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Introduction

This thesis deals with the description of experiments done with ligands 
acting at the p opioid binding sites. It describes different steps of the 
process taking place naturally in a living organism from the binding of 
the ligand, through the mediation of the signal to the generation of 
second messenger molecules by effector proteins using in vitro 
biochemical assays.

In the first part the biochemical characterisation of a series of newly 
synthesised 14-alkoxycodeinones and 14-alkoxydihydrocodeinones is 
described by in vitro radioligand binding assays in rat brain membrane 
preparations. This particular group of morphine derived alkaloids bears 
dual importance. Firstly, molecules with similar structure have great 
antinociceptive potency, while causing no respiratory depression or 
other side effects described for morphine. Secondly, those ones, 
binding irreversibly to the opioid binding sites can be useful tools for 
further receptor identification studies.

Endogenous opioid peptides have been known for more than two 
decades now. Since the discovery of the first two endogenous opioids, 
Met- and Leu-enkephalin, dozens of new ligands were described. 
Obviously, the hardest efforts were taken to find the natural ligand of 
the p receptors, as this receptor type bears the strongest clinical 
importance. Some of these peptides described during the past two 
decades have good affinity for the p opioid receptor, but none has so 
high specificity that would let us designate it as an endogenous p 
ligand.

Finally, in the beginning of last year, Zadina and colleagues [1997] 
published the isolation and characterisation of two tetrapeptides, 
endomorphin 1 (Tyr-Pro-Trp-Phe-NFh) and 2 (Tyr-Pro-Phe-Phe-NPh), 
suggesting that they are the long-sought endogenous ligands for the p 
receptor. The unusual structural characteristics of these peptides
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compared to the „classical” endogenous opioids may be the main 
reason why up till 1997 nobody could identify them. Thus, the lack of 
the consensus starting sequence Tyr-Gly-Gly-Phe, the tetrapeptide 
length, and the C-terminal amidation are all unusual features.

These two recently discovered tetreapeptides are studied in the 
second part, their signalling properties are described in both cellular 
and animal models. [35S]GTPyS binding and adenylyl cyclase assays 
were carried out on rat striatal membranes, on membranes of CHO cells 
transfected either with p or 5 opioid receptors, and on brains of wild 
type or mutant mice lacking the p opioid receptor gene.

Objectives

The present study was dedicated to biochemical and functional analysis 
of opioid ligands acting at the p opioid receptor.

In the first part a number of new oxycodone derivatives are 
characterised. The main goals were:

• to characterise biochemically the binding parameters of the 
novel compounds

• to identify ligands acting irreversibly at the opioid binding 
sites

• to analyse the structural requirements of the irreversible 
binding

In the second part two new endogenous tetrapeptides, endomorphin 1 
and 2 are analysed functionally. The main goals were:

• to test if these peptides are able to generate the intracellular 
responses characteristic to opioids (G protein activation, 
adenylyl cyclase inhibition)
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to test if these effects are p receptor specific (reversibility by 
a p antagonist; use of different tissue/cell preparations, 
expressing or deprived of p receptors)

determination of the agonist/antagonist character of 
endomorphins

21. K. Monory, E. Tzavara, M. Spetea, M.-C. Bourin, G. Tóth, H. W. Matthes, B. L. 
Kieffer, J. Hanoimé, J. Kardos and A. Borsodi
Endomorphin 1 and endomorphin 2 specifically and exclusively activate the p 
opioid receptor (MOR)
Oral, Annual Meeting of the Society for Neuroscience, Los Angeles, USA, 1998

22. K. Monory, E. Tzavara, M. Spetea, M.-C. Bourin, G. Tóth, H. W. Matthes, B. L. Kieffer, J. 
Hanoune and A. Borsodi
Endomorphins: endogenous ligands of the p opioid receptor?
Oral, Straub days, Szeged, Hungary, 1999

