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Abstract: The synthesis and biological activity of two fragments of  the very potent opioid peptide biphalin, showed 
that Tyr-D-Ala-Gly-Phe-NH-NH<-Phe is the minimal fragment necessary to express equal affinities and the same 
biological activity profile as the parent biphalin. The replacement of N'-Phe with other L- or D- lipophilic amino 
acids showed the possibility of  modification of receptor efficacy of the analogues. © 1999 Elsevier Science Ltd. All 
rights reserved. 

One of the major goals of modem medicinal chemistry of peptides is to develop analogues with high 

potency, stability, and selectivity for a particular biological function. The most general approach is to develop 

compounds with high selectivity for a particular type of biological receptor. The other, less explored approach, is 

to develop compounds that will interact with a broad spectrum of the receptors which are engaged in a particular 

biological effect ~ (balanced agonists). In the second approach, the final biological effect will be not only a sum of 

the separate interactions with particular receptors, but also effects of synergistic cross interactions between them. 

Searching for new opioid analgesics is a good illustration of both approaches. It was postulated over twenty years 

ago that endogenous opioids and opiate drugs block pain signals through interactions with specific multiple 

receptors located in neuronal cell membranes, of which the ~t, 6, and K receptors are the most commonly accepted. 

The endogenous enkephalin opioid peptides, which are natural ligands to these receptors, are not very selective for 

any of the opioid receptors. 2 The very low half-life of endogenous peptides in biological systems disqualifies them 

as potential drugs. The synthetic opioid peptide biphalin 3 is a highly potent enkephalin analogue with a biological 

profile similar to endogenous enkephalins, but with a 1000-fold plus increased potency and a pharmacological 

profile that makes it a good candidate for further development as an analgesic drug.l'4-6 

Biphalin is a dimeric enkephalin analogue in which the C-terminal amino acid is replaced by a second 

tetrapeptide active fragment of the enkephalin analogue, and the two fragments are connected "tail-to-tail" by a 

hydrazide bridge (Figure 1). 
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T y r  1-D-Aia2-Gly3-Phe4-NH-NH<_Phe4'<-Giy 3 '<-D-Ala2 '<-Tyr  1' 

Figure 1. Amino acid sequence ofbiphalin 

A study of  the metabolism of biphalin indicates that des (Tyr-D-Ala-Gly)biphalin, 3, may be one of the 

major metabolites ofbiphalin. Therefore, we have synthesized de novo this peptide and its analogues for evaluation 

of their biological activities and for structural studies. 

Materials and Methods 

The syntheses were performed in solution with the "Boc-strategy" by coupling of  Boc-Tyr-D-Ala-Gly [3] 

to Phe-OMe. Then, the Boc-tetrapeptide methyl ester was dissolved in iso-propanol and a 4 molar excess of 

H2NNH2.H20 was added. In two days Boc-Tyr-D-Ala-GIy-PheNH-NH 2 precipitated from the reaction mixture in 

98% yield. The crude hydrazide was filtered off and washed with citric acid (2 times) and water. After drying over 

P205 the compound was used for further reactions. In the case ofpeptides 3 - 8 (Table 1), the respective Boc-amino 

acids was coupled by the method previously described, using I-IBTU. 7 The Boc-protection was removed from the 

respective peptide using 2 N HC1 in acetic acid. The crude products were purified by RP-HPLC and characterized 

by FABMS and amino acid analysis. The purity of the products was assessed by HPLC (one single peak, UV 

detection at 225,254, and 280 nm, using two different linear gradients). 

Re~ept~r binding and b i ~ a ~  in vitr~ activities were perf~rmed by meth~ds previ~us~y described. 8 0pioid 

receptor binding affinities were determined using [3H] DAMGO or [3H] CTOP, and [3HI [p-C1Phe 4] DPDPE or [3H] 

Deltorphin II for ~t and 6 receptors, respectively. The receptor binding and in vitro biological values (Table 1) 

presented are the mean of triplicate experiments; the standard errors were less than 20% of the presented values. 

Results and Discussions 

Several explanations have been proposed for biphalin's high potency. Most of  interpretations focused on 

the role of  two pharmacophores in one molecule (e.g. simultaneous binding to two receptor sites) or a higher 

probability of  interaction with the receptor of a molecule containing two pharmacophores. 3 The other possibility 

discussed previously takes into account the broad spectrum of receptor affinities of biphalin, and the possible 

synergistic interactions between these receptors and/or interactions with the proposed ~t/6 complex: In addition 

to this, the possible importance of  biphalin metabolites, which may contain one pharmacophore, also has been 

suggested) 

The biological activities of  fragrnents ofbiphalin (Table 1) indicate that at least for Ix receptor binding, the 

presence of two pharmacophores is not necessary. Even the hydrazide tetrapeptide 2 shows good affinity for the la 

receptor similar to the affinity ofbiphalin. However, this peptide had 100-times lower affinity for 6 receptors. The 
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Table 1. Binding Affinities and Bioassays of  Biphalin Fragments and Analogues 

Compound 

1 (Tyr-D-AIa-Gly-Phe-NH-)2 Biphalin 
2 Tyr-D-Ala-Gly-Phe-NH-NH 2 
3 Tyr-D-AIa-GIy-Phe-NH-NH<-Phe 
4 Tyr-D-Ala-Gly-Phe-NH-NH<-D-Phe 
s Tyr-D-Ala-GIy-Phe-NH-NH<-Nle 
6 Tyr-D-Ala-GIy-Phe-NH-NH<-D-Nle 
7 Tyr-D-Ala-Gly-Phe-NH-NH<-Tyr 
a Tyr-D-Ala-GIy-Phe-NH-NH<-Trp 
9 Tyr-D-Ala-Gly-Trp-NH-NH<-Phe 

Binding IC50 (nM) Bioassay ECs0 (nM) 
6 ~t MVD GPI 

2.6 1.4 27 8.8 
230 4.7 290 90 
15 0.74 27. 2.4 
30 0.88 32. 9.8 
71 5.9 95 5.2 
21 1.3 20 24 
16 1.6 45. 15 
29 2.0 15 7.1 
46 8.3 130 26.0 

affinity for 6 receptors can be significantly restored by acylation of the hydrazide with phenylalanine so as to 

become more balanced agonists. Surprisingly, replacing the aromatic phenylalanine with non-aromatic, but 

lipophylic, amino acids did not greatly change the binding properties of these analogues (Table 1). Also changing 

the chirality of  the amino acid in this position (3 vs 4; 5 vs 6) led to only modest reduced affinity by a factor of 4 

or less. 

Interestingly, the binding properties of the analogues did not fully correlate with in vitro biological properties 

(Table 1). The binding data of  the ligand measures the binding interaction per se, but does not distinguish between 

binding to the receptor in its active or in its inactive form. On the other hand, the measured biological activity is a 

result of binding to respective receptors followed by activation oftransduction mechanisms. The ratio of the in vitro 

data and the receptor binding data, though in different systems, may provide some measure of the efficacy of the 

compound. For example, in the case ofbiphalin 1, the K~/ICs0 are 1:10 and 1:4, for 6/MVD and ~t/GPI, respectively. 

For the compound 3, the respective values are 1:2 and 1:3, which may suggest that compound 3, interacting with 

6 receptors, is more efficacious than biphalin. Thus as discussed in the Introduction, balanced agonists may be an 

important approach to take. Examination of all the data in Table 1 suggests that even at the same level of binding, 

the obtained compounds may express significant differences in efficacy. Further studies of efficacy by quantitative 

measurement of  the ability of the analogues to stimulate second messenger systems 9 are in progress. 
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