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Field of the Invention 

METHODS AND COMPOSmONS FOR LIPIDIZATION 

OF HYDROPHILIC MOLECULES 

PCTIUS97/17282 

The present invention relates generally to the fields of biology and medicine. More 

particularly. the present invention is directed to methods and compositions useful in increasing in 

mammals the absorption and retention of hydrophilic molecules, in particular peptides and proteins. 

Background of the Invention 

Advances in biotechnology have made possible the production of large amounts of 

therapeutically active and pure proteins and peptides. Currently, the therapeutic effects of most of 

these agents can be achieved only when they are administered via invasive routes, such as by 

injection. Since most proteins have very short half Jives, effective concentrations of these agents can 

be maintained only when administered by frequent injections. 

Although the administration of proteins by injection Is the most effective means of their delivery 

in vivo, patient tolerance of multiple injections is very poor. In addition, drug injection requires training 

and skill that may not always be transferable to patients. In cases where protein drugs have a life­

saving role, the administration by injection can be accepted by the patients. However, in cases where 

protein drugs are just one of several possible therapies. injections of proteins and peptides are unlikely 

to be accepted by the patients. Therefore, alternative routes of protein and peptide delivery need to 

be developed. 

Such alternative routes may include the buccal, nasal, oral, pulmonary, rectal and ocular 

routes. Without exception, these routes are less effective Utan the parenteral routes of administration, 

but are still far more attractive than the parenteral routes because they offer convenience and control 

to the patients. The oral route is particularly attractive because it is the most convenient and patient­

compliant. 

Mucosal barriers. which separate the inside of the body from the outside (e.g. GI, ocular, 

pulmonary, rectal and nasal mucosa), comprise a layer of tightly joined cell monolayers which strictly 

regulate the transport of molecules. Individual cells in barriers are joined by tight junctions which 

regulate entry into the intercellular space. Hence, the mucosa is at the first level a physical barrier, 

transport through which depends on either the transcellular or the paracellular pathways [Lee, V.H.L., 

CRC. Critical Rev. Ther. Drug Delivery Sys., 5:69-97 (1988)). 
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Paracellutar transport through water filled tight junctions is restricted to small molecules {MW< 

1kDa) and is essentiaJJy a diffusion process driven by a concentration gradient across.the mucosa 

(Lee, (1988), supra; Artursson, P., and Magnusson, C., J. Pharm~ Sci., 79:595-800 (1990)). The tight 

junctions comprise less than 0.5% of the total surface area of the mucosa [Gonzalez-Mariscal, L.M. et 

a~ .. J. Membrane. Biol., 86:113-125 (1985); Vetvicka, V., and Lubor, F., CRC Critical Rev. Ther. Drug 

Dsliv. Sys., 5:141-170 (1988))~ therefore, they ptay onty a minor role in the transport of protein drugs 

across the mucosa. 

The transceJJular transport of small drugs occurs efficiently provided the physiochemical 

properties of the drug are suited to transport across hydrophobic ceH barriers. However, the 

transcellular transport of proteins and peptides is restricted to the process of transcytosls (Shen, w.c., 
et al., Adv. Drug Delivery Rev., 8:93-113 (1992)). Transcytosis is a complex process in which proteins 

and peptides are taken up into vesicles from one side of a cell, and are subsequently shuttled through 

the cell to the other side of the cell, where they are discharged from the endocytic vesicles [Mostov, 

K.E., and Semister, N.E., Cell, 43:389-390 (1985)]. The cell membrane of mucosal barriers is a 

hydrophobic lipid bilayer which has no affinity for hydrophilic, charged macromolecules like proteins 

and peptides. In addition, mucosal cells may secrete mucin which can act as a barrier to the transport 

of many macromolecules (Edwards, P., British Med. Bull., 34:55-56 (1978)]. Therefore, unless specific 

transport mechanisms exist for protein and peptide, their inherent transport across mucosat barriers is 

almost negligible. 

tn addition to providing a tight physical barrier to the transport of proteins and peptides, 

mucosa! barriers possess enzymes which can degrade proteins and peptides before, after, and during 

their passage across the mucosa. This barrier is referred to as the enzymatic barrier. The enzymatic 

barrier consists of endo- and exopeptidase enzymes which cteave proteins and peptides at their 

terminals or within their structure. Enzymatic activity of several mucosa have been studied and the 

results demonstrated that substantial protease activity exists in the homogenates of buccal, nasal, 

rectal and vaginal mucosa of albino rabbits and that these activities are comparable to those present 

in the ilium [Lee, et al., (1988), supra}. Therefore, regardless of the mucosa being considered, the 

enzymatic barrier present wiH feature strongly in the degradation of the protein and peptide molecules. 

The N and the C termini of peptides are charged and the presence of charged side chains 

imparts highly hydrophilic characteristics on these macromolecules. In addition, the presence of 

charged side chains means that proteins and peptides have strong hydrogen bonding capacities; this 

H-bonding capacity has been demonstrated to play a major role in inhibiting the transport of even 

small peptides across cell membranes (Conradi, R.A., eta/., Pharm. Res., 8:1453-1460 (1991)). 

Therefore, the size and the hydrophilic nature of proteins and peptides combine to severely restrict 

their transport across mucosal barriers. 

One approach that has been used to alter the physical nature of the mucosat barriers is the 

use of penetration enhancers. The use of penetration enhancers is based on the disruption of the cell 

barriers by low molecular weight agents which can fluidize cell membranes (Kaji, H., et al., Ufe Sci., 
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37:523-530 (1985)], open tight junctions (Inagaki, M., et al .• Rhinology, 23:213-221 (1985)); and create 

pores in the cefl membrane (Gordon, S., et al., Proc. Natl. Acad. Sci. USA, 82:741e.7423 (1985); Lee, 

V.H.L., et al., Critical Reviews in Therapeutic Drug Carrier Systems, CRC Press, 8:91-192 (1991)). 

The use of these agents leads to a non-specific loss of barrier Integrity and can lead to the abSorption 

of a variety of large molecules which can be toxic to cells in vivo . 

Protease inhibitors have been co-administered with proteins and peptides and have shown 

some limited activity in enhancing the absorption of these macromolecules in vivo [Kidron, M., et al., 

Life Sci., 31:2837-2841 (1982); Takaroi, K, et al., Biochem. Biophys. Res. Comm., 137:682-887 · 

(1986)]. The safety and the long tenn effects of this approach have yet to be thoroughfy Investigated. 

The prodrug approach is based on the modifications of peptides in a manner that will protect 

them from enzyme degradation and recognition. This has been achieved by substitution of the D­

forms of amino acids in the structure of peptides, the blockage of vulnerable groups on peptides by 

amidation and acytation, the inversion of the chiralily of peptides, and the introduction of 

conformational constraints in the peptide structure. The synthesis of prodrugs is only applicable to 

small peptides which have easily identifiable domains of activity. 

Reduction in size is another feasible approach to increasing the transport potential of proteins. 

However, the active sites of proteins need to be mapped before size reduction can be attempted. In 

general, this approach is difficult to apply to the majority of proteins. 

Carrier ligands, by virtue of their properties, can alter the cell uptake ·and transport 

characteristics of proteins and peptides. The essence of this approach Is that a cell-impermeant 

protein or peptide is covalently attached to a carrier which is highly transported into cells. The 

mechanisms through which carrier ligands become endocytosed and transcytosed are important in 

deciding the suitability of the carrier for enhancing the transport of proteins and peptides. 

Macromolecular carriers are hydrophilic and do not partition into the membrane. Therefore, the 

transport of large polymeric carriers into the cells is mediated by the affinity of the Carrier for the cell 

membrane. Generally, the uptake of a macromolecular conjugate starts with the binding to the cell 

membrane. The binding of the carrier to the cells can be specific (e.g. binding of antibodies to cell 

surface antigens), nonspecific (binding of cationic ligands or lectins to cell surface sugars), or receptor 

mediated (binding of transferrin or insulin to their receptors). Once the carrier is bi>und to the cell 

surface, it is taken up into vesicles. These vesicles then become processed stepwise and can be 

routed to several pathways. One pathway is the recycling of the vesicle back to the membrane from 

which it was invaginated. Another pathway, which Is destructiVe to the conjugate. is the fusion with 

lysosomes. An alternative pathway, and one which leads to the transcytosis of the conjugate, is the 

fusion of the vesicle with the membrane opposite to the side from which it was derived. 

The correct balance between the processes of endocytosis and transcytosis determine the 

delive·ry of a protein conjugate to its target For instance, endocytosis may determine the extent to 

which a conjugate is taken up by the target cell, but transcytosis determines whether or not a 

conjugate reaches its target [Shen, et al., (1992), supra]. For successful absorption through the GI-
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tract, a conjugate must bind the apical membrane of the GI-mucosa, become internalized into the 

mucosat cells, be delivered across the cells, and_ finally become released from the basolateral . 

.. membrane .. 
'. . . . . . . . . . 

The currentliterature contains many reports which demonstrate that nonspedfic carriers, such 

as.polylysines[Shen, W.C. and Ryser, H.J.P., Proc. Natl. Acad. Sci. USA, 78:7589-7593 (1981)) and 

l~s (Broadwell, R.D., etal., Proc. Natl. Acad. Sci. USA, 85:632-646 (1988)), and .specific earriers, 

such as transferrin [Wan, J., et al., J. Biol Chem., 267:13446-13450 (1992)), aslatoglycoprotein [Seth, 

R., et al., J. Infect. Diseases, 168:994-999 (1993)), and antibodies (\litetta, E.S .. J. Clln. lmmunol., 

10:15S-18S (1990)) can enhance the endocytosls of proteins into cells. Reports dealing with 

transcytotic carriers for proteins are fewer, and very few studies have quantitated .the transport of 

protein conjugates across ceU barriers. Wheat germ agglutinin [Broadwell, et al., (.1988), supra) and 

an anti-transfenin/methotrexate conjugate [Friden, P.M. and Walus, L.R., Adv. Exp. Med. Biol., 

331:129-136 (1993)) have been shown to be transcytosed across the blood brain barrier in vivo. ~so. 

polylysine conjugates of horseradish peroxidase (HRP) and a transferrin conjugate of HRP have been 

shown to be transcytosed across cell monolayers in vitro (Wan, J. and Shen, W.C., Pharm. Res., S:S-5 

(1991); Taub, M.E. and Shen, W.C., J. cen. Physiol., 150:283-290 (1992); wan, J., et al., J. Biol. 

Chem., 267:13446-13450 (1992), supra). 

Fatty acids, as constituents of phospholipids, make up the bulk of cell membranes. They are 

available commercially and are relatively cheap. Due to their lipidic nature. fatty acids can easily 

partition into and interact with the cell membrane in a non·toxic way. Therefore, fatty acids represent 

potentially the most useful carrier ligands for the delivery of proteins and peptides. Strategies that may 

· · .. ue fatty acids in ·the delivery of proteins and peptides Include the covalent modification of proteins and 

~ptides and the use of t.!ltty acid emulsions. 

Some studies have reported the successful use of fatty acid emulsions to deliver peptide and 

proteins in vivo [Yoshikawa, H., et al., Pharm. Res., 2:249-251 (1985); Fix, J.A., et al., Am. J. Physiol., 

251:G332-G340 (1986)]. The mechanism through which fatty acid emulsions may promote the 

absorption of proteins and peptides is not yet known. Fatty acid emulsions may open tight junctions, 

solubilize membranes, disguise the proteins and peptides from the Gl environment, and carry proteins 

and peptides across the GI-mucosa as part of their absorption [Smith, P., et at •• Adv. Drug Delivery 

Rev., 8:253-290 (1992)]. The latter mechanism has been proposed, but is inconsistent with current 

knowledge about the mechanism of fat absorption. 

A more logical strategy to deliver proteins and peptides across the GI-epithelium is to make 

use of fatty acids as non-specific membrane adsorbing agents. Several studies have shown that a 

non-specific membrane binding agent linked to a protein can promote the transcytosis of a protein 

conjugate across cells in vitro {Wan. J., et al .• J. Cell. Physiol., 145:~15 (1990); Taub and Shen 

(1992), supra]. Fatty acid conjugation has also been demonstrated to improve the uptake of 

macromolecules into and across cell membranes (Letsinger, R., et al., Proc. Natl. Acad. Sci. USA, 

86:6553-6556 (1989); Kabanov. A., eta/., Protein Eng., 3:39-42 (1989)). Nonetheless, there have 
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been diffiCulties in conjugating fatty acids to peptides and proteins, including: (1) the lack of solubility of 
fatly acids in the aqueous solution for the conjugation reaction: (2) the loss of biological activity of . 
peptides and proteins after fatty acid acylation; and (3) the lack of solubilitty of fatty acid-conjugated. 
peptides in aqueous solutions [see. e.g., Hashimoto, M., et al., Pharm. Res., 6:171-176 (1989); 

Martins, M.B.F., et al., Blochimie, 72:671-675 (1990); Muranishi, s., et al., Pharm. Res., 8:649-652 
(1991); Robert, S., etal., Biochem. Biophys. Res. Commun., 196:447-454 (1993)). 