Methods

Competitive radioligand binding experiments
Binding experiments were performed as in our previous studies [(II), (III)]. Tests 
were carried out in 50 mM Tris-HCl buffer (pH 7.4) in a final volume of 1 ml 
containing 0.3-0.5 mg protein. Incubations were started by addition of membrane 
suspension and continued in a shaking water bath until the steady-state was achieved. 
Non-specific binding was determined in the presence of 10 pM non-labelled 
naloxone. The reaction was terminated by rapid filtration on a Brandei M24R Cell 
Harvester through Whatmann GF/B or C glass fibre filters and washed with 3-5 ml of 
ice-cold Tris-HCl (pH 7.4) buffer. The filters were dried at 37°C and the bound 
radioactivity determined in a toluene based scintillation cocktail (using Beckmann LS 
5000TD spectrometer).
Muj/muj assay
For determining the subtype specificity of p binding the pi/рг assay described by 
Clark et al. [1988] was utilised with small modifications, pi Binding was assessed 
with [3H]DAMGO (0.7 nM), which labels pi and рг sites as well, in the presence of 
10 nM DPDPE (Tyr-D-Pen-Gly-Phe-D-Pen), which is supposed to block pi sites 
selectively, рг Binding was measured with [3H]DALE (0.7 nM), which labels 5 and pi 
sites too, in the presence of 5 nM DSLET (Tyr-D-Ser-Gly-Phe-Leu-Thr), which 
blocks 5 sites selectively. The evaluation of the experiments was otherwise the same 
as described in the “Competitive radioligand binding assoyi’’section.
Irreversibility studies
The wash-resistant binding was estimated as follows: membrane suspensions were 
preincubated at room temperature for 30 minutes with different concentrations of the 
tested ligands in a final volume of 1 ml. After incubation the suspensions were diluted 
to 30 ml with Tris buffer, and centrifuged at 31000g for 10 min. The pellet was 
resuspended in 30 ml of fresh buffer and recentrifuged after a 10-min incubation at 
25°C. This washing step was repeated 4 times. After the last centrifugation the pellet 
was resuspended in 4 ml buffer, then the total and the non-specific binding was 
determined with tritiated naloxone. Control values represent the specific binding of 
[3H]naloxone to membranes preincubated with buffer and treated in the same way. 
[3H]Naloxone concentration was 1 and 10 nM in the two sets of experiments 
described in the Results.

[35S]GTPyS binding
Assays were done in 50 mM Tris-HCl buffer (pH 7.4) containing 1 mM EGTA and 3 
mM MgCh in a final volume of 1 ml. Tubes, containing 5 (transfected cells) or 10
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(brain membranes) pg of protein, 30 pM GDP, InM - 10 pM opioid ligands and 0.05 
nM [35S]GTPyS were incubated for 1 hr, at 30°C. Total activity was measured in the 
absence of tested compounds, while non-specific binding was measured in the 
presence of 100 pM non-labelled GTPyS. The incubation was terminated by filtrating 
the samples through Whatman GF/B glass fibre filters. Filters were washed three 
times with ice-cold 50 mM Tris-HCl buffer (pH 7.4) in a Millipore filtration 
instrument. Filters were then dried, and radioactivity was measured in a Wallac 1409 
scintillation counter (Turku, Finland) using a toluene based scintillation cocktail. 
Stimulation is given as percent of the specific binding. Data were calculated from 
three independent experiments performed in triplicates.

Measurement of adenylyl cyclase activity
Membranes (15-40 pg protein per assay) were preincubated with the agonists or with 
vehicle for 10 min at room temperature. The antagonist СТАР was added 10 min 
before the addition of the agonists. The formation of cAMP was conducted at 35°C 
for 10 min in 60 pi of an assay medium consisting of 50 mM Tris (pH 7.6), 5 mM 
MgCl2, 1 mM cAMP, 1 mM ATP containing 106 cpm [a32P]ATP, in a regenerating 
system consisting of 5 mM creatine phosphate and 250 pg/ml creatine kinase. The 
reaction started with the addition of the substrate and was stopped in 500 mM HC1. 
Assay tubes were neutralised with 1.5 M imidazole followed by the separation of the 
cAMP from the ATP on alumina columns. The amount of the [a32P]cAMP formed 
was measured and corrected for the recovery of added [3H]cAMP. All assays were run 
in triplicates. This assay was carried out in the U-99 of INSERM, Creteil, France.

New results and conclusions

Biochemical characterisation of C6 substituted oxycodone derivatives

In this study, we have examined a series of newly synthesised opioid 
alkaloids in in vitro radioligand binding assays.

• The new ligands show moderately good affinity towards the opioid 
receptors, with p receptor type specificity.

• Subtype analysis of the binding shows p2 specificity, with an 
increased pi/p2 selectivity compared to oxycodone.

• Oxycodone is an agonist compound, but the substitutions at C6 with 
oxime, semicarbazone, phenyl-hydrazone and dinitrophenyl- 
hydrazone groups caused a shift towards the mixed character. This 
shift was successfully reversed by the incorporation of a 14-alkoxy
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group in our tested ligands. Especially 4-OMe derivatives proved to 
have good agonist properties.

• Irreversibility studies of the compounds revealed that the phenyl- 
hydrazone derivatives blocked a part of the high affinity (pi) opioid 
binding sites by a dose dependent manner. On the other hand, all the 
tested derivatives proved to be reversible ligands at the low affinity 
(p2) sites. It seems that besides having a double bond at C6, the 
composition of the R2 substituent is important too: on the second 
nitrogen it should contain a hydrogen and another functional group 
not containing oxygen.

