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Introduction

Neuropathic pain effects 100 million Americans and imposes a significant public health problem. This
type of pain results from the dysfunction of the central nervous system (CNS) or the peripheral nervous
system (PNS) that can occur in the presence or absence of an initial injury. Some of the current
treatments for neuropathic pain involve opioids, non-steroidal anti-inflammatory drugs (NSAIDS), and
anticonvulsants, namely gabapentin and pregabalin [1]. Many of these treatments are highly
efficacious for acute pain but are not very effective in neuropathic pain and have serious side effects
caused by long-term administration. Treatment for this disease is difficult with conventional methods,
partly because the mechanism of this disease is not well known.

One target for neuropathic pain treatment may be the blockade of Dynorphin A (Dyn A)
(Figure 1). Dyn A, a proteolytic fragment derived from prodynorphin, has both inhibitory and
excitatory effects in the spinal cord. The inhibitory effects of Dyn A are thought to act primarily
through the opioid receptors, with the N-terminal tyrosine being essential for its high affinity and
agonist activity. The opioid action of Dyn A is abolished by removing the N-terminal tyrosine, as the
des-tyrosyl fragments of Dyn A do not bind to the opioid receptors (ICso > 10 uM) [2]. However, these
fragments are biologically active both in vitro and in vivo, and being neuroexcitatory and neurotoxic,
suggest a non-opioid pathway. These des-tyrosyl fragments of Dyn A have been found to bind to the
bradykinin 2 receptor (B2R) and cause an influx of calcium [3]. In a chronic pain model, Dyn A was
found to be up-regulated and contributes to the maintenance of neuropathic pain [3,4]. Therefore, the
development of B2R antagonists can be used to block the agonist actions of Dyn A which may lead to
therapeutics for chronic pain.

dynorphin A: H-Tyr-Gly?-Gly’-Phe*-Leu’-Arg®-Arg’-Ile’-Arg’-Pro'%-Lys'!-Leu'%-Lys"*} Trp-Asp-Asn-Gln-OH

\—/ [des-Tyr']-Dyn A-(2-13)
Fig. 1. Structure of Dyn A. Box shows non-opioid fragment, Dyn A-(2-13).

Results and Discussion

Structure Activity Relationship (SAR) of Dyn A Analogues at the B2R

To explore novel therapeutics for neuropathic pain, a SAR study was performed with Dyn A analogues
at the B2R in rat brain membranes. It was previously found that LYS1044 ([des-Arg’] Dyn A-(4-11),
H-Phe*-Leu-Arg-lle-Arg-Pro-Lys!!-OH) (ICso = 150 nM) is the shortest pharmacophore for binding at
the B2R. This ligand was effective in vivo by blocking Dyn A-induced hyperalgesia in naive animals
and reversing thermal and tactile hypersensitivities in a dose-dependent manner in nerve injured
animals [5]. Although this ligand was efficacious, it is composed of natural amino acids and therefore
is susceptible to degradation by peptidases. In an effort to improve the peptide's stability, Dyn A
analogues were designed and synthesized. It was found that N-terminal acetylation as well as
replacement of the non-natural Nle in place of Leu/lle retained affinity at the B2R (ICso ~ 150 nM).
C-Terminal amidation as well as inverso modifications resulted in a complete loss of affinity at the
B2R (ICso> 10,000 nM). Although a complete reverse of chirality resulted in loss of affinity, a D amino
acid scan found that a single substitution of DPhe*, DLeu®, or DArg® resulted in a retention of affinity
(ICso ~ 200 nM), whereas substitutions with the D-isomer at other positions resulted in a loss of affinity
(I1Cs0 = 800 - 10,000 nM).



Stability Assay of Analogues

To test the stability of the ligands, an in 1254
vitro stability assay in rat plasma was
carried out. As expected, the lead ligand,
LYS1044 was quickly degraded with a ti/
= 0.7 hr. Ligands that were substituted with
D-isomers near the N-terminus and retained
affinity at the B2R were found to be much
more stable than the parent ligand
(Figure 2). In particular SH146, was
extremely stable (ti» = 160 hr) with 99% of
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the peptide remaining after 24 hrs. This 0 T *
ligand was substituted with pLeus. The 0 6 2 18 24
importance of modifications at this position Incubation Time (h)

was further confirmed when a ligand with . . )

substitution of N-methylation Leu® was  Fig. 2. Stability assay in rat plasma. LYS1044, the lead
tested and 99% of the peptide was intact ~ ligand, had a short ti, whereas substitution with D-
after a 24 hr incubation. Similar results  isomer (SH145-Sh147) lead to large increases in
were also found in human plasma. stability.

Conclusions

We have performed an SAR study and have found a lead ligand for the B2Rs as well as ligands that
were modified for stability. A ligand modified at Leu® was found to be more stable than the parent
ligand (ty2 = 0.7 hr vs 16 hr) and was also found to be non-toxic in an in vitro cell assay. Further studies
will be carried out to test the ligand's effectiveness as an analgesic.
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