It is an .object of the present invention to provide methods and compositions for use in 
conjugating fatty acids to hydrophilic molecules and in improving the bioavailability of peptides and 
proteins. 

Summarv of the Invention 

In accordance with the present invention, fatty acid derivatives of sulfhydryl- or disulfide­
containing compounds (for example, peptides, proteins or oligonucleotides which contain or are 
modified to contain sulfhydryl groups) comprising fatty acid-conjugated products with disulfide 
linkage(s) are employed for delivery of the sulfhdryl- or disulfide-containing compounds io mammalian 
cells. This modification markedly increases the absorption of the compounds by mammalian cells 
relative to the rate of absorption of the unconjugated compounds, as well as prolonging blood and 
tissue retention of the compounds. Moreover, the disulfide linkage in the conjugate is quite labile in 
the cells or in vivo and thus facilitates intracellular or extracellular release of the intact compounds 
from the fatty acid moieties. Reagents and methods for preparation of the fatty acid derivatives are 
also provided. 

Brief Description of the Drawings 

The invention may be better understood with reference to the accompanying drawings, in 
which: 

Fig. 1 is a bar graph illustrating the uptake of BBi, BBlssPal and BBlssOleic in Caco-2 cells; 
Figs. 2A-2D are graphs which illustrate the biodistribution of BBi and BBlssPal in blood, 

kidneys, lungs and liver of CF-1 mice following iv-administration: 

Figs. 3A-30 are graphs which illustrate the biodistribution of BBi and BBlssOleic in blood, 
kidneys, lungs and liver of CF-1 mice following iv-administration; 

Figs. 4A-4C are bar graphs which illustrate the biodistribution of BBi and BBlssPal in CF-1 
mice following ip-administration; 

Figs. 5A and 58 are a graph and bar graph, respectively, which illustrate the transcytosis and 
accumulation of BBi, BBlssPal(2) and BBlssPal(4) across and into Caco-2 cells; and 

Fig. 6 is a graph which illustrates the results of Sephadex® G50 gel filtration analysis of basal 
medium from Caco-2 cells containing transcytosed BBi, BBlssPal(2) and BBlssPal(4}. 
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Figs. 7 A and 78 are graphs which present the effects of subcutaneously administered DP and 

DP-P on rats with diabetes insipidus, at a dose of 3.3 µg/kg: (7 A) illustrates the urine output, (78) 

illustrates the water intake. 

Fig. 8 is a graph which compares the efficacies of DP and DP-P as a single subcutaneous 

injection for the treatment of rats with diabetes insipidus at different doses. 

Fig. 9 is a graph which compares the strucrture-activity relationship of desmopressln-fatty acid 

conjugates in relation to the Chain length of the fatty acid. at a dose of 0.5 µglkg subcutaneous 

Injection. "C-6" denotes caproic acid; "C-10" denotes capric acid; "C-16" denotes palmitic acid; and 

"C-18" denotes stearicacid. 

Fig. 10 is a graph which Illustrates ptasma desmopressin profiles following intravenous 

administration of desmopressin (DP) or its palmitiC acid conjugate (DP-P) in mice. 

Figs. 11A and 118 are graphs which illustrate the pJasma calcitonin and calcium levels 

following subcutaneous administration of calcitonin (CT) or its palmitic acid conjugate (CT-P) in mice, 

at a dose of 100 µg/kg, (11A) illustrates the CT-P treatment; (118) illustrates the-CT treatment. 

-Detailed Description of the Invention 

Pursuant to the present invention, a sulfhydryl-containing compound (for example, 'a 

biopolymer as hereinafter defined) is attached to a fatty acid derivative via a reversible, biodegradable 

disulfide bond._ Such a conjugate would be expected to bind to the apical side of a cell membrane, 

reach the basotateral membrane of the GI-epithelium as a result of membrane transport and turnover, 

and may become released into interstitial fluid as the result of disulfide bond reduction·. 

Pursuant to one aspect of the present invention, there are provided conjugates of the general 

fOrmulaVJ 

COR3 

I 
P-S-S-CHrC-NHC(=O)R2 VI 

- \ 
R1 

in which P is a residue derived from a sulfhydryl-containing compound; R' is hydrogen, lower alkyl or 

aryl; R2 is a hydrophobic substituent (as hereinafter defined); and R3 is hydroxy, a hyrdophobic 

substituent or an amino acid chain comprising one or 2 amino acids and terminating in -C02H or 

-COR2
• These conjugates are particularly useful for increasing.the absorption and prolonging btood 

and tissue retention of the sulfhydryl-containing compound PSH. 

Pursuant to another aspect of the present invention, methods fOr increasing the absorption or 

prolonging blood and tissue retention in a mammal of a sulfhydryl-containing compound of the general 

formula PSH are provided, in which a conjugate of general fOrmula VI Is formed from the sulfhydryl-
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containing compound and the conjugate is then administered to the mammal (for example, as part of a 

pharmaceutical composition, e.g. in an aqueous solution or an oral dosage unit) wherein the conjugate 

is administered in an amount effective to acheive its intended purpose. 

Pursuant to yet another aspect of the present invention, there are provided compounds of the 

general formula V 

A- S - S - CH2 -CR1(NHCOR2)C(=O}R3 V 

in which A is an aromatic activating residue (as hereinafter defined) and R 1, R2 and R3 are as 

previously defined. The compounds of general formula V are particularly useful in preparation of 

conjugates of general formula VI from sulfhydryl-containing compounds of general formula PSH. 

Pursuant to still another aspect of the present jnvention, there are provided methods for 

forming conjugates of general formula VJ from sulfhydryl-containing compounds of general formula 

PSH, which comprises reacting a compound of general formula PSH with a compound of general 

formula V. The reaction is typically carried out with an excess (e.g., a two-fold to a tenfold excess) of 

the compound of general formula V for a period of time of about 1 hour to about 24 hours at a 

temperature of about 4 °C to about 37°C in a suitable aqueous buffer solution (e.g., phosphate, 

bicarbonate or borate buffers). Preferably, the reaction is carried out in bicarbonate buffer, pH 8. 

Pursuant to another aspect of the present invention, there are provided compounds of the 

general formula Ill 

1 3' 
A - S • S - CH2 - CR (NH2)C(=O)R Ill 

in which R3
' is hydroxy or an amino acid chain comprising one or two amino acids and terminating in 

-C02H and A and R 1 are as previously defined. The compounds of general formula Ill are useful in 

preparing the compounds of general formula V. The compounds of general formula Ill are suitably 

prepared by reacting a compound of general formula II 

n 

with a compound of general formula A - S - S - A or A - S - S -A', in which A' is different from A and is 

an aromatic activating residue. These reactants are either commercially available [e.g., 2,2'­

dithiopyridine and 5,5'-dithiobis (2-nitrobenzoic acid)]or may be prepared by routine synthetic 

procedures weU known to those skilled in the art. 

Pursuant to still another aspect of the present invention, there are provided methods for 

preparation of compounds of general formula V in which R2 is a hydrophobic substituent, wherein a 

compound of g~eral formula Ill is reacted with an activated lipid group of general formula X - 0 2C - B 

or X - OC - B, in which Xis a lipid-activating group (as hereinafter defined) and B is part of a lipid 
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-group (as hereinafter defined). Compounds of general fonnula X - OiC - B or X - OC - B may be 

readily prepared in a rnan11er kn_own per se. 

For preparation of.a compound of general formula Ill, in an exemplary procedure generally 

equal molar- quantities of a compound.of general formula II and a compound of formula A- S - S - A or 

A - S - S - A' may suitably be mixed In a polar organic solvent (e.g., ethanol). The product of general 

formula Ill may then suitably. be isolated· by crystallization from a nonpolar organic solvent (e.g., 

benzene). Of course, other su~ble procedures would also be evident to those working in the field. 

For preparation of X ..: 0 2C - B or X - OC - B, a fatty acid may for example be reacted with: (a) 

N-hydroxysuccinimide and a carbodiimlde reagent to form an H-hydroxysuccinimidyt actiYe ester; (b) 

trifluoroacetic anhydride to form a fatty acid anhydride; or (c) thionyl chloride to forin a fatty acid 

.chloride. Altemative procedures may also suitably be employed to introduce these or other-lipid.;. 

activating groups. 

For purposes of the present invention, the terms •ihydrophobic substituenf' and "lipid­

containing moiety" refers to either a lipid group per se or a hydrocarbon-based group (in particular, 0ne 

or more amino acids) comprising a lipid group. Such hydrophobic substituents may comprise about4 

to about 26 carbon atoms, preferably about 5 to about 19 carbon atoms. Suitable hydrophobic groups . 

together with the carbonyl to which they are attached in the fonnulae il1Clude, but are not limited to, -

fatty acid residues including myristyl (C13H27), patmltyl (C15H31 )1 oleyl (C1sH29), stearyl (C11H35). and 

elaidyl (C17H33), as well as residues of steriods having carboxy groups including cholate, deoxycholate, 

17-carboxyequilenin and 17-carboxyestrone. 

By "aromatic activating residue" is meant a moiety which serves to make the disulfide group of 

the compounds of. general formula V more labile to the displacement reaction with the sulthydryl- · 

containing compounds of general formula PSH (and thus, serves as a good leaving group). A 

presently_ preferred aromatic activating group is 2-pyridyl; other suitable aromatic activating groups 

include 4-nitrophenyl. 

The term "lipid-activating group" refers for purposes of the present invention to a moiety which 

renders a carboxylipid group to which it is attached reactive with a compound of general formula Ill. A 

presently preferred Upid-activating group is N-hydroxysuccinimidyl ester, other suitable lipid-activating 

groups include acid chloride and acid anhydride. 

While the present invention contemplates the preparation and_ use of conjugates of general -

formula VI comprising a wide range of compounds containing sulfhydryl groups, it is particularly 

advantageous to employ the methods and compositions of the present invention for preparation of 

conjugates comprising biopolymers. Biopolymers of interest include peptides, proteins, and 

oligonucleotides (as hereinafter defined). As would be readily apparent to those working in the field~ 

biopolymers or thiolated biopolymers containing sulthydryl groups may comprise a plurality of moieties 

corresponding in structure to the conjugates of general formula VI (i.e., groups having the structure of 

the compounds of general formula VI minus the moiety P). 
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For purposes of the present Invention, the term "peptide" refers to amino acid chains 

comprising two to 50 amino ~cids and the term "protein" to amin~, a(:fd chains comprising more than 50 

amino acids. The proteins and peptides may .be isolated from n~t~;._I sources or prepared by means 

well known in the art, such as recombinant DNA technology or solid-state synthesis. It is 

contemplated that the peptides and proteins used in accordance with the present invention may 

comprise only naturally-occurring L-amino acids, combinations of L-amino acids and other amino acids 

(including D-amino acids and modified amino acfds), or only amino acids other than L-amino acids. In 

order to form a conjugate of generat formula I, the peptide or protein must bear at least one reactive 

thiol group. In many cases, the peptide or protein contains cysteine residues (an amino acid 

comprising a thiol group). A peptide or protein which does not contain a thiof group may be modified 

by procedures well known per se to those working in the field; in particular, well known thiolating 

agents [e.g., N-succinimk:lyl-3-(2-pyrldyldithfo)propionate (SPDP) and 2-iminothiolane {Traurs 

reagent)} may be routinely employe<J for this purpose. 

The term "oligonucleotide" refers to chains comprising two or more naturally-occurring or 

modified nucleic acids, for example naturally-occurring or recombinant deoxyribonucleic acids (ONA) 

and ribonucleic acid {RNA) sequences. For formation of a conjugate in accordance with the present 

invention, the oligonucleotide must be modified by thiolating reactions so as to contain a sulthydryl 

group for linking with the lipid-containing moiety. Such modifications may be routinely carried out in a 

manner known per se. For example, an oligonucleotide may be coupled to cystamine using· 

carbodiimide and subsequently reduced by dithiothreltol to generate a free sulfhydryl group. Such 

oligonucleotide conjugates can be used to deliver therapeutically effective oligonucleotides in vivo or 

ex vivo, that is, the conjugate is contacted with the cells in vitro to effect transfection. The cells may 

then be administered to an animal to acheive the therapeutic purpose. Alternatively, the oligonuclotide 

conjugates may be used to enhance transfection of mammalian cells in vitro for production in vitro of 

valuable recombinant proteins. 

