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Tyr-Tic-Phe-Phe-OH (TIPP) and the shorter Tyr-Tic-Phe-OH (TIP) peptides are potent and
highly selective antagonists at the δ-opioid receptor and, therefore, are ideal candidates for
the attachment of labels to assist in the study of δ-opioid receptors. Peptides extended at the
C-terminus with residues which can be used as handles for further modification and/or labeling
(i.e. Asx, Glx, and Lys) were synthesized. The TIPP-D/L-Asx/Glx derivatives exhibited similar
δ-receptor affinity to TIPP (Ki ) 5-10 nM vs Ki ) 6 nM), and neither the location of the
carboxylic acid moiety nor the stereochemistry of the C-terminal residue significantly affected
the δ-receptor affinity of these derivatives. Extension of TIPP with an additional residue did
not increase µ-receptor affinity, even though the position of the acidic group, which imparts
δ-receptor selectivity to TIPP, was shifted relative to the carboxylic acid moiety of TIPP. The
δ-receptor affinities of the TIP-D/L-Asx/Glx derivatives were found to be influenced mainly by
the position of the carboxylic acid function rather than the stereochemistry of the C-terminal
residue. TIP(P)-D/L-Lys(Ac)-OH derivatives exhibited moderate δ-receptor affinity (Ki

δ ) 16-
28 nM). The most potent compounds found in the extended TIP(P) series were TIPP-D-Gln-OH
and TIP-D-Gln-OH (Ki

δ ) 5 nM) which had similar affinities to TIPP.

Introduction

Opioid receptors play a critical role in the mediation
and modulation of analgesia. Morphine and its deriva-
tives are widely used clinically to alleviate pain, but
utilization of these µ-selective opiates is limited due to
their inherent side effects such as physical dependence
and respiratory depression. δ-Receptor agonists are
being increasingly investigated because they produce
analgesia without the dependence or respiratory de-
pression associated with µ-selective opiates.1 δ-Receptor
antagonists have been examined for possible therapeutic
use as immunosuppressants2 and in the treatment of
cocaine and alcohol addiction.3,4

The availability of highly selective ligands for indi-
vidual receptor types aids in the development of poten-
tial therapeutic agents. Moreover such ligands, either
agonist or antagonist, are valuable pharmacological
tools to understand the pharmacophoric requirements
for binding with different receptors and the various
biological effects produced by individual receptor types.5
Strategically labeled ligands (e.g. with a fluorescent
label) have been used as pharmacological tools to study
receptor function and to aid in the identification of
individual receptor types. Peptide ligands for opioid
receptors, particularly enkephalins, have been labeled
with fluorescent functionalities such as rhodamine,6
pyrene,7 dansyl,8,9 and fluorescein.10,11 Similarly, non-
peptide opiates have been labeled with nitrobenzoxa-
diazole (NBD)12 and BODIPY.13 Fluorescent probes for
other receptors have been utilized to study the kinetics
of receptor-ligand association and dissociation rates,14

as well as the interactions between ligand, receptor, and
G-proteins (GTP-binding proteins).15,16 Other receptor
properties, such as the localization of the receptor-
binding domain,17 have also been examined using
fluorescent-labeled ligands. In addition, opioid peptides
labeled with biotin have been used in the study of
ligand-receptor complexes.11,18-21 These labels can be
readily attached to either a free carboxylic acid or an
amino group on the peptides in one of two ways: either
to a side chain functional group of a noncritical residue
or by extending the peptide backbone in a manner which
has minimal influence on binding at the receptor
binding site.

We are interested in developing potent and selectively
labeled opioid peptides as pharmacological tools to
study δ-opioid receptor structure and function. The first
δ-receptor antagonists were N,N-dialkylated enkephalin
derivatives: e.g. N,N-diallylleucine enkephalin (ICI
154,129), N,N-diallyl-Tyr-Aib-Aib-Phe-Leu-OH (ICI
174,864)22,23 (later shown to be an inverse δ-agonist),24

and N,N-dibenzylleucine enkephalin.25 Subsequently,
TIPP-OH (Tyr-Tic-Phe-Phe-OH), which contains a 1,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid (Tic) residue at
the 2-position, was identified.26 This peptide represents
the prototype of a new class of potent and highly
selective δ-opioid antagonists.26 TIPP exhibits high
δ-receptor affinity (Ki ) 1.22 nM) and selectivity (Ki