• Subtype analysis of the binding and irreversibility studies at two 
different putative binding sites reveals a paradoxical feature of 
oxycodone derivative binding to opioid sites. Thus, in the 
concentration range from nanomol to micromol, compound HS 321 
acts as a high affinity p2 opioid ligand, having ten times higher 
affinity for the p2 than for the pi sites. However, in the 
concentration range from micromol to millimol this ligand acts as 
an irreversible ligand at the pi opioid binding sites, binding 
reversibly to the p2 sites.

Functional analysis of endomorphin 1 and 2

The hypothesis, that the recently discovered endomorphin 1 (Tyr-Pro- 
Trp-Phe-NH2) and endomorphin 2 (Tyr-Pro-Phe-Phe-NH2) were the 
endogenous ligands of the p opioid receptor was studied by functional 
assays in both cellular and animal models: in rat striatal membranes, in 
CHO cells transfected either with p or 5 opioid receptors and in brains 
of wild type or mutant mice those lacking the p opioid receptor gene.
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• Endomorphin 1 and 2 stimulated [35S]GTPyS binding in membranes 
from rat striatum and CHO cells stably expressing the p receptor 
and showed efficacy similar to morphine.

List of Publications

• This effect were reversed by the p receptor specific antagonist 
СТАР (D-Phe-Cys-Tyr-D-Trp-Arg-Thr-Pen-Thr-Nfh).

This thesis is based upon the following publications:

• Endomorphins did not produce such changes in membranes of CHOS 
cells or p receptor deficient animals.

Monory K., Pouille Y., Schmidhammer H., Tóth G., Hanoimé J., Borsodi A. 
(1995) Opioid binding characteristics of 14-alkoxy derivatives of 
methylmorphinan-6-ones Analgesia, 1: 590-593.

Schmidhammer H., Hrovat G., Riess M., Ungerank C., Monory K. and 
Borsodi A. (1966) Synthesis and Biological Evaluation of 14- 
Alkoxymorphinans. 13.Hydrazones, Oxymes and Semicarbazones of 14- 
Alkoxycodeinones and 14-Alkoxydihydrocodeoinones Sciencia 
Pharmaceutica 64: 655-662.

(I)

• In preparations expressing the p receptor (rat striatum, CHOp cells, 
wild type mice) adenylyl cyclase activity was inhibited by 
endomorphins to a degree similar to morphine.

(П)

• This effect was reversed by the p receptor specific antagonist

СТАР. Schmidhammer H., Daurer D., Wieser M., Monory K., Borsodi A., Elliott J., 
and Traynor J.R. (1997) Synthesis and biological evaluation of 14- 
alkoxymorphinans. 13. 14-ethoxy-5-methyl substituted indolomorphinans with 
8 opioid receptor selectivity. Bioorg. & Med. Chem. Lett. 7: 151-156.

Spetea M., Monory K., Tömböly Cs., Tóth G., Tzavara E., Benyhe S., 
Hanoimé J., Borsodi A. (1998) In vitro binding and signalling profile of the 
novel p opioid receptor agonist endomorphin 2 in rat brain membranes. 
Biochem. Biophys. Res. Comm. 250: 720-725.

Monory K., Greiner E., Sartania N., Sallai L., Pouille Y., Schmidhammer H., 
Hanoimé J., Borsodi A. (1998) Opioid Binding Profiles Of New Hydrazone, 
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Life Sei. (accepted for publication)
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Kieffer B. L., Hanoimé J. and Borsodi A. (1998) Specific Activation Of The p 
Opioid Receptor (MOR) By Endomorphin 1 And Endomorphin 2 Eur. J. 
Neurosci. (submitted)

(III)

• In mice lacking the p receptor no inhibition was observed upon 
endomorphin exposure.

(IV)• Endomorphins were not able to reverse the stimulating effect of 
DAMGO on [35S]GTPyS binding in rat striatal membranes.

(V)

These results demonstrate that endomorphins are unable to activate 
intracellular effects in the absence of p opioid receptors. The inability 
to reverse the stimulating effect of DAMGO on [35S]GTPyS binding in 
rat striatal membranes shows the full agonist property of these 
peptides. Taken together, our functional assays undoubtedly indicate 
that both endomorphin 1 and endomorphin 2 activate p receptors 
specifically and exclusively.

(VI)
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MÜ opioid receptor szelektív agonista ligandumok vizsgálata in vitro receptor 
kötési tesztekben
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(brain membranes) pg of protein, 30 pM GDP, InM - 10 pM opioid ligands and 0.05 
nM [35S]GTPyS were incubated for 1 hr, at 30°C. Total activity was measured in the 
absence of tested compounds, while non-specific binding was measured in the 
presence of 100 pM non-labelled GTPyS. The incubation was terminated by filtrating 
the samples through Whatman GF/B glass fibre filters. Filters were washed three 
times with ice-cold 50 mM Tris-HCl buffer (pH 7.4) in a Millipore filtration 
instrument. Filters were then dried, and radioactivity was measured in a Wallac 1409 
scintillation counter (Turku, Finland) using a toluene based scintillation cocktail. 
Stimulation is given as percent of the specific binding. Data were calculated from 
three independent experiments performed in triplicates.