Preferred oligonucleotides are antisense oligonucleotides. Antisense oligonucleotides are 

DNA or RNA molecules or derivatives of a DNA or RNA molecules containing a nucleotide sequence 

which is complementary to that of a specific mRNA. An antisense oligonucleotide binds to the 

complementary sequence in a specific mRNA and inhibits translation of the mRNA. There are many 

known antisense oligonucleotides and derivatives thereof. See, for example, U.S. Patent Nos. 

5,602,240, 5,596,091, 5,506,212, 5,521,302, 5,541,307, 5,510,476, 5,514,787, 5,543,507, 5,512,438, 

5,510,239, 5,514,Sn, 5,519,134, 5,554,746, 5,276,019, 5,286,717, 5,264,423, as well as 

W096/35706, W096/32474, W096129-337 (thiono triester modified antlsense oligodeoxynucleotide 

phosphorothioates), W094/17093 (oligonucleotide alkylphosphonates and alkylphosphothioates), 

W094/08004 (oligonucleotide phosphothioates, methyl phosphates, phosphoramidates, dithioates, 

bridged phosphorothioates, bridge phosphoramidates, sulfones, sulfates, ketos. phosphate esters and 

phosphorobutylamines (van der Krol et al., Biotech. 6:958-976 (1988); Uhlmann et al., Chem. Rev. 

90:542-585 (1990)), W094/02499 (oligonucleotide alkylphosphonothloates and 
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arylphosphonothioates), and W092/20697 (3'-end capped oligonucleotides). Preferred antisense 

oligonuCleotides include derivatives such as S-oligonucleotides (phosphorothioate derivatives or g;.. 

oligos,' see, Jack Cohen, ·Oligodeoxynudeotides, · Antisense Inhibitors of Gene EXpresslon, CRC Press 

(1989)): S-OJigos (riuclaide phosphorothioates) are isoelectronic analc)gs of an oftgonucleotide co.. 
oligo) in which a nonbridging oxygen atom of the phosphate gr0up is replaced by a sulfur atom. The 

S-Oligos may be prepared by treatment of the corresponding O-oilgos with 3H-1 ;2-benzodithlol-3-one-

1, 1-dioxide which is a sulfur transfer reagent. See Iyer et al., J. Org. Chem. 55:4693-4698 (1990); and 

Iyer et al., J. Am. Chem. Soc. 112:1253-1254 (1990); 

In one preferred class of compounds ofgeneral formula VI, R' is hydrogen, R2 is a 

hydrophobic substituent or lipid moiety and R3 is -OH. This type of conjugate is suitably derived from 

cysteine. In another preferred class of conjugate in accordance wJth the present invention, R 1 is 

hydrogen, R2 is -CH2CH2CH(NH2)C02H or -CH2CH2CH(NHCO-lipid)CO-lipld and R3 is -NHCH2C02H 

or -NHCti2CO-lipid in· which at least one of R2 and R3 together with the attached carbonyl is a lipid 

residue. This type of c0njiJgate is suitably derived from glutathione. 

The synthesis of an exemplary compound of general formula VI (in which P is a protein) is 

illustrated in Scheme I. Of cou..Se, as would be readily appreciated by those skilled in the·art, a variety 

of alternative synthetic schemes could also readily be developed. 

Scheme I 

A) HS-CHr'.'"'p«-NH2 + ON' s-sDN J - Os-s-CH1·CH--NHz 
COOH N tOOH 

(11) (Ill) 

8) (III) + ~~o-t<CH.>..c~ 
0 

(IV) (V) 

C) (V) + (protei~SH __.... 
COOH tl 

(protein}- SS-CHz-d-NH- C-(CHJ)14CH3 

(VI) 
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Another aspect of the invention presents fatty acid conjugates, represented by general formula 

(X). as shown below: 

COR3 
1· 

--s-s-CH2-C-NHC (=O)R2 

k1 

COR6 
I 

+---S-S-CHr-C-NHC (=O)R5 
I 
Rt 

n 

in which P1 is a residue derived from a disulfidM:Ontaining compound which optionally may comprise 

a disulfide group linked to a hydrophobic group. Non-limiting examples of P1 are peptides and 

proteins, or derivatives of compound (N). containing disulfide bonds, described further below. P and 

(N) are preferably drugs. Conjugate (X) is preferably an organic compound. n is an integer between 1 

and 20. preferably no greater than 10, and more preferabaly no greater than 5. R1
, R2 and R3 are as 

previously defined for Formula VI. R4 is hydrogen, lower alkyl or aryl; Rs is a hydrophobic substituent 

(as previously d!!fined); and R6 is hydroxy, a hydrophobic substituent or an amino acid chain 

comprising one or two amino acids and terminating in -C02H or -COR2
• R 1 can be the same or 

different from R4
• R2 can be the same or different from Rs. R3 can be the same or different from R6

. 

R2 and R5 together with the attached carbonyl are each preferably (1) a lipid-containing moiety 

comprising a lipid group; or (2) a lipid-containing moiety comprising a lipid group with an amino acid 

chain comprising one or two amino acids and terminating in -C02H. R3 and R6 are each preferably (1) 

an hydroxy group; (2) a hydrophilic group; or (3) an amino acid. A non-limiting example of R3 and R6 

is glycine. Non-limiting examples ·of R2 and R5 are glutamic acid derivative, fatty acids and steroids 

such as deoxycholate and cholate. 

The invention disclosed herein can be applied to many biologically-active agents including, but 

not limited to, sulfhydryl- or disulfide-containing proteins and peptides. Generally, these agents are 

poorly transported across biological barriers. rapidly eliminated from plasma, and susceptable to 

chemical and proteolytic degradation; therefore, their therapeutic applications are limited. The 

invention disclosed herein can overcome part or all of these limitations. Examples of sulfhyryl- or 

disulfide-containing proteins and peptides include, but not limited to, insulin [Czech, M.P., Ann. Rev. 

Biochem., 46, 359 (19n)), calcitonin [Brown, E.M., Aurbach, G.D., Vitam. Horrn., 38, 236 (1980)), 

desmopressin [Vavra et al., J. Pharmacol. Exp. Ther., 188, 241(1974)), interferon-alpha, -beta, and 

-gamma [Stiern, E.R., Ann. Inter. Med., 96, 80-93 (1982)], interleukin-2, -3, -4, -6, and -11 (Kluth, D.C., 

Rees, AJ., Semin. Nephrol., 16, 576-82 (1996); Holyoake, T.L., Blood Rev., 10, 189-200 (1996)], G-
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CSF [Spiekerrnann. K et al., Leukemia, 11, 466-78 (1997)), GM-CSF [Jonuteit. H. etal., Arch. 

· Oerrnatol. Res., 289, 1-8 (1996)); human growth hOrmone [Strobl, J.S •• Thomas, M.J., Pharmc0I. Rev., 

. 46, 1-34 (1994)), erythrepoietin [Spivak, J.L., Semin. Hematol., 30, 2-11.(1993)), vasopressin 

. [Schroder, E., Lubke, K, The.Peptide; 2;'336-350 (1966)}, octreottde [Sheppard, M.C., Stewart, P.M., 

Metabolism: Clinical and Experimental, 45, 63-64 (1996)), aprotinin (Habertand, G., McConn, R., Fed. 

Proc., 38, 2760-2767 (1979)], oxytocin [Nachtmann, F. etal., Anal. Prof. Drug Subst., 10, 563-600· 

(Florey, K. Ed., Academic Press, New York, 1981)), beta-TGF [Moses, H.L., Serra, R., Curr. Opin. 

Genet Dev., 6, 581-6 (1996)), BDNF [Apfel, S.C., Kessler, J.A, Bafflleres. CJin. NeuroL, 4, 593-606 

(1995)), bFGF (Bikfalvi, A et al., Endocr. Rev., 18, 26-45 (1997)), PDGF [Hughes, AD. et al., Gen; · 

Pharmacol., 27, 1079-89 (1996)), TNF (Majno, P.E. et al., Swiss. Surg., 4, 182-5 (1995)), atrial 

natriuretic peptide [Nakao, K., Curr. Opin. Nephrol. Hypertens., 2, 45-50 (1993)], relaxin (Schwabe, C. 

et al., Recent Progr. Honn. Res., 34, 123-211 (1978)), amylin (Rink, T.J. et al., Trends. Pharrnacol. 

Sci., 14, 113-8 (1993)], deoxyribonuclease (Laskowski, The Enzymes, 2, 289-311 (Boyer, P.D~. Ed.,·· 

Acedamic Press, New York, 1971)) EGF (Carpenter, G., Curr. Opin. Cell. Biol., 5, 261-4 (1993)), 

hirudin [MarkWardt, Methods Enzymol., 19, 924 (1970)], neocarzinostatin [Dedon, P.C., Goldberg, 

tH., Chem. Res. Toxicol., 311-32 (1992)), hemoregulatoiy peptide [Paukovits, W.R. et al., Cancer 

Treat. Rev., 17, 347-54 (1990)) and 5omatostatin [Moss, R.L., Ann. Rev. Phsiol., 41, 617 (1979)). 

A non-limiting example of conjugate (X) is 

CO-Gly 
I 

P- -s-s-c~-C-NHC (=O) -Glu-Llpld 
I 
H 

n1 

In the above formula, "Gly" denotes glycine, and "Glu" denotes glutamic acid. "n 1" is an even integer, 

preferably no greater than 10. 

The preferred conjugate (X) has the following formula (wherein R1=R"'. R2=R5 and R3=R6
): 

P-

COR3 
I 

-S-S-CHz-C-NHC 

. ~ 
(=O)R2 

n1 

If the group P 1 contains a sulfhydryl group, it is possible to link a further hydrophobic group via 

a disulfide bond according to the present invention to give conjugates having an odd number of 

hydrophobic substituents, e.g. where n 1 is an odd number. 

These conjugates are particularly useful for increasing the absorption and prolonging blood 

and tissue retention of the disulfide-containing compounds. 

12 
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Pursuant to another aspect of the present invention, there are provided methods for increasing 

the absorption or prolonging blood and .tissue retention in an animal, such as a mammal of a conjugate 

(X) which is administered to the animal as part of a pharmaceutical composition (for example, in an 

aqueous solution or an oral dosage form). 

Pursuant to still another aspect of the present invention, there are provided methods for 

producing conjugate (X). Conjugate (X) is preferably fanned from a compound containing one or more 

disulfide bonds and, optionally, one or more thiol groups. 

The synthesis of exemplary compounds of general formula (X) is illustrated in Schemes II, Ill, 

· and IV below (using conjugates of formula (0), _ (H), and (M) as examples of conjugate (X), 

respectively). Of course, as would be readily appreciated by those skilled in the art; a variety of 

alternative synthetic schemes could also readily be developed. 

These schemes show the general methods for making di-fatty acid disulfide derivatives of 

general formula (X) from disulfide-containing compounds such as peptides and proteins, or compound 

(N) of Scheme JV which can be R-NH2 or R-OH, wherein R is any organic moiety. Non-limiting 

examples of (N) are proteins. peptides, amino acids, nucleotides, nucteosides, carbohydrates and 

derivatives thereof as well as drugs. Non-limiting examples of (N) as drugs are antibiotics and 

hydrophilic drug molecules, e.g., acyclovir. These methods preferably allow tor reversible modification 

of the di-fatty acid disulfide derivatives, i.e. conjugate (X). from disulfide-containing peptides or 

proteins, or compound (N). 

The methods comprise reacting a disulfide-containing compound such as a peptide, protein, 

or compound (N) modified into a disulfide containing compound (such as compound (L) in Scheme IV), 

with compound of the general Formula V, described previously, i.e. A- S- S- CH2 ~ 

CR1(NHCOR2)C(=O)R3
, to form conjugate (X). For purposes of illustration, the compound of Formula 

Vis exemplified by compound (C) in Schemes II, Ill and IV. Based on the teaching disclosed herein, 

one skilled in the art would know the appropriate compound with the general Fonnula V to produce a 

desired conjugate (X). If the disulfide-containing compound also contains one or more sulfhydryl 

groups, they may also be conjugated to the hydrophobic group thus giving compounds with additional 

hydrophobic groups which may be odd or even depending on the number of sulfhydryl groups. 

