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Endomorphin-2 (Tyr-Pro-Phe-PheNH,) was discovered as an endogenous ligand for the u-opioid receptor. The
physiologic function of endomorphin—2 as a neurotransmitter or neuromodulator may cease after rapid enzymatic
processing in the synapses of the brain, like other neuropeptides. The present study was conducted to examine the
metabolism of endomorphin-2 by synaptic membranes prepared from mouse brain. Major metabolites were free tyro-
sine, free phenylalanine, Tyr-Pro, and PheNH,. Both the degradation of endomorphin—-2 and the accumulation of
major metabolites were inhibited by specific inhibitors of dipeptidyl peptidase IV, such as diprotin A and B. On the other
hand, the accumulation of Phe-PheNH, and Pro-Phe-PheNH, was increased in the presence of bestatin, an aminopepti-
dase inhibitor, whereas that of free phenylalanine and PheNH, was decreased. Furthermore, purified dipeptidyl pepti-
dase IV hydrolyzed endomorphin—2 at the cleavage site, the Pro2-Phe? bond. Thus degradation of endomorphin—-2 by
brain synaptic membranes appears to occur mainly through the cleavage of the Pro2-Phe3 bond by dipeptidyl peptidase
1V, followed by the release of free phenylalanine and PheNH, from the liberated fragment, Phe-PheNH,, by aminopep-
tidase. We have also examined the effects of diprotin A on the antinociception induced by intracerebroventricularly ad-
ministered endomorphin-2 in the mouse paw withdrawal test. Diprotin A simultaneously injected with endomorphin-2
enhanced endomorphin—2-induced antinociception. These results indicate that dipeptidyl peptidase IV may be an im-
portant peptidase responsible for terminating endomorphin—2-induced antinociception at the supraspinal level in mice.
These findings also suggest that selective dipeptidyl peptidase IV inhibitors or dipeptidyl peptidase IV-resistant en-
domorphin—2 analogues have the potential for the clinical use as analgesics.
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Table 1. Endogenous Opioid Peptides
Peptides Amino acid sequence Receptor
Met—enkephalin Tyr-Gly-Gly-Phe-Leu J
Leu—enkepahlin Tyr-Gly-Gly-Phe-Met J
Dynorphin A Tyr-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro-Lys-Leu-Lys-Trp-Asp-Asn-Gln K
Dynorphin B Tyr-Gly-Gly-Phe-Leu-Arg-Arg-Gln-Phe-Lys-Val-Val-Thr K
fS-endorphin Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-Gln-Thr-Pro-Leu-Val-Thr-Leu-Phe-Lys-Asn-Ala- u
Ile-Ile-Lys-Asn-Ala-Tyr-Lys-Lys-Gly-Glu
Endomorphin-1 Tyr-Pro-Trp-PheNH, u
Endomorphin-2 Tyr-Pro-Phe-PheNH, u
. . Nociceptin
Nociceptin Phe-Gly-Gly-Phe-Thr-Gly-Ala-Arg-Lys-Ser-Ala-Arg-Lys-Leu-Ala-Asn-Gln receptor
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Fig. 1. Time Course of Endomorphin-2 Degradation Products Produced through the Action of Mouse Brain Synaptic Membranes

The reaction mixture (0.1 ml, pH 7.5) containing 10 ug protein of the membrane preparation, was incubated at 37°C for 0, 1, 2, 3, 4 and 5 hr. After heating at
100°C for 10 min, 10 ul aliquots of the mixture were analyzed by HPLC on a reversed phase column (4.6 X150 mm) of Symmetry C18 which had been equilibrated
with 1.0% acetonitrile in 0.05% TFA. Elution was carried out at room temperature with a 60 min linear gradient of 1.0—65% acetonitrile in 0.05% TFA at a flow
rate of 1.0 ml/min. The absorbance at 210 nm was monitored. Cleavage products were separated by HPLC and their peaks areas traced on the chart were measured.
The vertical coordinate indicates the relative value of the peak area calculated on the basis of that of the substrate, endomorphin-2 at 0 hr. The results are the mean
of triplicate determinations. a: Tyr, b: PheNH,, c: Phe, d: Tyr-Pro, e: Phe-PheNH,.