µ/
Ki

δ ) 1410) in radioligand binding assays, as well as
high antagonist potency against various δ-agonists in
the mouse vas deferens (MVD) assay (Ke ) 3-5 nM).26

Also, TIPP does not display any µ- or κ-antagonist
properties in the guinea pig ileum (GPI) assay at
concentrations as high as 10 µM. Removal of the Phe
residues from TIPP led to the identification of the tri-
and dipeptide antagonists Tyr-Tic-Phe-OH (TIP) and
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Tyr-Tic-OH, which exhibit weaker affinity (Ki
δ ) 9 and

128 nM, respectively) for the δ-receptor compared to
TIPP.26-28 Both TIPP and TIP are more potent than
ICI-174,864 and are more δ-selective than both ICI-
174,864 and the nonpeptide δ-receptor antagonist nal-
trindole.26

Structure-activity relationship (SAR) studies have
led to numerous modifications of residues in TIP(P).26

A variety of aromatic and nonaromatic amino acids have
been substituted for Phe3. 27,29-31 These substitutions
showed that an aromatic residue in position 3 is not
critical for δ-antagonist activity.27 Replacement of Phe3

in TIPP by aliphatic residues such as Leu, Ile, or Nva
(norvaline) had little effect on δ-receptor antagonist
potency and selectivity; however, substitution with
cyclohexylalanine improved both affinity and selectiv-
ity.29 Several substitutions on the phenyl ring of Phe4

(e.g. p-NO2 and p-Cl, -Br, -I) are also well-tolerated.31

N-Alkyl and N-aralkyl modifications of the Tyr residue
of TIPP resulted in peptides with increased potency and
selectivity for the δ-receptor.31 Substitution of 2′,6′-
dimethyltyrosine (Dmt) for Tyr in TIPP increases af-
finity for both µ- and δ-receptors, with the larger
increases in µ-receptor affinity reducing δ-receptor
selectivity.31 An important TIPP analogue TIPP[Ψ],32

in which the peptide bond between Tic2 and Phe3 was
reduced, was synthesized to overcome the chemical
instability of TIP(P) in organic solvents such as DMSO
and MeOH.33 Although TIP(P) is stable in aqueous
buffer (pH 7.7), it undergoes slow conversion to the Tyr-
Tic diketopiperazine in organic solvents. TIPP[Ψ] was
found to be a potent δ-selective antagonist and resistant
to both chemical and enzymatic degradation.32

To date there are only scant reports in the literature
dealing with C-terminal modified or extended TIP(P)
peptides.34 Amidation of TIPP-OH to give TIPP-NH2
results in minimal reduction in δ-receptor affinity but
increased affinity for µ-receptors.26 In smooth muscle
preparations, TIPP-NH2 is a mixed µ-agonist/δ-antago-
nist.26 The TIP(P) sequence has been introduced into
the N-terminus of deltorphin I,35,36 dermorphin,36 and
dynorphin A-(1-11)NH2,36 resulting in peptides which
exhibit enhanced affinity and selectivity for δ-receptors
compared to the parent peptides.

The aim of the current study was to identify lead
peptides for incorporation of labels such as fluorescein
for subsequent studies of the δ-opioid receptor. The high
δ-receptor affinity and selectivity exhibited by TIPP
makes it an ideal candidate for labeling to assist in the
study of δ-opioid receptors. To label the peptides without
reducing their δ-receptor affinity and/or selectivity, we
synthesized peptides extended at the C-terminus. The
additional residues examined contained either an acidic
or amine functionality, which could be further modified
to incorporate the labeling group; a C-terminal acidic
functionality was maintained in the peptides in order
to retain δ-receptor selectivity. TIP also exhibits high
δ-receptor affinity and selectivity, and since extended
TIP peptides would contain an acidic functionality in
the same position as TIPP, extended TIP peptides were
also prepared. We wanted to evaluate optimal stereo-
chemistry for the extending residue and at the same
time determine whether the side chain or backbone
extension was best suited for incorporating the label.