Conjugate (X) may be converted to the original disulfide molecules or compound (N) upon 

reaching blood or tissues. These methods and conjugate (X) overcome major limitations on peptide, 

polypetide, protein, and organic compound (N) drug formulations, by improving the in vivo 

permeability, stability. and bioavailabiJity of the peptide, protein, and organic compound (N), which may 

serve as drugs. Compared to unmodified peptide, protein, and organic compound (N), conjugate (X) 

{e.g., fatty acid-peptide conjugates or fatty acid-drug conjugates) have improved in vivo absorption, 

e.g., gastro-intestinaf absorption (e.g., when they are orally administered) and in vivo sustained 

release (e.g., when they are subcutaneously injected). The invention has the foffowing advantages 

over the prior art: {1) the reaction can be carried out in aqueous conditions, {2) the products are 

13 
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generally water soluble, and (3) the product can be converted to the original peptide in the blood or 

ti~sues and thus a pharmacologically active drug can be regenerated. 

For example~ the methods may be used to prepare fatty-disulfide conjugates of cyclic 

disufiid&.eontaining peptide drugs or homrones by using compound of the general Formula V 

(lipldiZing agents). As shown in Scheme II below, a cyclic dfSulfide bond in a peptide or polypeptide 

(A) can be reduced tc) generate two free suHhydryl groups {B). These sulfhydryl groups can react with 

fatty acid-disulfide derivatives such as N-acylcysteine pyridine disulfide (C) to yiefd:a di-fatty acid­

disulfide conjugated peptide or polypeptide derivative of the general formula (0). This derivative (0) 

can have an increased penneabllity to cells and a prolonged retention time in tissues. Preferably, it 

does not have any biological activity. When the derivative (0) is administered into·a patient's body and 

is reduced in vivo, derivative (0) can be converted to the onginal peptide or polypeptide (A). 

~! 
{A) 

Scheme II 

Raduclng , ~SH G COOH +2 S-S--..A,NH 
SH N ~O 

(B) (C} 

+2 QsH 

(0) 

SCHEME II 

Reducing , 

(E) (A) 

The preparation of a di-fatty acid disulfie conjugate (D) from a cyclic disuJfide­
containing peptide (A). (0) can be converted back to the original peptide (A), e.g., via 
the intermediate (E), upon reduction in the blood or tissues. 

Scheme Ill illustrates another embodiment of the above invention: the preparation of fatty acid 

derivatives from disulfide-crosslinked two-ehain polypeptides to produce the conjugate of the general 

formula (H). 

14 
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Scheme Ill 

SCHEME Ill 

s • 
f 

(F). 

CG} 

(C) 

s s 
I 

(G) 

SH 

f H 

PCT/US97/17282 

(H) 

The preparation of a di-fatty acid disulfide conjugate (H) from a two-chain polypeptide 
with a cyclic structure consisting of two or more disulfide bonds (F). Similar to the 
reaction in Scheme JI, (H) can be converted back to the original polypeptide (F) upon 
reduction. 

Yet another method for preparing conjugate (X} is exemplified in Scheme rv which introduces 

the needed disulfide bonds into the starting compound (N) which does not have disulfide bonds or 

rings, or easily accessible disulfide bonds or rings. A cyclodisulfide-containing molecule, e.g., lipoic 

acid (J), is first conjugated to the compound (N} via an ester or an amide bond. After reducing; two 

disulfide fatty acid linkages can be formed (M). The di-fatty acid conjugate can be converted back to 

the original drug molecule (N) after reduction in the blood or tissues, and subsequent hydrolization by 

tissue enzymes. An example of Scheme IV is shown in Examples 20 and 21, belaw. 
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SCHEMEN 

R-NH2 ~s-s 
or + 

R-OH COOH 
Amt de or ester ) 

formation 

Ltpofc ectd 

(N) (J) 

. /s-s" 
R-NH-c~ 
(-0-)11 

Reducing) 

0 
(K) 

R-NH-c4SH 
(-0-)11 

·.· 0 SH 

(L) 

. + (C) 

. R-NH-c A A. As-s-.J:',o 
(-0-)11, v- v- < COOH . 

o s-s...J...NH ~ 
. . 0 

{M) 

Redox in ttssues Am.ideses or 
(K) 

estereses 

16 

) 
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Conjugate (X) is desirable in that it is water soluble, it has lipophilic moiety or moieties which 

make It easier to be absorbed into a cell because it has cleavable linkage(s) which allow(s) for its 

sustained ref ease in vivo. The peptide or polypeptide may have any number of amino acids and cyclic · 

disulfide bonds. Modification of the peptide or protein typically takes place in aqueous solution such 

as PBS, or other buffers known in the art. The fatty acid that may be used generally· have between 4 ·. 

to 26 carbons, and more generally between 5 to 19 carbons. The non-limiting examples of the fatty 

acids are acetic acid (with 2 carbons); caproicacid (with 6 carbons); capric acid (with 10 carbons); 

lauri~ acid (with 12 carbons); myristic acid (with 14 carbons): palmitic acid (with 16 carbons); and 

stearic acid (with 18 carbons) (See Example 11, below). The method of Scheme II is generally useful 

for a peptide or polypeptide having between one to ftve cyclic disulfide bonds. 

The reaction may be carried out at room temperature. At the start of the reaction, the fatty 

acid is generally at an excess in molar concentration over the peptide or polypeptide; generally the 

ratio between the fatty acid and peptide or polypeptide for one cyclodisulfide is 3 to 1. In conjugate 

(X), the fatty acid is generally less than the peptide or polypeptide by weight Thus, the relatively small 

amount of the fatty acid poses less toxic concern, unlike the administration of drug in lipid formulation, 

micelles, or liposomes. 

The reaction is generally carried out in aqueous medium, at pH of preferably between pH 6 to 

8, pH of 7.6 being preferred. The reaction is generally fast, going into completion at about 30 minutes 

or less to produce a stable conjugate (X). Conjugate (X) may be purified using methods known in the 

art for purifying proteins and peptides. The peptide or polypeptide in the conjugate confirmed by 

methods known in the art, such as by chromatography. 

Examples of the peptides or proteins that can be modified according to Scheme II are: 

desmopressin (a nanopeptide with 9 amino acids and one cyclic disulfide ring, see Example 11, 

below); calcitonin (a peptide with 30 amino acids and one cyclic disulfide ring, see Example 17, 

below); octreotide (an octapeptide with one cyclic disulfide ring); oxytocin (a nanopeptide with one 

cyclic disulfide ring); and epidermal growth factor (a single polypeptide chain consisting of 53 amino 
acids with three cyclic disulfide rings). Insulin is an example of a polypeptide that can be modified 

according to Scheme II or Ill. since the insulin polypeptide consists of two chains (A- and B- chains) 

and a total of 51 amino acids with one cyclic disulfide ring in the A-chain (available for modification 

according to Scheme 11) and one ring structure formed by two disulfide bonds (available for 

modification according to Scheme Ill) between the A-chain and 8-chain .. 

In another embodiment of the invention, the fatty acids moiety of conjugate (X) may be 

substituted with other lipids, such as steroids (examples of which are shown in Examples 15 and 16, 

below). Group A in the reagent of general Formula V (i.e., A- S - S - CH2 - CR1(NHCOR2)C(=O)R3)) 

is a good leaving group. A good leaving group is defined as a moiety which serves to make the 

disulfide group of the compound (A) of general formula V more labile to displacement reaction with 

sulfhydryl-containing compounds of general formuJa PSH, and thus serving as a good leaving group. 
Non-limiting examples of good leaving groups are p-nitro-o-carboxyl-thiophenol and thiopyridine. The 
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definition of a leaving group can be found in most organic chemistry textbook$. For example, in page 

241 of Cram and Hammond's Otganic Chemistry, McGraw-Hill Book Co. (2nd ed., 1964), a leaving 

group "L "'is defined as that "the c-t bond is ruptured in such a way that the pair Of eiectrons which 

compose the bond becomes associated with L." Therefore, a moiety in an organic molecule is a good 

leaVing group If it is capabie of withdrawing the pair of electrons by either a high electronegativity or a 

· resonance Stability. 

The fatty acid conjugates of the present invention are soluble in most buffer solutions in which 

proteins and' peptides are soluble. In particular, any free carboxylic acid groups are charged at neutral 

pH and therefore improve the solublUly of the conjugates. This. greaity facilitates the formulation of the 

conjugates with suitable pharmaceutically-acceptable carriers or adjuvants for administration of the 

proteins or peptides to a patient by oral or other routes. 

In the ease where.R1 is not the same as R4
; Rz is not the same as R5

; and R3 is not the same 

·as R6
; conjugate (X) may be made by conjugating a compound of the general formula Vl1 with a 

compound of the general formula Viz to form the compound of general formula (X). General tOrmuiae 

v11 and VJ2 are shoWn belaw: 

COR., 

I 
p2-S-S-CHz-C-NHC(=O)R2 v11 

\ 
R1 

COR6 

I 
P3-S-S-CHz-C-NHC(=O)R5 Vt2 

\ 
R4 

wherein P2 and P3 are residues derived from sulfhydryl-containing compounds, R1
, R2

, R3
, R4

, R5 and 

R6 are as previously described. It will be clear to one skilled in the art that compounds of general 

formulae VI' and Viz are examples of the compound with the general formula VI, described previously. 

Upon conjugation, P2 and P3 become P1
• Preferably, P1

, P2 and P3 are proteins or peptides, thus one 

skilled in the art may perform the synthesis by modifying peptide or protein conjugation methods 

known in the art. 

It is a particular advantage in accordance with the present invention that the· disulfide linkage 

between the fatty acid moiety and the peptide or protein may readily be reduced. Therefore, the active 

peptide or protein molecules are released in intact form inside the target tissues or cells. Furthermore, 
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the fatty acid moiety of the conjugates comprises only amino acids and· lipid molecules which are not 
toXic to mammals, in particular humans. 

The pharmaceutical compositions of the present invention may be administered by any means 
that achieve their intended purpose. For ,xample, administration may be by oral, parenteral, 
subcutaneous, intravenous, intramuscular, intra-peritoneal, transdermal, intrathecal or intracranial 
routes. The dosage administered will be dependent 1Jpon the age, health, and weight of the recipient, 
kind of concurrent treatment, if any, frequency of treabnent, and the nature of the effect desired. 

Compositions within the scope of this invention include all compositions wherein the 
compounds of the invention are contained in an amount effective to achieve their intended purpose. 
While individual needs vary, determination of optimal ranges of effective amounts of each compound is 
within the skill of the art. 

In addition to administering the lipidiZed compounds of the invention as a raw chemical in 
solution. the compounds may be administered as part of a pharmaceutical preparation containing 
suitable pharmaceutically acceptable carriers comprising excipients and auxiliaries which facilitate 
processing of the compounds into preparations which can be used pharmaceutically. Suitable 
formulations for parenteral administration include aqueous solutions of the compounds in water­
soluble form. In addition, suspensions of the c:ompounds as appropriate oily injection suspensions 
may be administered. Suitable Jipophilic solvents or vehicles include fatty oils, for example, sesame 
oil, or synthetic fatty acid esters, for example, ethyl oleate or triglycerides. Aqueous injection 
suspensions may contain substances which increase the viscosity of the suspension include, for 
example, sodium carboxymethyl cellulose, sorbitol, and/or dextran. Optionally, the suspension may 
also contain stabilizers. 

The compounds of the invention may also be combined with a lipophilic cationic compound 
which may be in the form of liposomes. The use of liposomes to introduce nucleotides into cells is 
taught, for example, in U.S. Patent Nos. 4,897,355, 4,394,448 and 5,635,380. See also U.S. Patent 
Nos. 4,235,871, 4,231,Bn, 4,224, 179, 4, 753, 788, 4,673,567, 4,247,411, 4,814,270 for general 
methods of preparing liposomes comprising biological materials. In a preferred embodiment, a 
metholic solution of dimyristoyf phosphatidyl choline, cholesterol and stearylamine (7:2:1) are 
evaporated to obtain a dry film. The film is hydrated in Tris® buffer containing appropriate amount of 
lipidiZed compound, followed by probe sonication. 

The invention may be better understood with reference to the accompanying examples, which 
are intended for purposes of illustration only and should not be construed as in any sense limiting the 
scope of the invention as defined in the claims appended hereto. 
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EXAMPLES 

Example 1 

.. ·Synthesis of N-oalmitvl-2-pyridVldithiocvstelne CPaf-POC) 

An ice-cold solution of L-cysteine (I) (3.0 g) in ethanol (60 ml) was added dropwise to a stirred 

solution of 2,2-dithiopyridine (IJ) (7.5 g) In ethanol (30 ml), and the reacUon was allovied to proceed at 

25°C for 18 hr. The solution was centrifuged in order to remove any precipitate, and the supernatant 

was reduced In volume to 40 ml using a rotary evaporator. Subsequently, the reaction mbcture was· 

added dropwlse to 400 ml of ice-cold benzene. PDC (Ill), which crystallized in benzene, was Isolated 

by filtration, redissolved in 40 ml of ethanol, and then recrystallized in 400 mf of ice-cold benzene as 

described above. The recrystaffized product was isolated by filtration, dried under vacuum overnight, 

and finally stored at-20°c in a desiccator. 

