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The synthesis and binding properties to rat brain tissue of the enkephali- 
nase inhibitor ['HI N-[(R,S)-3-hydroxyaminocabonyl-2-benzyl-l-oxopropyl]- 
glycine (['HIHACBO-Cly, 45 Ci/mmole) is reported. [%]HACBO-G+ly binding to 
membranes Prom various rat brain tissue is saturable (~-0.4 - 0.05 nB) and 
linearly related to the amount of tissue. Non specific binding is less than 
152 of total binding at the KD concentration. The regional distribution of 
['H]HACBO-Gly binding and enkephalinase activity are closely correlated with 
highest levels in striatum and substantia nigra. The efficiency of inhibitors 
of various peptidases (thiorphan, captopril, bestatin . ..) to inhibit ['HI- 
RACBO-Gly binding or enkephalinase activity are similar. These results indi- 
cate that C3~MA~~-~1y binds selectively to enkephalinase. This compound 
should help to clarify the localization of the enzyme in the CNS. B 1985 

Academic Press, Inc. 

The neutral endopeptidase (EC 3.4.24.11) first isolated from rabbit 

kidney (1) was afterwards discovered in the rat central nervous system (2). 

This enzyme is responsible for the cleavage of the Gly3-Phe4 bond of the 

opioid peptides enkephalins and has therefore been designated as enkephali- 

nase (2). The physiological relevance of enkephalinase has been demonstrated 

by the use of highly potent inhibitors such as thiorphan (31, retrothiorphan 

(4) or kelatorphan (5). which induce antinociceptive responses after i.c.v. 

injection. Moreover, co-administered with the peptidase-sensitive Met-enke- 

phalin, kelatorphan is able to decrease 50,000 times the efficient dose (E. 

D. 50) of the opioid peptide required to produce an analgesic response (5). 

These effects can be reversed by naloxone, demonstrating the interaction of 

enkephalins with the opioid receptors. Finally, enkephalinase inhibitors are 
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able to protect the K+ evoked Met-enkephalin released from rat striatal sli- 

ces (6). Nevertheless enkephalinase displays a wide substrate specificity, 

since in vitro the enzyme cleaves a variety of neuropeptides such as subs- 

tance P (7) neurotensin (8) or CCK26-33 (9). This raises the question of the 

selective involvement of enkephalinase in enkephalin metabolism. If  the enke- 

phalinase has a selective involvement in enkephalin degradation, one would 

expect the enzyme to be in close proximity to enkephalin receptors. To fur- 

ther investigate this assumption a precise localization of enkephalinase by 

autoradiographic measurement, as recently shown in the case of brain ACE 

(lo), is required. 

Therefore we report in this paper the synthesis of a tritiated highly 

potent enkephalinase inhibitor : C3H1 N-[(R,S)-hydroxyaminocarbonyl-2-benzyl- 

I-oxopropyll-glycine (C3~I~~~~0-~ly) (K* = 1.4 Z 0.2 nM). This compound, be- 

longing to a new series of bidentate inhibitors is poorly recognized by ACE 

(ll), and behaves as a useful probe for the visualization of enkephalinase 

in the central nervous system (12). 

MEiTHODS 

Sl;nthesis of [3HIHACBO-Gly 
[ H] N-[(R,S)-3-hydroxyaminocarbonyl-2-benzyl-l-oxopropyl]-glycine was 

obtained by tritiation of the unsaturated precursor N-[3-(benzyloxyamino) 
carbonyll-2-benzylidene-1-oxopropyl]-glycine (13) (scheme 1). 6.5 PM of the 
latter compound was dissolved in 1 ml pure methanol and the catalyst (1.6 mg 

of 10% palladium on charcoal) was added. The reaction was stirred at room 
temperature under tritium gas atmosphere (25 Ci) for 1 hour. The catalyst 
was then removed by filtration and labile tritium atoms eliminated by two 

successive evaporations with 20 ml ethanol. The product was purified by pre- 
parative TLC with butanol/acetic acid/water solvent system 4/1/l (v/v/v). 

