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Abstract: The cyclic 8 opioid agonist [p-1-Phe*]DPDPE, 1, was conjugated to mono-6-amino-permethyl-B-
cyclodextrin at the C-terminus to improve the bioavailability of 1. In the rat brain binding assay, the conjugate
8 showed an IC5; = 134 nM vs. a § ligand and ICs; > 10 pM at the p receptor, making it less potent and
selective than 1. However, 8 shows antinociceptive properties (i.v.) in the mouse tail flick test and prolonged
activity.

In spite of excellent progress in the ficld of peptide dv.-,signl which has led to molecules of extraordinary
biological potencies and selectivities in receptor binding and bioassay studies, examples of peptide
pharmaceuticals still are relatively rare.

Metabolic resistance against proteases can be increased by incorporation of modified peptide bonds, 2
D-amino acids, conformational constraint and retro-inverso analogues.!> In vivo solubility and bioavailability
(e.g. the blood-brain barrier) can, in principle, be improved by coupling peptides to carrier systems such as
glucose transportcrs.“

The highly & opioid receptor selective cyclic peptide [p-I-Phe*IDPDPE,’ has been a lead compound in
our efforts to synthesize a potent and selective § opioid analgesic. Due to its cyclic nature and presence of two
D-amino acids, DPDPE has excellent metabolic stability, but bioavailability still remains to be fully optimized.
Since enkephalin coupled to monosacharides retains its biological act:ivity,6 we decided to conjugate [p-I-
Phc‘]DPDPE, 1, to permethylated B-cyclodextrin (B-CD, 2, Figure 1), potentially an excellent drug delivery

system, and determine the opioid activity profile of the conjugate 8. Analogue 1 was chosen for conjugation
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Scheme 1
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Figure 2. A portion of the 2D-NMR DQF-COSY revealing the AA’XX’ systems of p-I-Phe* and Tyr! in the
[p-1-Phe*]DPDPE-cyclodextrin compound 8.

because of its potent and cxceptionally selective’

& opioid receptor biological activities.

This paper

complements one of Parrot-Lopez et al.,” which did not report any biological data for their compound.
We synthesized the conjugate 8 by coupling Boc~[p—I-Phe“]DPDPE, 6, and HCI-NH,-B-CD(per-OMe)
5 according to the methods outlined in Schemne I The substrate 6 was obtained by N®-Boc protection of [p-I-

Table I Opioid receptor binding activities and in vitro GPI and MVD bioassay potencies of 1 and 8.

Ratio Ratio
IC5(nM) ICso(nM) IC5,(CTOPY/ Ag(nM) Agg(nM) | Ago(GPDY
Compound [3H]pC1DPDPE {3H]CT OoP IC5,pCIDPDPE MVD GPI Ag(MVD)
1 1.6 609 380 4.1 7300 1780
8 14548 >10pM >75 100 7500 75
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Phe*]DPDPE synthesized by a combination of solid and solution phase peptide methods. To obtain 5, we have
monotosylated8 B-CD, and converted the tosylate 3 to an azide, followed by permethylation of all free hydroxyl
groups of the saccharide moiety. The crude product was extensively dialyzed, affording 4 in modest yield.
Catalytic reduction of 4 resulted in the hydrochloride salt of amino-B-CD(per-OMe) (5) in good yield. The
conjugate 8 was extensively characterized by 'H NMR (dg-DMSQ), HPLC and quantitative amino acid
analysis.” The aromatic region DQF-NOESY spectrum of 8 is shown in Figure 2, and reveals two sets of off-
diagonal cross peaks for the AA’XX’ systems of Tyr' and p-I-Phe* residues, as expected for the desired
compound 8.

We have examined the biological properties of 8 using both its binding properties to rat brain
homogenates at § (vs [3H]pC1DPDPE) and p (vs [SH]CI‘ OP) opioid receptors as well as its classical in vitro
bicactivity in the MVD (8) and GPI (p) bioassay systems (Table 1). The data demonstrate that, while the
potency of 8 in comparison to 1 has decreased, 8 exhibits surprisingly potent antinociceptive properties (about
50% that for 1, data not shown) given i.c.v. in the mouse tail flick test, and is active given i.v. as well, and
showed no toxicity. Furthermore, the compound has a very prolonged action in both the MVD and GPI assays
(t, > 3 hours, data not shown) that could not be reversed even after repeated washings. An examination of the
reverse phase HPLC chromatograms of 8 and 1 (data not shown), clearly reveals an increased lipophilicity of
the conjugate in comparison to 1. The reduced affinity of 8 relative to 1 may be a result of adverse steric
effects at the & receptor and/or to the loss of a negative charge at the C-terminus. As for the loss of binding
potency of 8 at the p receptor but its almost equivalent potency to 1 in the GPI assay, this may be due to the
heterogeneity of opioid receptors. At present we are evaluating the abilities of 8 and related analogues to cross

the blood-brain barrier both in vitro and in vivo.

References

1. Hruby, V.J.; Al-Obeidi, F.; Kazmierski, W. Biochem. J. 1990, 268, 249-262.

2. Spatola, A.F. 1983, in: Chemistry and Biochemistry of Amino Acids, Peptides and Proteins (Weinstein,
B., ed.) Vol. 7, pp 267-357. Marcell Dekker, New York.
Goodman, M.; Chorev, M. Acc. Chem. Res. 1979, 12, 1-7.

4. Pardridge, W.M. Ann. Rev. Physiol. 1983, 45, 713-82.
Toth, G.; Kramer, T.; Knapp, R.; Lui, G; Davis, P; Burks,T; Yamamura, H.L; Hruby, V.J. J. Med. Chem.
1990, 33, 249-253.

6. Horvat, T.; Horvat, S.; Lemieux, C.; Schiller, P.W. Int. J. Peptide Protein Res. 1988, 31, 499-507.

7. Parrot-Lopez, H.; Djedaini, F.; Perly, B.; Coleman, A.W.; Galons, H.; Miocque, M. Tet. Letters 1990,
31, 1999-2002.
Croft, A.P.; Bartsch, R.A. Tetrahedron 1983, 39, 1417-1474.

9. Satisfactory analytical data were obtained for all compounds reported in this paper.