PDC (100 mg) (Ill) was dissolved in 6 ml of DMF and mixed with 100 µI of triethylamine, and 

the resultant suspension was reacted with the N-hydroxysuccinimide ester of palmitic acid (IV) (250 

mg) in DMF (5 ml) at 25°C for 24 hr, during which time the suspension turned clear. This solution was 

diluted with 40 ml of ice.cold water, pH 3.0, and the precipitate. which contained Pal-PDC (V) and 

palmitic acid, was isolated by centrifugation at 10000 rpm for 30 min. Pal-PDC (V) was separated 

from palmilic acid by suspension of the precipitate in water, pH 7.0, which dissolved Pal-PDC (V), but 

not palmitic acid. Paf-PDC (V) was purified further using two more steps of acid precipitation as 

described abOve. 

·example2 

SVnthesis of Conjugates 

Unless otherwise stated, all the final reagents used in the conjugation steps (Pal-PDC and 

PDC) were analyzed ·using silica-coated thin layer chromatography (TLC) plates containing fluorescent 

indicators. These plates were not activated by heating prior to any of the analyses. For the routine 

analysis of the reagents synthesized, 5 µl of an ethanolic solution containing the reagent (5 mg/ml) 

was applied to the plates. Subsequently, the plates were developed in solvent chambers, equilibrated 

with the mobile phase. Once the solvent front had travelled a sufficient distance, the plates were 

removed, dried, and studied under a UV-lamp. Positions of the spots were marked on the plates 

immediately, and a drawing of the plate and the spots was made. The Rf value for each spot 

visualized was calculated and recorded. The composition of the mobile phases used in the analyses 

were adjusted to provide optimum separation of the reagent spots. 

For purposes of illustration, conjugates of BBi were synthesized. BBi Is a hydrophilic protein 

which has low uptake into cells and is not orally bioavailable. In addition, BBi is stable in the GI tract 

and resists degradation by the mammalian proteases in the gut (Yavelow, J., et al., Cancer. Res., 

20 

.. 



" 

W098/13007 PCT/US97/17282 

43:2454s-2459s (1983)1. The use of 881 for chemoprevention can be accepted only if an orally 

absorbabte form of BBi can be developed. 

BBi (20 mg) was dissolved in 1 ml of a sodium bicarbonate solution (0.3 M, pH.8.0) and 

reacted with SPDP (5 mg/100 µI of DMF) for 2 hr at 2s•c. After purification of BBi-PDP using . 

SephadexG G50 gel-filtration ·chromatography,. the PDP-derivatization of BBi ·was estimated by 

measuring the release of the thiopyridine moiety after reduction of BBi-PDP with dithiothreitol (DTI"). 

Using this procedure, approximately 4 amino groups per BBi molecule were modified with SPDP. The 

levet of derivatization of BBi could be controlled by adjuSting the pH of the reaction buffer; the 

. modification of BBi could be adjusted from one amine group per BBi molecule when the reaction was 

carried out at pH 7, to 4.5 amine groups modified when the reactiQn was carried out at pH 8.5. 

BBi-POP (20 mg) in PBS (1 ml, pH 5.0) was reduced with OTT (25 mM) for 30 min and 

subsequently eluted from a Sephadex® G50 column. The sulfhydryt-containing BBi fractions, which 

eluted at the column void volume, were identified using Elman's reagent, and then reacted with a 3-

fold excess (per sulfhydryl group on BBi) of Pal-PDC (V) in PBS, pH 7.0, for 16 hrs at 4°C. The 

reaction mixture was then acidified to pH 3.0 using HCI (1M) and left on ice for 30 min. The 

supernatant was analyzed separately using a Sephadex® G25 gel-filtration column. The precipitate, 

which contained the palmityl disulfide conjugate of BBi, BBlssPal (VI), and the excess reagent, was 

isolated by centrifugation, dissolved in OMF (2 ml). and eluted from a Sephadex® LH20 column using· 

DMF. BBlssPal (VI) fractions, which eluted at column void volume, were isolated, dialyzed·3 times 

against 500 volumes of water, and then lyophllized. The yield of the conjugate using this procedure 

was approximately 80% (by weight). The conjugation of Pal-PDC to BBi was confirmed and 

quantitated after the conjugation of (3H]-labeled Paf-PDC {V) to BBi using identical conjugation 

conditions as the ones described above. Also, using an identical procedure, the oleic acid conjugated 

BBi (BBlssOleic) was synthesized. 

Example3 

Transport of Conjugates 

Human colon carcinoma cells (Caco-2) were detached from 25 cm2 stock culture flasks using 

a 1 O min incubation at 37°C with 0.5 ml of a trypsln/EDTA solution (0.5% trypsin, 5.3mM EDTA). The 

cells were then suspended in 5 ml of Dulbecco's minimum essential medium, supplemented with 15% 

fetal bovine serum {FBS), L-glutamine (1%), and essential amino acids {1%), and counted using a 

coulter counter. 

Suspended Caco-2 cells in 1.5 ml of medium were seeded into the apical chamber of the 

transwells at a density of 0.5 million cells per insert.. 2.5 ml of the medium was then added to the basal 

chambers of each transwell. The cells were allowed to attach for 2 days without disturbance and were 

then fed every other day until the experiments were performed. The cells were maintained for 

approximately 14-20 days prior to the experiments and were fed 24 hr before each experiment. The 
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cell monolayers developed a tra~epithelial electrical resistance (TEER) of approximateJy 500-600 o 
cm2 within one week of the seeding and maintained this resistance for up to 21 days post-seeding. 

Radioiodination of BBi and-BBissPal was carried out using the chioramine-Tmethod 

'[McConahey, P~c~ and Dixon, F.J., Meth. EnzytTiol., 70:221-247 (1980)]. Confluent, 14-day old cell· 

·monolayers were washed once with,· and then Incubated in, serurii-free Dulbecco medium at 37°C fur 

30 min. SubsequenUy, the incubation medium was replaced with serum free medium containing '251-

BBI (1 O pg/ml), either as native-BBfor as BBlssPal or BBlssOieiC, and the monOlayel'S were incubated 

fur a further 60 min at 37°C. The mOnolayers were then washed three times with ice-cold PBS, and 

then exposed to trypsin (0.5%, E~TA 5.3mM) for 10 min at 37•c. The detached cells were transfel'ied 

to tubes, isolated by centrifugation, washed three times using ice-cold PBS, assayed for accumulated 

radioactivity using a gamma counter, and finally assayed for cell protein using the published method 

(Lowry, O.H., et at, J. Biol. Chem., 193:265-275 (1951)}. 

In some experiments the up~ke of reduced 1251-BBlssPal into cells was determined. · 12
51-

BBlssPal was redueed with OTT (50 mM) at 60°C for 5 min foliOWed by a further 25 min at 37°C. In 

control experiments, 1251-BBlssPal was exposed in medium to the same temperatures without being 

exposed to OTT. 

The uptake of 1251-BBlssPal in the presence of BSA (ratty acid free) was determined as 

·. follows. '251-BBlssPal was incubated with medium containing ·0.1 % BSA for 30 min at 37°C before 

being added to the cell mono!&yers. In some uptake experiments, BSA was first mixed with a 3- fold 

molar excess of palmitic acid, and then incubated with the conjugates prior to the experiments. In the 

experiments where the uptake of '251~BBlssPal was determined in medium containing FBS, the 

conjugates was simply added to the ·medium containing the required amount of FBS. 

Confluent cell monolayers, 2 to 3 weeks old, and having a TEER value of approximately 500 

0 cm2 ,·were first incubated with Dulbeceo's MEM containing .1 % of FBS fur 30 min at 37°C. 

Subsequently, the incubation medium was removed, and the '251-BBI (10 µg/ml) conjugates in 1.5 ml 

of the medium was added to the apical chamber of the transwells. To the basal chamber, 2.5 ml of the 

medium was added and the transwells were incubated at 37°C. At predetermined times; the entire 

basal chamber medium (2.5 ml) from each transwell was removed and counted for radioactivity using 

a gamma counter. In each experiment, typically seven samples were taken at 1, 2, 3, 4, 5, 6 and 24 hr 

post-incubation. After the 24 hr samples were taken, the cell monolayers were rinsed three times with 

ice-cold PBS, cut out of the inserts, and counted fur accumulated radioactivity using a gamma counter. 

The integrity of the '251-BBI conjugates transported across the monolayers was studied using 

Sephadex® G50 gel-filtration chromatography. Briefly, after the basal medium was sampled at 24 hr, 

1.0 ml of the medium was centrifuged at 2000 rpm and then eluted from a G50 column (10 ml) using 

PBS; 1 ml fractions were collected and the fraction-associated radioactivity was determined using a 

gamma counter. Intact conjugates eluted at column void volume and fragments smaller than 1 kDa 

were eluted at or above the column volume. 
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The results of the uptake of 1251-BBI, either as the free protein or in conjugated form. to palmitic 

acid, in the presence of different amounts of added FBS are shown in Table 1. When the conjugates 

were incubated with the cells in serum-free medium, the uptake of BBlssPal was approximately 140-

fold higher than that of BBi. In the presence of medium containing 1 % FBS, the internalization of 

BBlssPal was increased by 35-fold over that of BBL Increasing the serum concentration further to 

. 10%, caused.a further decrease in the uptake of BBlssPal into the cells to only a 10-fold higher level 

than that of native-BBi. The internalization of BBlssPal into Caco-2 cells was reduced drastically in the 

presence of serum to 14% and 2.3% of that of the serum-free values for 1 % and 10% FBS containing 

media, respectively. 

TABLE 1 

Uptake (ng BBi/mg of cell proteln)/hr 

serum free 1%FBS 10%FBS 

BBi 3.9 :I: 0.19 2.2 :t 0.17 1.3 :t 0.02 

BBlssPal 540.0 ± 24.13 78.5 ± 3.41 .12;9 :t 0.02 

The cell monolayers were incubated with 1251-labeled conjugates at 1 Oµg/ml for 60 min at 37°C. The .· 

results presented are the average of three monolayers ±SEM. The uptake experiments were carried 

out in Dulbecco medium, in the presence and absence of added FBS. 

Since the BBlssPal uptake into the cells was believed to be mediated by the palmitic acid 

ligands on the conjugate, the uptake of 1251-BBlssPal into Caco-2 cells before and after r~duction with 

OTT was studied. Since the presence of serum in the incubation medium had an inhibiting effect on 

the uptake of the conjugates into the cells, the uptake was studied in serum-free medium, The results 

are shown In Table 2. The uptake of untreated 1251-BBlssPal into the cells was 80-fold higher than that 

of 1251-BBI. The exposure of 1251-BBI to OTT did not cause a reduction in the uptake. In contrast, the 

reduction of 1251-BBlssPal with OTT reduced the uptake of the conjugate in to the cells by. 

approximately 80%. The reduction of BBlssPal with OTT causes the detachment of the palmitic acid 

from the conjugate. Hence, the uptake of 1251-BBlssPal was mediated by the hydrophobic palmitic acid 

ligand. 

TABLE2 

Uptake (ng BBi/mg of cell protein)/hr 

Untreated OTT-treated 

BBi 4.8±0.00 5.2 ±0.00 

BBlssPal 381.7 ±0.03 46.S:t 0.00 

23 



W098/13007 PCT/US97/17282 

The celf uptake of 1251-BBI, either as the native protein or as BBlssPal was determined before and after · 

reduction with OTT (50 mM) for 5 min at 6o°C and 25 min at 37°C. 

Bovine serum alburriin (BSA) is known tO be a earner of fatty acids in vivo and contain 

hydrophobic regiOns which can tightly bind fatty acids. Since the uptake of 1251-BBissPill was reduced 

in the presence of serum, the possibility that BBlssPal· bound to BSA present in FBS was investigated. 

The cell uptake of 1251-BBlssPal and 1251-BBI in the· p'resence of medium containing tat-free· BSA or fatty 

.• 

acid-loaded BSA was studied, and the results are shown in Table 3. In the presence of BSA-free .. 

medium. the uptake of 1251-BBJssPal Into the cells was 80-fold higher than that of BBi, as was expected 

from the results obtained in the previous experiments. When defatted-BSA (fattY acid-free BSA) 

(O; 1 %) was present in the medium, the uptake of 1ist-BBissPal was reduced by 82%, whereas the 

uptake of 1251-BBf was not affected. In the presence of fatty acid-loaded BSA (0.1 %), which was 

produced by spiking fat-free BSA with a 3-molar excess of palmitic acid, the uptSke of ust-BBI was 
again not affecled. Therefore, 1251-BBlssPal binds strongly to BSA and this binding is dependent on 

the number of fatty acids already bound to BSA. 