Thus D/L-Asn/Gln-extended TIP(P) derivatives are sim-
plified analogues of labeled peptides where the label is
on the side chain, and peptides extended with D/L-Asp/
GluNH2 correspond to labeled derivatives in which the
label is attached to the backbone. Attaching groups to
Lys is a popular method to incorporate labels into
peptides, and therefore TIP(P)-D/L-Lys(Ac)-OH were
prepared as simplified analogues of these labeled pep-
tides. Here we present results for these extended TIP-
(P) analogues Tyr-Tic-Phe-(Phe)-X, where X ) D/L-Asx,
-Glx, or -Lys(Ac). To determine the optimal residues,
these initial peptides were evaluated for affinity at δ-
and µ-receptors. Those molecules with the best affinity
and selectivity for the δ-receptors will be further modi-
fied in future studies by attaching a labeling functional-
ity such as a fluorescent group.

Results and Discussion

Chemistry. All peptides were prepared by solid-
phase synthesis using the standard Fmoc/tert-butyl
protection strategy. The D/L-Asp-NH2 derivatives of
TIP(P) were synthesized by attaching Fmoc-D/L-Asp-
(OtBu) to the PAL-PEG-PS (peptide amide linker-poly-
(ethylene glycol)polystyrene) resin. The D/L-Asn deriva-
tives of TIP(P) were synthesized by attaching the side
chain acidic functionality of Fmoc-D/L-Asp-OtBu to the
same resin. Similar strategies were utilized to obtain
the D/L-Glu and D/L-Gln derivatives. The D/L-Lys(Ac)
derivatives were prepared on the Wang resin to yield
the peptide acids. N,N-Diisopropylcarbodiimide (DIC)
and hydroxybenzotriazole (HOBt) were used for all
couplings involving standard amino acids. This reagent
can give poor results in couplings with hindered amino
acids; therefore (benzotriazol-1-yloxy)tris(pyrrolidino)-
phosphonium hexafluorophosphate (PyBOP),37 which is
reported to be a highly efficient coupling reagent, was
used for coupling Boc-Tyr(OtBu)-OH to the hindered
secondary amine of Tic2 in the peptides. Following
synthesis and purification, the identity and purity of the
final compounds were verified using mass spectrometry
and analytical HPLC; the analytical data for the pep-
tides is shown in Table 1.

Opioid Receptor Affinities. The peptides were
evaluated for their binding affinity to δ- and µ-receptors
in radioligand binding assays using cloned receptors
stably expressed in CHO (Chinese hamster ovary) cells.
The affinities for the δ- and µ-receptors, determined by
competitive inhibition of the radioligands [3H]DPDPE
and [3H]DAMGO, respectively, are summarized in Table
2, compared to the parent peptides TIPP and TIP. The
δ-opioid receptor affinity of TIPP and TIP determined
in our laboratory using cloned receptors in CHO cells
were somewhat lower than those reported by Schiller
and co-workers (Ki

δ ) 1.22 and 9.07 nM, respectively)
for binding of TIPP and TIP to rat brain membranes.26

Chain extensions of TIPP with D/L-Asx and D/L-Glx
caused less than a 2-fold decrease in δ-receptor affinity
compared to TIPP. For the TIPP-Asx derivatives, chang-
ing the stereochemistry of Asx did not influence δ-recep-
tor affinity or selectivity. Similarly, changing the posi-
tion of the carboxylic acid moiety, from the R-carbon in
the case of TIPP-D/L-Asn-OH to the â-carbon in the case
TIPP-D/L-Asp-NH2, did not significantly affect affinity.
Among the Glx derivatives, the affinity for the δ-recep-
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tors was affected to a small extent by stereochemistry.
Thus, TIPP-D-Gln-OH/D-Glu-NH2 (Ki ) 5 and 8 nM) had
slightly higher affinity than TIPP-L-Gln-OH/L-Glu-NH2
(Ki ) 10 nM). Also TIPP-D-Gln-OH/D-Glu-NH2 exhibited
slightly higher affinity than the corresponding TIPP-
D-Asn-OH/D-Asp-NH2 derivatives (Ki ) 8-10 nM). TIPP-
L-Glu-NH2/L-Gln-OH and TIPP-L-Asp-NH2/L-Asn-OH
had similar affinities (Ki ) 7-9 nM). Schiller and co-
workers have reported that modification of the carboxy-
lic acid moiety, i.e. amidation, reduced δ-receptor se-
lectivity by improving µ-affinity. Therefore, it was
anticipated that extending the peptide chain by an
additional residue or changing the position of the
carboxylic acid functionality in the extended TIPP
derivatives (from the R-carbon to the â- or γ-carbon)
would influence µ-receptor affinity. However, of these

analogues, only TIPP-D-Glu-NH2 showed increased µ-re-
ceptor affinity (Ki

µ ) 1950 nM) and therefore decreased
δ-receptor selectivity (Ki

µ/Ki
δ ) 249).