The silica band corresponding to final product (Rf = 0.52) was scraped and 
the product was extracted with methanol on a 

Associates). The purity of [3H]H~~~~-~ly (45 

Zorbax O.D.S. column by isocratic elution in 
4.1 min with a flow rate of 1 ml/min. 

d+c+-y fj 
H-N-C-CH2 -;- CO-NH-CH2-COOH 

(3W2 H? F! I II 
+ H-N-C-CH2-C3H-CO-NH-CU2-COOH 

CH-‘$ 
Pd/ c 

3HAH-@ 

Scheme 1 

sep-pak C, 8 column (Waters 

Ci/mmole) was checked on a 
methanol/water (45155) over 
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Binding experiments 
Fresh brain tissue was obtained from male Sprague Dawley rats (150-200 

g) and homogenized in 12 volumes of 0.32 M sucrose 5 mM Tris HCl pH 7.4 
with 10 strokes of a potter Elvehjem tissue grinder using a teflon pestle. 
After centrifuging the homogenate at 100,000 g for 35 min, the pellet was 
suspended in 50 mM Tris-HCl pH 7.4 and centrifuged as before. The resulting 

pellet was resuspended in the original volume of Tris-HCl buffer to yield 
the membrane fraction. Binding assays were carried out at 25OC in 50 mM Tris 
HCl pH 7.4 and included the tissue suspension (0.6-0.7 mg/ml) and C3~l~~c~0- 
Gly in a volume of 1 ml. After 45 min the suspension was filtered over What- 
man GF/B filters under vacuum with two 5 ml washes of the same buffer. The 

amount of radioactivity remaining on the filter was determined by liquid 
scintillation spectrometry with 5 ml of Beckman Ready Solv EP cocktail. 
cific binding of C3~1~~~~0-~iy was determined after substracting the non 

Spe- 

specific binding assessed in the presence of 1 nM thiorphan. Neutral endopep- 
tidase activity was measured with 20 nM [tyrosyl-3,5-3H -D-Ala2-Leu5-enkepha- 
lin and various concentrations of non radioactive D-Ala 

4 
-Leu5-enkephalin as 

already described in detail (14). Protein determinations were performed fol- 
lowing the method described by Lowry et al. (15) using B.S.A. as standard. 

RESULTS 

The specific binding of C3HIHACBO-Gly to a homogenate of rat striatum, 

assessed in the presence of 1 PM thiorphan is saturable (Fig. lA), leading 

to the following parameters derived from Scatchard analysis : KD Value 0.4 

+ 0.05 nM and Bmax value 94 ’ 12 fmol/mg protein (Fig. 1B). Under these ex- 

perimental conditions the specific binding corresponds to 88% of the total 

binding at the KD concentration of C3~l~~~~0-(Xy, and the computer analysis 

of the saturation isotherms shows that the tritiated probe interacts with a 

single class of binding sites. The binding of C3~1~~~~0-~ly at 25OC is time 

dependent with a plateau at 30 min. Specific binding of C3HlHACBO-Gly is 

linearly related to the amount of tissue in the assay (data not shown) allo- 

wing quantitative measurements of the binding sites capacity in various brain 

areas (Table 1). Relative levels of enkephalinase activity in some brain 

regions Closely parallel C3~]~~~~0-~1y binding. Highest specific binding 

occurs in the caudate putamen and substantia nigra (Table 2). 

Inhibition experiments, performed with various peptidase inhibitors, 

show a good correlation between the efficiency of these compounds to inhibit 

C3~I~~~~0-~iy binding and their inhibitory potency towards enkephalinase in 
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the same preparation (Table 2). Thus, by contrast to thiorphan, captopril, 

ghly potent and specific inhibitor of angiotensin converting enzyme (16) ah i, 

exh i bits a very weak inhibitory potency of C3~I~~C~0-~ly binding. Likewise 

1 A _' 

[3H]Hacbo-Gly ,nM 

o’3r----- 
. n K,=0.4nM 

. 
B max= 94 fmd/ 

B mg  pmt. 

5 0.15 

3 
m . 

-L 

. 

0 65 1: IO 

fmol OHI HacboGly bOUnd/mQ prot. 

Binding of C3HlHACBO-G1y to rat striatal membranes. 