TABLE3 

Uptake (ng BBUmg of cell proteln)lhr 

serum free BSA BSA/FA 

881 4.8±0.00 4.8:1:0.00 3.9±0.00 

BBlssPal 380.0 :t 0.03 69.7± 0.00 258.9 :t: 0.00 

· The uptake experiments were carried out in Dulbecco medium, in the presence and absence of added· · 

fatty acid-free BSA (BSA) or fatty acid-loaded BSA (BSA/FA). The results of studies of the uptake of 

'
251-BBI, either as the native-BBi or in conjugated form to palmitic or oleic acid, in Caco-2 cells in the 

presence of serum-free medium are presented in Fig. 1. The results are shown as the average ng of 

. BBi internalized ±SEM, n=3. The uptake of 1251-BBls~Pal into the cells was approximately 100-fold 

higher than that of 1251-BBt Similarly, the uptake of 1261-BBlssOleic Into the cells was about 108-fold 

higher than 125881. The difference between the uptake of 1251-BBlssPal and 1251-BBlssOleic were not 

significant. 

Example4 

Biodistribution Assays 

Female CF-1 mice, 2 to 3 weeks old, weighing 20-25 g each, with free access to food and 

water prior to the experiments, were used for the animal experiments. 1251-BBI (3 mg/kg), as native­

BBi or as BBlssPal or BBlssOleic conjugate, was administered to the animals via the tail vein. At 0.5, 

3, and 24 hr post-injection, 3 animals from each experiment group were sacrificed and their blood (200 
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JJI), the kidneys, the lungs, and the liver were removed, rinsed in ice-cold PBS, and assayed for 

accumulated radioactivity. The weights of the organs were recorded and used to adjust the 

concentration of the conjugates in the organs. 

In the iv-biodistribution studies, 1251-BBI (3 mg/kg), either as the native-BBi or as BBlssPal, 

was administered into the lower left quadrant of the abdominal cavity of each animal. The animals 

were then treated in the manner described for the iv.-biodistribution studies. 

The results of the biodistribution of BBi and BBlssPal following iv-administration are shown in .· 

Fig. 2 as the.% dose accumulated per g organ ±SEM. The results indicated that while BBi was rapidly 

excreted from the body without attaining high blood levels, BBlssPal was accumulated in the blood at 

a.relatively high level and was apparently more slowly removed form the circulation. The kidney 

biodistribution results indicated that while BBi was rapidly accumulated in the kidneys, BBlssPal was 

not. The liver accumulation of BBlssPal was approximately 5-fold higher than that of BBi, and 

BBlssPal levels remained high in the liver even at 24 hr post-injection. The lung accumulation of 

B81ssPal was also approximately 2-fofd higher than that of 881, but this result may have been caused 

by the residual blood present in the organ after its excision. Clearly, BBlssPal was retained longerand 

ata higher level in the blood and the liver. On the other hand. the kidney clearance of 8BlssPal was 

about 4-fold lower than native-BBi. 

The iv-biodistribution of BBi and BBlssOleic were also studied in CF-1 mice. The results are 

presented in Fig. 3 as the % dose accumulated per g of the organ "SEM, n=3, at 0.5, 3 and 24 hr. The 

biodistribution of BBtssOleic was very similar to BBlssPal. As was observed for BBlssPal, BBtssOleic 

had higher blood levels than BBi and was apparently more slowly cleared from the circulation. The 

blood levels of BBlssOleic were about 4-fold higher than those of BBi at the same time points. The 

kidney clearance of BBlssOleic was approximately 4-fold lower, and the liver accumulation 

approximately 4-fold higher than native-881. The retention of BBlssOfeic in the liver was prolonged, · 

with significant levels of the conjugate present in the liver even at 24 hr post-injection. The lung levels 

of BBlssOleic were about 2-fold higher than native-BBi levels, but the higher residual blood in the 

lungs could account for this obseivation. 

The iv-biodistribution of 1251-BBlssPal in CF-1 mice is shown in Fig. 4 as the average % dose 

accumulation per organ " range (bars) at 0.5 hr (Fig. 4A), 3 hr (Fig. 48) or 24 hr post-injection (Fig. 

4C). The kidney accumulation of 1251-BBlssPal was 4-fold lower than that of native 1251-BBI for the 0.5 

and 3 hr time points. At 24 hr, 1251-BBlssPal levels were ·higher in the kidneys than 1251-BBI. The blood 

level of 1251-BBlssPal was similar to that of 1251-881 at 0.5 hr, 1.5-fold higher than BBi at 3 hr, and 

approximately 3-fold higher than BBJ at 24 hr. The liver accumulation of 1251-BBlssPal was 1.5-fold 

higher than 1251-BBI at 0.5 hr. 2.5-fold higher at 3 hr. and about 4-fold higher at 24 hr. Relatively large 

amounts of 1251-BBlssPal were present in the liver and the kidneys at 24 hr. 
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Example5 

Jn Vitro Transformation Studies 

.Transformation assays were carried out using C3H 10T1/2(clone 8) cells according to the 

published recommendations [Reznlkoff, C.A., et al., cancer. Res., 33:3239-3249 (1973); Reznlkoff, 

• C.A., et al., Cancer. Res., 33:3231-3238 (1973)). Stock cullUres of rnycoplasma-tree cells were · 
maintained by passing 50,000 cells per 75 ~flask every seven days. Using this"schedufe, the cells 

were always passed approximately· 2 days beft>re reaching confluence. The stock·ct11ture wa8 grown 

in Eagle's basal medium supplemented with 10% FBS, penlclllin (100 units), and streptomycin (100 ·· 

µg) :and used for the transformation assays at passages of 9 to 14. The cells were passed by treating 

·the stock cells with trypsin (0.1 %) in PBS for 5 min and quenching the trypsin with 5 ml of the medium. 

This procedure was adapted to minimize spontaneous transformation In the stock cultures and· 

maximize the plating efficiency in the petri dishes. The FBS stock used in the cultures was pre.;. 

screened to ensure that the serum was able to support' the expression and the growth of the 

transformed cells. 

For the transformation assays, C3H 10T1/2 cells (1000/dish) were seeded into 60 mm petri 

dishes and allowed to grow in a humidified 5% C02 atmosphere in Eagle's basai medium, 

supplemented with 10% FBS, penicillin (100 units), and streptomycin (100 µg), for 24 hr. 

Subsequently, the cells were initiated by treatment with 25 µI of the 3-methylcholanthrene (MCA) in 

acetone stock solution (0.25 mg/ml) to a final concentration of 1 J,Jg/ml of MCA (5 µg/5 ml). The cells 

were allowed to grow in the presence of the carcinogen or solvent for 24 hr, and the medium in each 

dish was then replaced with fresh medium containing no carcinogen or solvent. The medium in the 

dishes was replaced twice per week for the first two weeks of the assay, and thereafter once a week 

for the remainder four weeks of the assay. In the experiments designed to determine the 

transformation inhibitory activity of the conjugates, the cells were maintained in the medium containing 

the conjugates (1 µg/ml) for the first three weeks of the assay; thereafter, the cells were maintained in 

medium containing no added conjugates. 

Six weeks aft.er the carcinogen treatment. the cells were inspected under a microscope for 

adherence to the culture dishes and were washed with PBS and then fixed in 100% methanol. The 

fixed monolayers were then stained with Giemsa stain. Twenty dishes per group were treated in each 

experiment. In addition to the test groups, all the transformation assays contained at least three other 

groups: negative control (not treated with carcinogen or solvent), acetone control (treated with 25 µI of 

acetone), and positive control [treated with MCA (1 µg/ml) in 25 µI of acetone). The transformed foci 

(>3mm in diameter) in the plates were studied under a microscope and classified ac:Cording to 

published guidelines as types I, II, or Ill [Landolph; J.R., Transfomatin assay of established cell lines: 

Mechanism and Application {ed. Kakunaga, T., and Yamasaki, H.) IARC Scientific Publications, Lyon, 

France pp. 185-201 (1985)}. Briefly, type Ill foci were dense, multilayered, basophilic, areas of cell 

growth which stained to a deep blue color with Giemsa and had rough criss-crossed edges. Type II 

26 



W098/13007 PCT/US97/17282 

foci were also dense, multilayered, areas of cell growth, but were stained to a purple color with 

Giemsa and had smoother, more defined edges compared to Type Ill foci. Type I foci were not scored 

in the assay. 

The plating efficiency (PE) of the cells was also studied in conjunction with each of the 

transtormation assays. To determine the PE of the cells in the different treatment groups, cells (200 

cells/dish) were seeded into three 60.mm petri dishes per experiment group and treated in the 

identical manner as the transformation assay cells. The cells in these assays were terminated at 10 

· days, fixed with 100% methanol, and stained with giemsa; the colonies of 50 cells or more visible 

under a microscope were then counted. The plating efficiency Is defined as the (number of 

colonies/number of cells seeded) x 100%. 

The in vitro anti-transformation activity of BBl, BBlssPal, and BBlssOleic is shown in Table 4. 

BBl, either as the free protein or in conjugated fOrm to palmitic or oleic acid, was added to the COltures 

· at 1.0 µg/ml for the first three weeks of the transformation assay period starting immediately after the 

MCA treatment. MCA-treated cells were exposed to 3-methylcholanthrene, dissolved in 25 µI of 

acetone, at a concentration of 1 µg/ml for 24 hr. Acetone-treated cells were exposed to 25 µI of 

acetone for 24 hr only. The test groups were exposed to MCA for 24 hr and then to the conjugates for 

the first three weeks of the assay. Untreated cells were exposed to neither MCA nor acetone. 

Statistical analysis (Chi-square): Group 4 vs 3, p < 0.05; Group 5 vs 3, 0.05 <p<0.1; Group 6 vs 3, 

p<0.05. Control, untreated cells reached confluence in the dishes about 14-days post-seeding formed 

well adherent, contact-inhibited monolayers. These dishes contained no transformed foci at the end of 

the assay period. The acetone treated cells also reached confluence and formed well-adherent 

monolayers 14 days post-seeding and contained no transformed foci. The MCA-treated dishes, 

however, contained morphologically transformed foci: 6 out of the 19 dishes scored contained type Ill 

foci. The BBi-treated group contained no transformed foci, indicating that BBi could prevent MCA-

·• induced transformation in these cells. The BBlssPal-treated cells contained one type II focus out of 

the 20 dishes scored in the assay. The BBlssOleic treated cells contained no transformed foci. The 

PE of all the groups in this assay was between 20% to 25%. As demonstrated in Table 4, both 

BBlssPal and BBlssOleic retained the original biological activity of BBi. 

TABLE4 

Treatment Group Dlating Efficiency No~ of dishes with F=raction of dishes 
1%) ransformed foci containing 

1'No. of dishes !transformed foci 
1. Controls - untreated 23:t1.5 0/20 .o 
2. Negative controls - acetone 22 :I: 2.0 0/20 0 

treated 
3. Positive controls - MCA- 21 :1:3.0 6119 0.32 

treated 
4. Test-MCA treated+BBI· 24 ±2.0 0120 0 
5. Test-MCA-treated+BBlssPal 23:1:3.0. 1/20 0.05 
6. Test-MCA- 24±3.5 0120 0 

treated+BBlssOleic 
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Example6 

Transport of Single- and Multiple-Conjugates 

Studies on transport of apical membrane-bound 1251-BBlssPal were carried out using 

transwells and six-well plates. In the six-wel.1 plate experiments, 1251~BBI or '251-BBlssPal (10 µg/ml) 

was incubated with caco-2 cells in serum-free medium for 1 hr at 37°C. Subsequently, the cells were . . 

rinsed three times with ice-coid PBS and then divided into two groups. In the first group the 

internalization of the conjugates was determined after the trypslnization and isolation of the cells. In. 

the second group, the cells were reincubated with serum-free medium and the release of the 

conjugates from the cells was chased. for 24 hr; medium was removed at hourly intervals and counted 

. . for radioactivity. At the end of the chase period, the cells were trypsinized, isolated, and counted for 

accumulated radioactivity. The total counts in each experiments (medium+ cell cpms) were 

determined; and the % of the total counts released at different times was determined. 

In the transwell experiments, the conjugates were incubated with the apical side of the cells 

for 1 hr at 37°C. The transwells were then rinsed three times with ice-cold PBS and then reincubated 

with serum free medium. The release of the cbnjugates into the apical and the basal medium was 

chased for 24 hr by counting the entire basal or the apical medium at different times. The total counts 

obtained at the end of the chase period (transwells + media counts were added, and the release of the 

conjugates (% of total) at different times was calculated~ To ensure that the counts obtained in the 

transwells at 24 hr were due to the presence of the conjugates in the cells and not non-specific binding 

to the plastic, the transwells were exposed to trypsin for 1 O min, rinsed three times with ice-cold pbs, 

and subsequently counted for accumulated radioactivity. 