Measurement of adenylyl cyclase activity
Membranes (15-40 pg protein per assay) were preincubated with the agonists or with 
vehicle for 10 min at room temperature. The antagonist СТАР was added 10 min 
before the addition of the agonists. The formation of cAMP was conducted at 35°C 
for 10 min in 60 pi of an assay medium consisting of 50 mM Tris (pH 7.6), 5 mM 
MgCl2, 1 mM cAMP, 1 mM ATP containing 106 cpm [a32P]ATP, in a regenerating 
system consisting of 5 mM creatine phosphate and 250 pg/ml creatine kinase. The 
reaction started with the addition of the substrate and was stopped in 500 mM HC1. 
Assay tubes were neutralised with 1.5 M imidazole followed by the separation of the 
cAMP from the ATP on alumina columns. The amount of the [a32P]cAMP formed 
was measured and corrected for the recovery of added [3H]cAMP. All assays were run 
in triplicates. This assay was carried out in the U-99 of INSERM, Creteil, France.

New results and conclusions

Biochemical characterisation of C6 substituted oxycodone derivatives

In this study, we have examined a series of newly synthesised opioid 
alkaloids in in vitro radioligand binding assays.

• The new ligands show moderately good affinity towards the opioid 
receptors, with p receptor type specificity.

• Subtype analysis of the binding shows p2 specificity, with an 
increased pi/p2 selectivity compared to oxycodone.

• Oxycodone is an agonist compound, but the substitutions at C6 with 
oxime, semicarbazone, phenyl-hydrazone and dinitrophenyl- 
hydrazone groups caused a shift towards the mixed character. This 
shift was successfully reversed by the incorporation of a 14-alkoxy
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to test if these effects are p receptor specific (reversibility by 
a p antagonist; use of different tissue/cell preparations, 
expressing or deprived of p receptors)

determination of the agonist/antagonist character of 
endomorphins
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Methods

Competitive radioligand binding experiments
Binding experiments were performed as in our previous studies [(II), (III)]. Tests 
were carried out in 50 mM Tris-HCl buffer (pH 7.4) in a final volume of 1 ml 
containing 0.3-0.5 mg protein. Incubations were started by addition of membrane 
suspension and continued in a shaking water bath until the steady-state was achieved. 
Non-specific binding was determined in the presence of 10 pM non-labelled 
naloxone. The reaction was terminated by rapid filtration on a Brandei M24R Cell 
Harvester through Whatmann GF/B or C glass fibre filters and washed with 3-5 ml of 
ice-cold Tris-HCl (pH 7.4) buffer. The filters were dried at 37°C and the bound 
radioactivity determined in a toluene based scintillation cocktail (using Beckmann LS 
5000TD spectrometer).
Muj/muj assay
For determining the subtype specificity of p binding the pi/рг assay described by 
Clark et al. [1988] was utilised with small modifications, pi Binding was assessed 
with [3H]DAMGO (0.7 nM), which labels pi and рг sites as well, in the presence of 
10 nM DPDPE (Tyr-D-Pen-Gly-Phe-D-Pen), which is supposed to block pi sites 
selectively, рг Binding was measured with [3H]DALE (0.7 nM), which labels 5 and pi 
sites too, in the presence of 5 nM DSLET (Tyr-D-Ser-Gly-Phe-Leu-Thr), which 
blocks 5 sites selectively. The evaluation of the experiments was otherwise the same 
as described in the “Competitive radioligand binding assoyi’’section.
Irreversibility studies
The wash-resistant binding was estimated as follows: membrane suspensions were 
preincubated at room temperature for 30 minutes with different concentrations of the 
tested ligands in a final volume of 1 ml. After incubation the suspensions were diluted 
to 30 ml with Tris buffer, and centrifuged at 31000g for 10 min. The pellet was 
resuspended in 30 ml of fresh buffer and recentrifuged after a 10-min incubation at 
25°C. This washing step was repeated 4 times. After the last centrifugation the pellet 
was resuspended in 4 ml buffer, then the total and the non-specific binding was 
determined with tritiated naloxone. Control values represent the specific binding of 
[3H]naloxone to membranes preincubated with buffer and treated in the same way. 
[3H]Naloxone concentration was 1 and 10 nM in the two sets of experiments 
described in the Results.

[35S]GTPyS binding
Assays were done in 50 mM Tris-HCl buffer (pH 7.4) containing 1 mM EGTA and 3 
mM MgCh in a final volume of 1 ml. Tubes, containing 5 (transfected cells) or 10