Table 2. Effect of Peptidase Inhibitors on the Degradation of
Endomorphin-2 by Mouse Brain Synaptic Membranes

Inhibitor Conczirll;/[r)ation Inh(il;oigion
Diprotin A 1.0 51
Diprotin B 1.0 53
DFP 1.0 47
Enalapril 0.1 4
Bestatin 0.1 10
Phosphoramidon 0.1 13
Z-321 0.1 23

The activity was measured on the basis of the disappearance of en-
domorphin-2, as detected by HPLC.
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Fig. 2. Effect of Peptidase Inhibitors on the Degradation of Endomorphin—-2 by Mouse Brain Synaptic Membranes

The reaction mixture (0.1 ml, pH 7.5) containing 20 ug protein of the membrane preparation, was incubated at 37°C for 3 hr in the absence or presence of 1.0
mM diprotin A, 0.1 mM bestatin, or 0.1 mM enalapril. After heating at 100°C for 10 min, 10 ul aliquots of the mixture were analyzed by HPLC as described in Fig.
1. Asterisk (*) indicates the peak derived from the inhibitor added. a: Tyr, b: PheNH,, ¢: Phe, d: Tyr-Pro, e: Phe-PheNH,, f: Pro-Phe-PheNH,, M: endomorphin—
2.
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Fig. 3. Time Course of Endomorphin-2 Degradation Products Produced through the Action of Mouse Brain Synaptic Membranes in
the Presence of 0.1 mM Bestatin
The reaction mixture was incubated and treated with the same procedure as described in Fig. 1. Cleavage products were separated by HPLC as described in Fig.
1 and their peaks areas traced on the chart were measured. The vertical coordinate indicates the relative value of the peak area calculated on the basis of that of the
substrate, endomorphin—2 at 0 hr. The results are the mean of triplicate determinations. a: Tyr, b: PheNH,, c: Phe, d: Tyr-Pro, e: Phe-PheNH,, f:
Pro-Phe-PheNH,.
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Fig. 4. Effect of Peptidase Inhibitors on the Degradation of Endomorphin—2 by Dipeptidyl Peptidase IV

The reaction mixture (pH 7.5) containing 1.0 ng of purified dipeptidyl peptidase IV from porcine kidney, was incubated at 37°C for 3 hr in the absence of an in-
hibitor, or in the presence of 0.1 mM diprotin A, 0.1 mM diprotin B and 0.1 mM enalapril. After heating at 100°C for 10 min, 10 ul aliquots of the mixture were ana-
lyzed by HPLC as described in Fig. 1. Asterisk (*) indicates the peak derived from the inhibitor added. d: Tyr-Pro, e: Phe-PheNH,, M: endomorphin-2.
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Fig. 5. Time Course of Antinociceptive Effect of i.c.v. Ad-

ministered Endomorphin-2 in the Mouse Paw Withdrawal
Test
Antinociception was expressed as percent of maximum possible effect
(%MPE) = (post-drug responsive latency —pre-drug responsive latency) /
(10— pre-drug responsive latency) X 100. Each value represents the mean +
S.E. for 10 mice. **p<{0.01, *p<{0.05 when compared to the respective
value in the CSF-control group. (B): Effect of diprotin A on endomorphin—2
(EM-2) induced antinociception in the mouse paw withdrawal test. Mice
were coadministered CSF or various doses of endomorphin—2 in combina-
tion with 4.0 nmol of diprotin A. Each value represents the mean=+S.E. for
10 mice. **p<{0.01, *p<{0.05 when compared to diprotin A alone.
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Fig. 6. Scheme for Metabolism of Endomorphin-2 by Synaptic Membranes of Mouse Brain
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