BBi was modified with 2 or 4 palmitic acids,. and the transport was determined in transwells. 

The cumulative transport of BBi, BBi modified with 4 palmitic acids [BBlssPa1(4)), and BBi modified 

with 2 palmitic acids [BBtssPal(2)1 in Caco-2 monolayers is shown in Fig. 5A; the results are 

expressed as BBi (ng/monolayer) ±SEM, n=3. The order of the transport extent was 

BBlssPal(4)>BBl>BBlssPal(2). The results of the intemaliZation of the conjugates into the same cells 

is shown in Fig. 58 as the ng of BBi internalized per monolayer. As expected, BBlssPal(4) had the 

highest uptake into the cells, followed by BBlssPa1(2) and BBi. The basal media obtained at 24 hr 

from the transwells was analyzed using a G50 column; the results are shown in Fig. 6. As had been 

observed before, neither BBi nor BBlssPa1(4) was transcytosed across the monolayers. However. a 

small, but significant, amount of the basal media of BBlssPal(2) consisted of intact conjugate. This 

quantity consisted of between about 1 O and about 20% of the total radioactivity present in the basal 

medium. 
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Example7 

Skin Absorotion of BBlssPal 

Freshly-prepared skins from hairless mice were mounted on small rings. To each mounted 

skin; a 5 µI sample of 1251-labeled BBi or BBlssPal ata concentration of 0.5 mg/ml was applied to .an 

area of 0.38 cm2
• Two pieces_ of skin were used pertreatmenl The skins were kept at room 

temperature (23°C) in a humidified environment After 30 minutes, the surface of the skins was first 

rinsed carefully with PBS; subsequently, the skins were unmounted. and soaked _twice in. 100 ml of 

PBS. The skins were then blotted with filter papers and counted in a gamma co.,nter. The amount of 

BBi retained on the skins was calculated using the specific radioactivity of the labeled BBi or BBlssPal. 

The absorption of BBi and BBlssPal into the mouse skins was 0.14 and 1.6 µg/cm2
, respectively. This 

demonstrates that a more than 10-fold increase of BBi absorption into the skin was achieved when the 

polypeptide was modified using Pal-PDC. 

Example 8 

Synthesis of Palmitvlated Horseradish Peroxidase CHRPssPall 

Ten milligrams of horseradish peroxidase (molecular weight 40,000; Sigma Chemical 

Company, St. Louis, MO, USA, catalog number P 8375) in 0.5 ml of PBS was mixed with 2 ml of 

SPDP in O.~ ml DMF at 25°C for two hours. The reaction was terminated by dilution with 0.5 ml PBS, 

and dialyzed in 500 ml of PBS at 4°C. After 24 hours, the solution in the dialysis tube was removed, 

reduced by the addition of 50 µI of 1 M on, and separated by using a Sephadex® G-50 column. 

Fractions at the void volume of the column were pooled and mixed with a 10-fold molar excess of Pal­

PDC in borate buffer. pH 9.6 at 25°C for 4 hours. The reaction mixture was then dialyzed exhaustively 

at 4 •c for 3 days. and the final product was estimated to contain 10 palmitic acid residues per 

molecule of HRP. The HRP molecules retained approximately 20% of the original enzyme activity. 

Example9 

Cellular Uptake of HRPssPal 

Confluent monolayers of mouse fibroblasts L929 cells in 6-well culture cluster plates were 

incubated in serum-free medium with 30 µg/ml of HRP, either as the native form or as the palmitic acid 

conjugate (HRPssPal). After 1 hour at 37°C, monolayers were washed three times with PBS and then 

dissolved in 1 ml of 0.05% of Triton-X 100. Cell-associated HRP was determined by measuring the 

enzymatic activity in each cell extract and the results converted to ng HRP per cell monolayer. 

Results indicated that cellular uptakes of HRP and HRPssPal were 7 and 229 hg HRP per cell 

monolayer, respectively. Therefore, a 30-fold increase in cell uptake was achieved by modification of 

HRP with Pal-POC. 
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Examole 10 

Upidization of Oligonucleot!des 

. ·. .. .. . . . . 

An antisense 211'ner oligonucteotide which is complementary to the mRNA of monoamlne 

oxldase B is thiolated using the following proCedure~ The oligonucleotide is mixed with a two-fold 

molar excess of cystamine in the presence of a water-soM>Je carbodffmide reagent, EOC. The · 

mixture is maintained at 25°C for 2 hours and a two-fold molar excess to cystamine of OTT is added to 
reduce disulfide bonds. After separating the oligonucleotide from free cystamine and DlT· using a 

Sephadex® G-25 column, a smai1 amount of the thiolated ollgonucleotide Is reacted with Eliman•s 

reagent and the concentration of sulfhydryl groups determined using the absorbance at 412 nm 

(assuming an e of 1.36 x 104 M"1). Subsequently, the number of sulfhydryl groups per oligonucleotide 

m0lecule is determined. The thiolated oligonucleotide is mixed in bicarbonate butter, pH 8, with Pal-

. PDC in two-fokJ molar excess to the number of suffhydryl g~ups in the oligonucleotide. The 

palmitylated oligonucleotide is purified using a Sephadex® G~25 column. 

Example 11 

SVnthesis of Desmopressln-fattv acid conjugates 

Oesmopressin (OP, 4 mg) was dissolved in 2 ml of PBS (pH 7.4) and treated with 74.8 ml of 
. . . 

dithlothreitof (OTT, o.1 M) at 37°C. The reaction was monitored by using TLC (solvent 

butanol:water:acetic acid (4:5:1), upper layer). The reduction of the disulfide bond In DP was 

completed within 30 min, as indicated by the conversion of DP (Rf= 0.15) to a single ultraviolet (UV)­

absorblng spot (Rf= 0.20) in the TLC. The OTT-reduced DP (dithiodesmopressln) was proceeded 

without further purification for the subsequent conjugation. The reduced DP solution was mixed with 

2.24 ml Of 10 mM Pal-PDC (10 mM, pH 7.6) for 30 min at25°C and, subsequently; acidified to pH 3 

using HCf (1 N). The :precipitate formed in the acidified reaction mixture, which consisted of the 

palmltyl disulfide conjugate of desmopressin (DP-P) and the excess reagent, was isolated by using 

~ntrifugation and r8-dissolved in 1 ml of dimethylformamide (DMF). DP-P was subsequently purified 

by using a Sephadex® G 15 column (40 ml) using DMF as the eluanl The DP-P containing fractions 

at the void volume of the column were identified by TLC analysis (DP-P: Rf= 0.24) and pooled. After 

the removal of the solvent under vacuum, 3.8 mg of purified DP-P was obtained. 

In vitro conversion of DP-P to DP was demonstrated in the presence of on as the reducing 

reagent Ten ml of DP-P (1 mg/ml, PBS) was treated with 5 ml of OTT (0.1 M) and was reacted at 

37°C. TLC analysis of the resultant solUtion revealed the gradual disappearance of DP-P (Rf= 0.24) 

with a concomitant regeneration of DP (Rf= 0.15). After 1 hr, the conversion of DP-P to DP was 

completed. 
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DP conjugates linked to acetic, caprolc, capric, lauric, myristic, or stearic acid were prepared 
by using similar procedures as described above, except that Pal-PDC was replaced by the respective 
fatty acid-PDC reagents . 

. Example 12 

·Effects of DP-P on rats with hereditarv hypothalamic diabetes insipidus 

Brattleboro rats, which carry the hereditary disease of hypothalamic diabetes inslpidus, were 
used to compare the effects of DP and DP-P for alleviating the disease symptoms, i.e., polyuria and 
polydipsia. A group of three Brattleboro rats were kept separately in three metabolic cages. Their 
body weight, water intake and urine output were measured every day. DP and DP-P were dissolved in 
10% Liposyn® II (Abbott Laboratories, Abbott Park, IL, USA) and injected subcutaneously (s.c.) to 
each rat at doses ranging from 0.02 to 20 µg/kg. Fig. 7 shows a typical response to the OP treatment 
at a dose of 3.3 µg/kg which maintained the rats symptom-free for less than one day. On the other 
hand, DP-P at the identical dose could maintain the rats symptom-free for more than 3 days, as 
indicated by the reduction of both water intake and urine output without significant change of the body 
weight. 

In. order to evaluate the dose-dependent responses to OP and OP-P in Battleboro rats, the 
effectiveness of anti-diuretic activity was defined as the length of time that a more than 50% reduction 
of the urine volume can be maintained in the treated animals. As shown in Fig. 8, DP-P was at least 
250-fold more effective than DP when administered subcutaneously for the treatment of diabetes 
insipidus, because a similar effect was obtained with 0.02 pg/kg of DP-P and 5 µg/ml of DP. 

Example 13 

In vivo structure-activity relationship of desmopressin-fattv acid conjugates 

DP, as well as its fatty acid derivatives, was tested for the anti-diuretic effects in Brattleboro 
rats. Three rats were injected s.c. with DP or its fatty acid conjugates at a dose of 0.5 µg/kg in 10% 

Liposyn® II (Abbott Laboratories). The urine output from each rat was measured, averaged, and 
plotted versus the number of days. As shown in Fig. 9, a minimum of 1 O carbons is required for the 
fatty acid moiety in the DP-conjugates in order to increase the efficacy of the anti-diuretic activity. 

Example 14 

In vivo distribution of intravenously administered desmopressin-oalmitic acid conjugate CDP-Pl in mice 

Both DP and DP-P were iodinated with 1251 by using the chloramine T method. 1251-DP or 1251-
DP-P was injected intravenously to CF mice at a dose of 1x106 cpm/mouse. Groups of three treated 
mice were sacrificed at different time points and the radioactivity in the blood was measured by 
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counting 0.2 ml of blood In a gamma counter. As shown in Fig. 10, the plasma half-life of DP-P is 

·· much longer thari that of DP, resulting approximately a 6-fold increase In AUC. 

Example15· · · 

SVnthesis ·of N-deoxvchoM 2-ovridVldlthiocysteine JDOC-PDC> 

A mixture of deoxychoflc acid (585.2 mg), N-hydroxysuccinlmide (230.0 mg), and · 

dicyclohe>cylcarbodiimide (412.6 mg) in 25 ml of ethyl acetate was stirred at 25°C tC>r 1~ ht The 

dicyclohexylurea precipitate was ·removed by fittration and the ethyl· acetate filtrate was evaporated 

under reduced pressure to obtain the product, N-hydroxysuccinimide ester of deoxycholic acid. 

The crude N-hydroxysuccinimide ester of deoxycholic acid was re-dissolved in 10 ml of DMF, 

to which was added 533 mg of PDC, followed by 556.7 µI of triethylamine. The resulta~t suspension 

was stirred at 25°C tor 5 hr. This reaction mixture was then diluted with 80 ml of d'istilled Water and 
. . ,. 

acidified with HCI (6N) to pH 3. The DOC-PDC precipitate was isolated by centrifUgation, re-

suspended in 40 ml of distilled water, and the final solution was adjusted to pH 8 by using NaOH (5N). 
. . . . . . ·. ~ 

At this condition, DOC-PDC was dissolved in the aqueous solution and insoluble impurities were 

removed by centrifUgation. The supernatant was re-acidified with HCI (6N) and OOC-PDC was 

collected by centrifugation and dried under the vacuum. The final product, as determined by TLC 

analysis, was practically pure and was used for the preparation of the ·conjugates without fUrther 

·purification. 

Example 16 

Synthesis of desmopressin-deoxvcholic acid (DP-DOC) conjugates 

DP-DOC was prepared by a similar proced~re as described in Example 11. Briefly 280 µ1 of 

10 mM DOC-PDC (10 mM, pH7.7) was added to a solution of the reduced DP (0.5 ml of 1 mg/ml 

PBS). The mixture was stirred at 25 De for 30 min when TLC analysis Indicated that the conjugation 

reaction was completed. The reaction mixture was then acidified to pH 3 using HCI (1 N) and the final 

product, DP-DOC, was isolated as the precipitate. 