It has been demonstrated in the past that labels can
be easily attached to Lys residues within peptide chains
using solid-phase techniques. Thus the extended pep-
tides TIPP-D/L-Lys(Ac)-OH were also synthesized and
evaluated. The acetyl group was used to eliminate the
basicity of the ε-amine and mimic the attachment of a
labeling group. TIPP-D/L-Lys(Ac)-OH (Ki

δ ) 16-21 nM)
derivatives exhibited a larger (3-4-fold) decrease in
δ-receptor affinity compared to the TIPP-D/L-Asx/Glx;
a change in stereochemistry of the Lys residue had only
a minimal effect on δ-receptor affinity.

Chain extension of TIP led to peptides with signifi-
cantly improved binding affinity for the δ-receptor
compared to the tripeptide. The binding affinity of TIP-
D-Gln-OH (Ki ) 5 nM) was identical to that of TIPP,
indicating that the δ-receptor could tolerate a hydro-
philic residue in position 4. The effect of amino acid
substitution was significantly greater in the TIP-X
series than observed in the TIPP-X series. The δ-recep-
tor affinities varied from equipotent with TIPP for the
most potent analogue TIP-D-Gln-OH to 12-15-fold lower
affinity than TIPP (for TIP-Asn-OH and TIP-D-Asp-
NH2). The identity of the amino acid significantly
affected δ-receptor affinity, with the order of potency
being D-Gln-OH > D-Asn-OH > L-Glu-NH2 ∼ L-Asp-NH2
> L-Gln-OH > D-Glu-NH2 > L-Asn-OH ∼ D-Asp-NH2.
These results suggested that the position of the car-
boxylic acid (Figure 1) was more important than the
absolute stereochemistry of the amino acid. None of the
TIP-X analogues displayed increased µ-receptor affinity
compared to TIP or TIPP. The Lys-containing TIP
derivatives, TIP-D/L-Lys(Ac)-OH (Ki

δ ) 21-28 nM),
possessed affinities similar to those of TIPP-D/L-Lys(Ac)-
OH; they were intermediate in potency compared to
other TIP-X derivatives, where X ) D/L-Asx/Gln.

Conclusions

Extension of TIPP with hydrophilic residues yielded
a number of peptides with high δ-receptor affinity and
selectivity. Extension of TIPP with an additional residue
did not increase µ-receptor affinity, even though the
position of the acidic group, which imparts δ-receptor
selectivity to TIPP, was shifted relative to the carboxylic

Table 1. Analytical Data for Extended TIP(P) Derivatives

FAB-MS [M + H+] HPLC tR (min)a

peptide found calcd A B C

TIPP 635.3 635.3 22.9 15.5 7.6
TIPP-Asp-NH2 749.3 749.3 20.3 13.0 10.2
TIPP-Asn-OH 749.4 749.3 20.5 13.7 10.5
TIPP-D-Asp-NH2 749.3 749.3 20.3 13.2 10.4
TIPP-D-Asn-OH 749.6 749.3 20.2 13.0 10.3
TIPP-Glu-NH2 763.4 763.3 31.0 12.8 10.3
TIPP-Gln-OH 763.4 763.3 27.7 13.5 12.9
TIPP-D-Glu-NH2 763.4 763.3 23.0 12.9 12.8
TIPP-D-Gln-OH 763.4 763.3 25.7 12.7 11.1
TIPP-Lys(Ac)OH 805.3 805.4 24.5 13.7 10.4
TIPP-D-Lys(Ac)OH 805.4 805.4 21.2 15.0 12.7

TIP 488.2 488.2 28.8 11.3 7.1
TIP-Asp-NH2 602.3 602.3 21.5 9.1 8.2
TIP-Asn-OH 602.3 602.3 21.7 9.5 7.2
TIP-D-Asp-NH2 602.3 602.3 19.9 9.3 7.2
TIP-D-Asn-OH 602.2 602.3 18.8 8.6 6.8
TIP-Glu-NH2 616.2 616.3 16.5 8.7 6.9
TIP-Gln-OH 616.3 616.3 20.5 8.4 6.9
TIP-D-Glu-NH2 616.3 616.3 17.9 8.6 10.3
TIP-D-Gln-OH 616.2 616.3 27.9 8.6 7.0
TIP-Lys(Ac)OH 658.3 658.3 19.9 15.2 7.0
TIP-D-Lys(Ac)-OH 658.4 658.3 21.0 13.8 9.1

a See Experimental Section for HPLC solvent systems.