A Saturation curve of C3~]~~c~0-~ly binding to rat striatal membranes 

was performed using a suspension of 0.6-0.7 mg/ml of P2 fraction in 

an assay volume of 1 ml as described in methods. The non specific bin- 

ding NS (m) was evaluated with thiorphan 1 uM. Specific binding ( 0 ) 

is the difference between total T ( A ) and non specific binding ( n ). 

These data represent the results of four independant experiments per- 

formed in triplicate. 

B Scatchard plot of saturation of specific C3~I~~~~0-~ly binding. Data 

from figure 1A were replotted and linear regression analyses were done 

on a Hewlett-Packard HP85A desk calculator. 

Table 1. Rat brain distribution of [3H1HACBO-Cly binding and neutral 

L3H] HACBO-Gly binding Neutral endopeptidase V 

B max (fmol/mg protein) V max (pmol/min/mg prot) 
max’Bmax 

Striatum 94:12 21.0+1.2 0.22 

Substantia 
nigra 106+19 20.6+0.6 0.19 

Cortex 

Cerebellum 

15+-l 5.6+0.3 0.37 

19+2 4.0t0.2 0.21 

Rat tissues were homogenized and membrane fractions assayed for C3HlHACBO-Gly 

binding and neutral endopeptidase activity as described in methods. Data are 
the means of 4 determinations performed in triplicate. 
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Table Z-Drug specipicity of [31i1HAC~-Gly binding and neutral endopeptidase 

Ki (nM) 
C3~l~AC~0-~1y binding 

Ki (nM) 

Neutral endopeptidase activity 

HACBO-Gly 

Thiorphan 

Phosphoramidon 

Kelatorphan 

Captopril 

Bestatin 

0.40 + 0.05 1.4 + 0.20 

0.30 + 0.04 1.8 + 0.30 

0.35 + 0.05 1.1 + 0.25 

0.50 z 0.10 1.7 z 0.20 

>100.000 >100.000 

90.000 >100.000 

Eight concentrations of each inhibitor were assayed for effects on specific 

binding of 3 nM C3~l~~~~0-~1y binding and neutral endopeptidase activity 

as described in methods. Results are the means of 4 experiments performed 

in triplicate. 

the non specific aminopeptidase inhibitor bestatin (17) is poorly recognized 

by enkephalinase. 

DISCUSSION 

There is good correlation between the regional distribution of [3HlHACBO- 

Cly binding and neutral endopeptidase activity. This is illustrated by the 

similar values of the ratio V max’Bmax 
in some rat brain regions (Table 1) 

indicating that the C3~l~~~~0-~iy binding corresponds to the membrane bound 

enkephalinase. This feature is strongly supported by the specificity of va- 

rious peptidases inhibitors to inhibit the C3~l~~~~0-~ly binding with KI va- 

lues which parallel those found in enzymatic studies. This preliminary study 

confirms the heterogenous distribution of enkephalinase labelled by C3H]HACBO- 

Gly in rat brain and shows that the striatum and the substantia nigra con- 

tain high levels of this enzyme (18). 

The tritiated enkephalinase inhibitor C3~l~~~~0-~iy was synthesized : 

i) to study the characteristics of the peptidase active site at the molecu- 

lar level ; ii) to determine the level of enkephalinase in different brain 
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regions after various pharmacological treatments; iii) to perform an acute 

localization of the enzyme in the CNS of different species including human. 

Owing to a possible use of enkephalinase inhibitors as new analgesics 

it is of major interest to determine whether or not the brain neutral endo- 

peptidase is exlusively involved in the in vivo metabolism of enkephalin. 

Indeed according to its poor substrate selectivity the neutral endopeptidase 

(E.C. 3.4.24.11) is able to cleave numerous neuropeptides (7-9). Furthermore, 

the cellular localization of this peptidase is somewhat striking since its 

levels are higher on cultured glial cells than on neuronal cells in primary 

culture (19). In addition, the NG 108-15 hybrid cells which bear only 6 

opioid receptors are devoid of enkephalinase (20). The use of C3~I~~~~0-~ly 

should help to clarify these apparent discrepancies. These studies are now 

in progress in our laboratory. 
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