Example 17 

Synthesis of calcitonin-palmitic acid conjugate CCT-Pl 

Salmon calcitonin (CT, 4 mg) was dissolved in 2 ml of PBS (pH 7.4) and treated with 46.6 µI of 

dlthiothreitol (OTT, 0.1 M) at 37°C for 30 min. The reduced calcitonin (dithiocalcitonin) was proceeded 

as such without isolation for the subsequent conjugation. To the reaction mixture was added 1.4 ml of 

10 mM Pal-PDC (10 mM, pH 7.6}. The mixture was stirred at 25DC for 45 min and, subsequently, 

acidified to pH 3 using HCI (1N). The precipitate, which contained the palmityl disulfide conjugate of 
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conjugate of calcitonin (CT-P) and the excess reagent, was dissolved in 1 ml of DMF .. CJ-P was . 

purified by eluting in a Sephade>te LH20 column (40 ml) using DMF as the eluant •. The fractions 

containing CT-P, which were eluted at the void volume of the column, were identified by TLC .and UV 

(280 nm) analysis, and pooled. After evaporating the solvent under vacuum, a final p'"9C1uct of 3.2 mg 
.;. 

of CT-P was obtained. 

~. Example 18 

Sustained release of subcutaneously administered calcitonin CCP> and its palmitic acid conjugate CCT­

P> in mice 

Both CT and CT-P were iodinated with 1251 using chloramine T method. 1251-CT or 1251-CT-P 

was injected s.c. into mice at a dose of 125 µg/kg in 10% Liposyn® JJ {Abbott). Groups of three mice 

were sacrificed at different time points. The levels of calcium in the blood samples v.tere determined 

by using a commercial calcium diagnostic kit (Sigma Chemical Co.). The plasma from each mouse 

was isolated and treated with 5% trichloroacetic acid (TCA) in an ice bath. The radioactivity in the 

TCA precipitates were considered as the intact CT in the plasma. As shown in Fig .. 11, the plasma 

half-life of CT in CT-P-injected mice was significantly higher than that in CT-injected mice. CT-P­

injected mice showed a transient reduction of the plasma calcium level, indicating that CT-P retains 

the in vivo biological activity of CP. More importantly, s.c. injected CT-P, in contrast to the rapid 

plasma clearance of s.c. injected CT, maintained an almost constant level of CT or CT-P in the blood 

for approximately 16 hours. 

Example 19 

Gastro-intestinat absomtion and calcium-lowering effect of orally administrated calcitonin-palmitic acid 

conjugate CCT-P> 

CT and CT-P were orally administered to CF mice using a gavaging needle at a dose of 100 

µg/kg in PBS. The mice, three of each group, were sacrificed 1 hour after the treatment, and the 

plasma was isolated from their blood. The levels of CT and calcium were measured by using 

commercial CT-RIA (Phoenix) and calcium diagnostic (Sigma Chemical Co.) kits, respectively. The 

results are shown in Table 5. The level of RIA-detected CT in mice with oral administration of CT-P 

was significantly higher than that of CT. Furthermore, the level of calcium In plasma at 1 hour was 

lower in CT-P treated mice than that in CT treated mice, which was consistent with the finding in CT 

levels. Because the crossreactivity of CT-P to the anti-CT antibody is only about 1 Oo/o, the actual 

concentration of total CT in the plasma of CT-P treated mice could be even higher than the value 

presented in Table 5. 
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TABLES 

Plasma Calcltonin Concentrations and Calcium Reductions in Mice One Hour after the Oral· 

Admlnistration of CT and CT-P at a Dose of 100 uo/kQ (N = 3, "S.0~) 

CT (r!Jl.0.1 ml 12tasma} Calcium(% reduction} 

CT 9.2:t:0.7 17.5±3.6 

CT-P 18.3 ±4.0 28.9:t1.2 

Example20 

Svnthesis of Acyclovir-Lipoic Acid Ester Conjugate CACV-LA} 

The esterification between acyclovir (ACV) and lipolc acid (LA) was catalyzed by using 

dicyctohexylcarbodiimide in the presence of p-toluenesulfonic acid (TsOH). The product, ACV-lA was 

purified using preparative TLC. 

Acyclovir (ACV, 25 mg), lipoic acid (LA, 229 mg), and dicyctohexylcarbodiimide (572.5 mg) 

were dissolved together in DMF (2.5 ml). To the resultant solution was added 10.a· mg of TsOH. The 

miXture was stirred at room temperature for 3 days'. The dicyclohexyllirea J>recipitate was removed by 

filtration. DMF in the filtrate was evaporated under vacuum .. The residue from evaporation was 

suspended in 5 ml of deionized water and extracted with ethyl ether (2 x 3 ml). The aqueous layer 

was separated and lyophilized. 

The lyophilized residue was redissolved in a small volume of methanol and loaded onto a 

preparative TLC plate. The plate was developed using methylene chloride:acetone:methanol (4:1:1) 

as the solvent system. An UV absorbance band of the product Rf= 0.41), which was different from 

that of ACV {Rf= 0.10), was identified and scraped from the TLC plate and the silica gel was extracted 

with 2 x 15 ml of the same solvent mixture as in the TLC. The solvent extract was evaporated in a 

rotary evaporator and a final product of 11.7 mg of ACV-LA was obtained. 

Example21 

Synthesis of Acyclovir-Lipolc Acid-Dipalmltic Acid Con!ugate CACV-LA-DPl 

The method for the preparation of the titled conjugate was similar to that of desmopressin­

palmitic acid conjugate (Example 11 ). Acyclovir-lipoic acid ester (ACV-LA, 0.6 mg) was dissolved in 

0.5 ml of PBS (pH 7 .4) and treated with 14.5 ml of dithiothreitol (OTT, 0.1 M). The· reduction was 

proceeded at 3T'C for 30 min. The reduced ACV-LA (dithiol compound) was used without further 

purification for the subsequent conjugation. To the reaction mixture was added 531 !JI of 10 mM Pal­

PDC (10 mM, pH 7.7). The mixture was stirred at 25°C for 30 min. The reaction mixture was acidified 
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to pH 3 using HCI (1N) and precipitation appeared. The precipitate, which contained ACV-LA-DP, was 
obtained. The product couid be further purified by chromatographic methods. 

Example22 

Effects of fiposomal formulation on the anti-diuretic action of desmopressin-oalmitic acid conjugate 

CDP-Pl 

Uposomal DP-P, as well as DP-Pin Tris® buffer, was tested for its anti-diuretic effectS at an 
oral dose of 37.5 µg/kg In BraWeboro rats. To prepare liposomal DP-P, a metholic solution of 

dimyristoyl phosphatidyl choline, cholesterol and stearylamine (7:2:1) was evaporated to obtain a dry 
film. The film was hydrated In Tris® buffer (2 ml) containing appropriate amount of DP-P (2 hrs/25°C}. 
followed by probe sonication (15 minl37°C}. The resultant Jiposomal preparation was diluted with Tris 
® buffer to a total volume of 5 ml, which was used immediately. In rats treated with DP-P solution, the 
total volume of urine collected for the first five hours after oral administration was 53.3±15.3 ml, which 
was not significantly different from that of the control group (47.0±3.5 ml). However, liposomal DP-P 

showed a significant anti-diuretic effect with a total urine volume of 27 .0±1.0 ml collected for the first 

five hours. 

From the foregoing description, one skilled in the art can readily ascertain the essential 
characteristics of the invention and, without departing from the spirit and scope thereof, can adapt the 
invention to various usages and conditions. Changes In form and substitution of equivalents are 
contemplated as circumstances may suggest or render expedient, and any specific terms employed 
herein are intended in a descriptive sense and not for purposes of limitation. Aff publications, patents 
and patent applicatiof'!S cited herein are fully incorporated by reference herein. 
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WHAT IS.CLAIMED IS: . . . 

1. A compound having the following formula: 

p 

COR3 
I 

S-S-CH2--C-NHC (=O)R2 

~ 

CORI 
I 

S-S-·CHJ-C-NHC (=O)RS 

~ 

PCT/US97117282 

I If Im~ 1111~ 1~1111!1111p1 

in which P1 is a residue derived from a disulfide-containing compound which optionally may comprise 

a further disulfide group linked to a hydrophobic substitUent of the formula: 

COR3 

I 
P----S-S-CH2-C-NHC(=O)R2 VI 

~ 
each R 1 and R4 are independently selected from the group consisting of hydrogen, lower alkyl or aryl; 

each R2 and R5 are independently a hydrophobic substituent; each R3 and R6 are independently 

selected from the group consisting of hydroxy, a hydrophobic substitutent and an amino acid chain 

comprising one or two amino acids and terminating in -C02H or -COR2
; and n is an integer of from 1 to 

20. 

2. The compound of claim 1, wherein each R1 is the same as R4
, each R2 is the same as 

R5
, and each R3 is the same as R6

• 

3. The compound of claim 2, wherein each R1 is hydrogen, each R2 is part of a lipid 

group, each R3 is hydroxy, and n is no greater than 10. 

4. The compound of claim 2, wherein each R 1 is hydrogen, each R2 is part of a fatty acid 

or steroid; and each R3 is hydroxy. 
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5. The compound of claim 2, wherein said hydrophobic substitutent is part of a fatty acid 

residue having about 4 to about 26 carbon atoms. 

6. The compound of claim 5, wherein said hydrophobic substitutent is part of a fatty acid 

residue having about 5 to about 19 carbon atoms. 

7. The compound of claim 6, wherein said fatty acid is palonityl, oleyl or stearyl. 

8. The compound of claim 2, wherein each R2 is part of a steroid. 

9. The compound of claim 8, wherein said steroid is selected from the group consisting 

of deoxycholate and cholate. 

10. The compound of claim 1, wherein P is selected from the group consisting of a 

peptide, a protein, an amino acid, a nucleotide, a nucleoside, a oligonucleotide, and a carbohydrate; or 

a derivative thereof. 

11. The compound of claim 1, wherein P 1 has the formula 

COR3 

I 
P-S-S-CH2-C-NHC(=O)R2 VI • 

. \ 
RI 

12. The compound of claim 1, wherein said optional disulfide linked to a hydrophobic 

substituent is not present. 

13. A pharmaceutical composition comprising the compound of claim 1 and a 

pharmaceutically acceptable carrier. 

14. The pharmaceutical composition of claim 13, which is in the form of a fiposome. 

15. A method for increasing in vivo absorption in a mammal of a disulfide-group 

containing organic compound, said method comprising administering an effective amount the 

compound of claim 1 to the mammal. 
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16. The method of claim 15, wherein the disulfide group-containing organic compound is 

selected from the group consisting of a peptide, a protein, an amino acid, a nucleotide, a nucleoside, 

an oligonucleotide, and a carbohydrate;· or derivative thereof. 

17. The method of claim 15, wherein each R1 and R' are hydrogen, each R2 and R5 are 

part of a lipid group, each R3 and Rs are hydroxy, and n is no greater than 10. 

18. The method of claim 15, wherein each R1 and R' are hydrogen. each R2 and R5 are 

part of a fatty acid or steroid; and each R3 and Rs are hydroxy. 

19. ·A method for prolonging the in vivo blood and tissue retention, in a mammal, of a 

disulfide-group containing organic compound, said method comprising administering an 

effective amount of the compound of claim 1 to the mammal. 

20. The compound of claim 19, wherein the disulfide group-containing organic compound 

is selected from the group consisting of a peptide, a protein, an amino acid, a nucleotide, a nucteoside, 

an oligonucleotide, and a carbohydrate: or a derivative thereof. 

21. The method of claim 19, wherein each R1 and R4 are hydrogen, each R2 and R5 are 

part of a lipid group, each R3 and R6 are hydroxy, and n is no greater than 10. 

22. The method of claim 19, wherein each R 1 and R4 are hydrogen, each R2 and R5 are 

part of a fatty acid or steroid; and each R3 and R6 are hydroxy. 

23. A method of making a compound of claim 1, said method comprising the steps of: 

a} reducing the disulfide-containing compound to form a reduced disulfide-

containing compound; and 

b) reacting the reduced disulfide-containing compound with a compound of the 

general formula: 

A - S - S - CH2 - CR 1(NHCOR2)C(=O)R3 

in which·A is an aromatic activating residue, whereby said compound is obtained. 

24. The method of claim 23, wherein said disulfide-containing compound has more than 

one disulfide, and said disulfied-containing compound is partially reduced in step a). 
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24. A method for making a compound of claim 1, wherein R 1 and R4 are not the same; R2 

and R5 are not the same;and R3 and R6 are not the same; said method comprising the step of: 

conjugating a compound of the general formula VI' with a compound of the general 

formula Vl2 to form the compound of claim 1, wherein the compounds of formulae Vl1 and Vl2 

are shown below: 

111111111111111111111111111111 
* C L M S * 

· co~ 

I . 
P2-S-S-CH2-C-NHC(=O)R2 

\, 
. Vf1 

cOR6 

./ 
P3-S-S-CH2-C-NHC(=O)R5 

\ 
v12 

R4 

and wherein P2 and P3 are residues derived from sulfhydryl-containing compounds, whereby · 

the compound of cJaim 1 is obtained. 
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