Table 2. Opioid Receptor Affinities for Extended TIP(P)
Analoguesa

peptide Ki
δ (nM) Ki

µ (nM)

TIPP 6.1 ( 0.5 >4500
TIPP-Asp-NH2 9.5 ( 1.7 >4000
TIPP-Asn-OH 7.1 ( 1.2 >4500
TIPP-D-Asp-NH2 10.3 ( 1.9 3280 ( 720
TIPP-D-Asn-OH 8.1 ( 1.3 3200 ( 540
TIPP-Glu-NH2 9.9 ( 2.5 >4500
TIPP-Gln-OH 9.7 ( 3.4 >4500
TIPP-D-Glu-NH2 7.8 ( 0.6 1950 ( 200
TIPP-D-Gln-OH 5.1 ( 0.4 >4500
TIPP-Lys(Ac)OH 21.5 ( 5.4 >4500
TIPP-D-Lys(Ac)OH 16.3 ( 1.7 >4500

TIP 148.0 ( 25.8 >4500
TIP-Asp-NH2 21.4 ( 4.9 >4500
TIP-Asn-OH 61.1 ( 23.3 >4500
TIP-D-Asp-NH2 69.0 ( 12.7 >4500
TIP-D-Asn-OH 13.7 ( 1.5 >4500
TIP-Glu-NH2 19.9 ( 1.6 4500 ( 280
TIP-Gln-OH 37.7 ( 4.8 >4500
TIP-D-Glu-NH2 34.9 ( 11.7 >4500
TIP-D-Gln-OH 5.0 ( 1.6 >4500
TIP-Lys(Ac)OH 27.8 ( 4.6 >4500
TIP-D-Lys(Ac)-OH 21.6 ( 1.1 >4500
a Ki values are the average ( SEM of 3-7 independent

determinations.

Figure 1. Comparison of the structures of D/L-Asx/Glx
residues and the relative potencies of TIP-D/L-Asx/Glx ana-
logues.
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acid moiety of TIPP. The influence of the residue in
position 4 of TIP-X was considerably more variable. For
the TIP-Asx/Glx series, δ-receptor affinity appeared to
correlate with the relative position of the acidic func-
tionality rather than the stereochemistry of the amino
acid. TIP(P)-D/L-Lys(Ac)-OH derivatives exhibited mod-
erate δ-receptor affinity (16-28 nM) but were less
potent than the most potent TIP(P)-Asx/Glx derivatives
(Ki

δ ) 5 nM). TIPP-D-Gln-OH and TIP-D-Gln-OH ex-
hibited the highest δ-receptor affinity of the analogues
examined and were equipotent with TIPP, suggesting
these as lead peptides for attachment of a labeling
functionality. These studies are ongoing in our labora-
tory.

Experimental Section

General Methods. All Fmoc-protected amino acids were
purchased from Bachem (King of Prussia, PA) or Perseptive
Biosystems, Inc. (Framingham, MA). The phenol of Tyr was
protected as the tert-butyl ether. The Wang resin, HOBt, and
PyBOP were obtained from Novabiochem USA (San Diego,
CA). N,N-Diisopropylethylamine (DIPEA) and PAL-PEG-PS
(peptide amide linker-poly(ethylene glycol) polystyrene) resin
were purchased from Perseptive Biosystems, Inc. Trifluoro-
acetic acid (TFA) was obtained from Pierce Chemical Co.
(Rockford, IL), and DIC and piperidine were purchased from
Aldrich Chemical Co. (Milwaukee, WI). HPLC-grade solvents
(dichloromethane (DCM), acetonitrile, and N,N-dimethylac-
etamide (DMA)) for synthesis and HPLC analysis were from
Burdick & Jackson Inc., Muskegon, MI, or EM Sciences.

