and Wherein Xaa is Phe D-Phe, or NHBZl. 

[0153] In other aspect, the therapeutic peptide of the 
amphiphilic drug-oligomer conjugates are as described in 
US. Pat. No. 5,602,099, Which is incorporated herein by 
reference. With the proviso that the conjugation can occur 
only Where there is a free carboxyl or free N-terminal. 
Exemplary peptides include: H-Tyr-Tic-Phe-Phe-OH; 
H-Tyr- Tic-Phe-Phe-NH2; Tyr(NotMe)-Tic-Phe-Phe-OH; 
Tyr(Na Cpm)-Tic-Phe-Phe-OH; Tyr(NotHex)-Tic-Phe-Phe 
OH; Tyr(NotEt2)-Tic-Phe-Phe-OH; H-Dmt-Tic-Phe-Phe 
OH; H-Dmt-Tic-Phe-Phe-NH2; H-Tyr(3-F)-Tic-Phe-Phe 
OH; H-Tyr(3-Cl)-Tic-Phe-Phe-OH; H-Tyr(3-Br)-Tic-Phe 
Phe-OH; H-Dmt-Tic\P[CH2-NH]Phe-Phe-OH; H-Dmt 
Tic1P[CH2—NH ]Phe-Phe-NH2; H-Tyr-Tic\P[CH2—NCH3] 
Phe-Phe-OH; H-Tyr-Tic-\P[CH2—NH]Hfe-Phe-OH; 
Tyr(NMe)-Tic\P[CH2-NH]Hfe-Phe-OH); H-Tyr-Tic-Phg 
Phe-OH; H-Tyr-Tic-Trp-Phe-OH; H-Tyr-Tic-Trp-Phe-NH2; 
H-Tyr-Tic-His-Phe-OH; H-Tyr-Tic-Z-Nal-Phe-OH; H-Tyr 
Tic-Atc-Phe-OH; H-Tyr-Tic-Phe-Phe(pNO2)-OH; H-Tyr 
Tic-Trp-Phe(pNO2)-OH; H-Tyr-Tic-Phe-Trp-NH2; H-Tyr 
Tic-Phe-Phe-Val-Val-Gly-NH2; H-Tyr-Tic-Phe-Phe-Tyr 
Pro-Ser-NH2; H-Tyr-Tic-Trp-Phe-Tyr-Pro-Ser-NH2; H-Tyr 
Tic-Trp-Phe (pNO2) -Tyr-Pro-Ser-NH2 and H-Tyr-Tic-Phe 
Phe-Leu-Nle-Asp-NH2. 
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[0154] Abbreviations in the aforementioned peptides of 
US. Pat. No. 5,602,099 may be interpreted as folloWs: 
Aib=ot-aminoisobutyric acid; Atc=2-aminotetralin-2-car 
boxylic acid ; Boc=tert-butoxycarbonyl; Cpm=cyclopropy 
lmethyl; DCC=dicyclohexyl-carbodiimide; DI EA=diiso 
propylethylamine; Dmt=2,6-dimethyltyrosine; Et=ethyl; 
Hex=hexyl; Hfe=homophenylalanine; HOBt=1-hydroxy 
benZotriaZole; MVD=mouse vas deferens; 1-Nal=3-(1 
-naphthyl)alanine; 2-Nal=3-(2‘-naphthyl)alanine; 
Phe(pNO2)=4-nitrophenylalanine; Phg=phenylglycine; Tic= 
1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid; TIP=H 
Tyr-Tic-Phe-OH; TIP-NH2=H-Tyr-Tic-Phe-NH2; TIP(\P)= 
H-Tyr-Tic\P[CH2-NH]Phe-OH; TIPP=H-Tyr-Tic-Phe-Phe 
OH; TIPP-NH2=H -Tyr-Tic-Phe-Phe-NH2; TIPP(1P)=H 
Tyr-Tic\P[CH2-NH]Phe-Phe-OH; Tyr(3-Br)=3 
bromotyrosine; Tyr(3-Cl)=3-chlorotyrosine; Tyr(3-F)=3 
?uorotyrosine; and Tyr(Na Me)=Na -methyltyrosine. 
[0155] In another aspect, the peptides are as described in 
US. Pat. No. 5,545,719, Which is incorporated herein by 
reference. 

[0156] Other exemplary peptides include, for example, 
ACTH-related peptides for inducing neural regeneration, 
cyclosporin for treating infection, enkephalin analogs for 
treating pain and drug addiction, MIF-1 for treating depres 
sion, neurotensin for relieving pain, and peptide T for 
treating AIDS-associated dementia. Adrenocorticotropic 
hormone (ACTH) and its analogue peptides are also knoWn 
to restore the avoidance learning caused by removal of the 
pituitary gland and can also be used to treat passive avoid 
ance conditions. 

[0157] Particularly preferred peptides are the endogenous 
and synthetic Opioid peptides such as the enkephalins. A 
particularly preferred Opioid is [Met5]Enkephalin (Tyr-Gly 
Gly-Phe-Met). 
[0158] Peptides according to the present invention may be 
synthesiZed according to any method of sysnthesis knoWn in 
the art. Such methods include, but are not limited to chemi 
cal synthesis techniques and recombinant DNA expression 
techniques. 
[0159] The therapeutic compounds of the present inven 
tion can be modi?ed in order to facilitate coupling to the 
amphiphilic oligomer. A functional group may be added to 
the C-terminus or the N-terminus of the peptide or to a side 
chain of the peptide in order to provide a point of attachment 
for the oligomer. 

[0160] Alternatively, speci?c amino acids may be inserted 
Within the amino acid chain of the peptide therapeutic, or 
may replace an amino acid of the therapeutic or may be 
added to the C-terminus or N-terminus of the peptide in 
order to facilitate attachment of the oligomer Where such 
modi?cation does not eliminate the activity of the peptide. 
For example, a proline or alanine residue can be added to the 
N-terminus of a therapeutic peptide, such as an enkephalin, 
such as [met5]enkephalin, in order to facilitate attachment of 
the amphiphilic oligomer. 

[0161] One skilled in the art Would knoW that one or more 
amino acids Within the exempli?ed peptides could be modi 
?ed or substituted, as for example, by a conservative amino 
acid substitution of one or more of the speci?c amino acids 
shoWn in the exempli?ed peptides. A conservative amino 
acid substitution change can include, for example, the sub 


