Stepwise solid-phase peptide synthesis was carried out on
a Biosearch 9500 automated peptide synthesizer by the
standard Fmoc/tert-butyl strategy.38 The D/L-Asp, -Asn, -Glu,
and -Gln derivatives of TIP(P) were synthesized using the
Fmoc-PAL-PEG-PS resin (0.5 g, 0.4 mmol/g), whereas the D/L-
Lys(Ac) derivatives were synthesized on a Wang resin (0.5 g,
0.56 mmol/g). Fmoc-D-Lys(Ac)-OH or Fmoc-L-Lys(Ac)-OH (1.15
g, 10 equiv) was attached to the Wang resin as the symmetric
anhydride prepared using DIC (0.22 mL, 5 equiv) along with
N,N-(dimethylamino)pyridine (34 mg, 0.1 equiv) for 16 h. The
resin was swelled by washing with DCM (3 × 2 min), followed
by DMA/DCM (1:1) (3 × 2 min). The amino acids (4-fold excess)
were coupled to the resin sequentially using DIC/HOBt as the
coupling reagent for all amino acids except the N-terminal Boc-
Tyr(OtBu)-OH residue. The completeness of the coupling
reactions was monitored by the qualitative ninhydrin test. Boc-
Tyr(OtBu)-OH (4 equiv) was coupled using PyBOP/HOBt/
DIPEA (4:4:8 equiv) until a negative chloranil test39 was
obtained (6 h). After coupling the last amino acid, the resin
was washed with DMA, DCM and MeOH, dried in vacuo, and
cleaved with 90% aqueous TFA for 2 h. The resin was then
filtered and washed with a small amount of TFA (1-2 mL),
and the TFA was removed in vacuo. The resulting yellow oil
was dissolved in 10% acetic acid (a small amount of MeCN
was also used to aid in the dissolution) and the peptide
lyophilized. Due to the high hydrophobicity of the peptides,
extraction with ether was avoided.

HPLC Analysis. Analytical HPLC analysis of the peptides
was carried out on a Beckman system GOLD consisting of a
programmable solvent module 126 and a diode array detector
model 168. The HPLC analysis and purification were per-
formed with a binary solvent system, where solvent A was
aqueous 0.1% TFA and solvent B was MeCN containing 0.1%
TFA. Analytical HPLC employed a Vydac 218-TP column (4.6
× 250 mm) equipped with a Vydac guard cartridge using a
standard linear gradient of 5-80% solvent B over 50 min, at
a flow rate of 1 mL/min, for the crude peptides (system A, Table
1); the elution was monitored at 214 and 280 nm. Purification
of the peptides was performed on a Rainin HPXL HPLC
system equipped with a Shimadzu SPD-10A detector and
utilized a Vydac column 218-TP column (22 × 250 mm) with
a Vydac guard cartridge using a linear gradient of 20-50%

solvent B over 30 min; purification was monitored at 214 nm.
The purity of the final peptides was also verified in two HPLC
solvent systems using a flow rate of 1 mL/min: system B, 20-
50% linear gradient of aqueous MeCN containing 0.1% TFA
over 20 min, and system C, 40-70% linear gradient of aqueous
MeOH containing 0.1% TFA over 20 min. The final purity of
all peptides by both analytical systems was >98%. Molecular
weights of the compounds were determined by fast atom
bombardment mass spectrometry (FAB-MS) on a Kratos
MS50RF mass spectrometer (Environmental Health Sciences
Center, Oregon State University, Corvallis, OR).

Radioligand Binding Assays.40 Opioid receptor binding
studies were performed on membranes derived from CHO cells
expressing cloned δ- and µ-receptors stably. Binding assays
were carried out in the presence of peptidase inhibitors (10
µM bestatin, 30 µM captopril, and 50 µM L-leucyl-L-leucine)
and 3 mM Mg2+. Incubations were performed with varying
concentrations of the peptides up to 10 µM for 90 min at 22
°C using [3H]DPDPE and [3H]DAMGO as the radioligands for
δ- and µ-receptors, respectively. Nonspecific binding was
determined in the presence of 10 µM unlabeled ligand. IC50

values were derived from nonlinear regression analyses of
competitive curves using GraphPad software (Prism) and then
converted to dissociation constants (Ki) using the Cheng-
Prusoff equation;41 KD values for [3H]DPDPE and [3H]DAMGO
were 0.5 and 0.644 nM, respectively.
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