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SUMMARY

SIMANTOV, RABI, CHILDERS, STEVEN R. & SNYDER, SOLOMON H. (1978) [3H]Opiate
binding: anomalous properties in kidney and liver membranes. Mol. Pharmacol.,
14, 69-76.

[3H]Naloxone and [3H]dihydromorphine bind in a saturable fashion and with high

affinity to membrane preparations of guinea pig kidney and liver. Binding in guinea
pig kidney displays “reversed” stereospecificity, with pharmacologically inactive dex-
trallorphan being more potent than the known pharmacologically active levallorphan.

Opiate agonists tend to be more potent than their corresponding antagonists in
competing for [3H]opiate binding in guinea pig kidney. Unlike brain opiate receptors,
in which sodium and manganese selectively decrease and increase, respectively, the
binding of [3H]opiate agonists, these ions have no selective effect on the binding of
[3H]opiates in guinea pig kidney and liver. The opioid peptides Met-enkephalin and f3-

endorphin and the opiates etorphine and diprenorphine, which have very high affinity
for brain opiate receptors, have negligible effects on [3H]opiate binding in guinea pig
kidney.

INTRODUCTION

Opiates affect numerous functions
throughout the body. Most of these influ-

ences are thought to involve initial actions
upon the brain and/or pituitary, while

opiates presumably exert some direct ac-
tions in the intestines. To determine

whether there might be hitherto unrecog-
nized peripheral actions of opiates, we

screened a variety of animal organs for
saturable [3H]opiate binding. We now re-
port the characteristics of saturable
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[3H]opiate binding to kidney and liver
membranes.

MATERIALS AND METHODS

Opiate receptor binding assay. Mem-
branes from brain (1), kidney, liver, or
other tissue were prepared as follows. The
tissue was removed immediately after de-
capitation, placed in 40 volumes of ice-cold
50 mM Tris-HC1 buffer, pH 7.7, at 25#{176},
homogenized with a Brinkmann Polytron
PT-b (setting 5, 20 see), and centrifuged

at 4#{176}for 10 mm at 49,000 x g. The pellets
were resuspended in Tris buffer (about 10
mg/ml), incubated for 40 mm at 37#{176},cen-
trifuged for 10 mm, resuspended in the

same buffer (10 mg of original wet tissue
per milliliter), and assayed for binding.
Binding of [3H]enkephalin was measured
at 25#{176}with 1.9 ml of membrane suspen-
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sion. After 40 mm of incubation the sam-
ples were immediately filtered and the
radioactivity was monitored as described
(1). Saturable binding was defined as the
difference between binding in the presence
of 1 p�M levallorphan and that in its ab-

sence. All values referred to as “binding”
represent saturable binding unless other-
wise indicated. Values are expressed as

the means of three replications, which
varied less than 15%.

Whenever labeled or unlabeled enkeph-
alin was included in the experiment, 50
p.g/ml of bacitracin were included to in-
hibit enkephalin destruction. This concen-
tration of bacitracin, which was sufficient
to protect against enkephalin degradation
in brain homogenates (2), was not as effec-
tive in kidney preparations. After 40 mm
of incubation at 25#{176}of 0. 1 �M Met-enkeph-

alin in the kidney membrane preparation
with bacitracin (50 �g/ml), only 33% of

enkephalin activity remained, as assayed
by inhibition of [3H]naloxone binding.

Without bacitracin, no enkephalin activity
remained. However, the synthetic ana-
logue 2-r-Ala-Met-enkephalin was com-
pletely stable under these conditions, since
no activity was lost after 40 mm of incu-
bation with kidney preparations. There-
fore 2-r-Ala-Met-enkephalin was included
in binding studies ofenkephalin in kidney.

Materials . [3H]Naloxone (20 Ci/mmole),
[3Hldihydromorphine (45 Ci/mmole),
[3H]morphine (12.5 Ci/mmole), [3H]Met-

enkephalin (17.4 or 20 Ci/mmole), [3H]Leu-

enkephalin (33.4 Ci/mmole), [3H]levallor-
phan (7.5 Ci/mmole), [3H]levorphanol (5.4
Ci/mmole), [3H]etorphine (30 Ci/mmole),

and [3H]diprenorphine (13 Ci/mmole) were
purchased from New England Nuclear.
[3H12-L-Ala-enkephalin (25 Ci/mmole) was
obtained from Amersham/Searle. Syn-
thetic Met- and Leu-enkephalins, built by
fragment condensation methods (3), were
generously donated by Drs. D. Hauser and
F. Cardinaux, Sandoz, Basel. Synthetic

f3-endorphin was a generous gift from Pro-
fessor C. H. Li, University of California.
a-Endorphin was purchased from Penin-
sula Laboratories. Other opiate sources
were Endo (naloxone, oxymorphone),
Roche (levallorphan, levorphanol), Amer-

ican Cyanamid (etorphine, diprenor-
phine), Winthrop (pentazocine, cyclazo-
cine, metazocine), and Lilly [ (+)- and
(-)-propoxyphene, methadone]. The sam-
ple of 2-r-Ala-Met-enkephalin was gener-
ously donated by Drs. R. Miller and P.

Cuatrecasas, Welicome Research Labora-

tories, Research Triangle Park, N.C.

RESULTS

Organ distribution of [:IHjopjate bind-
ing. Saturable binding of [3H]naloxone

and [3H]dihydromorphine, measured as
the difference between binding in the ab-
sence and presence of 1.0 p.M levallorphan,

can be detected in substantial amounts in
guinea pig brain, kidney, liver, and small
intestine (Table 1). Much smaller amounts

of both [3H]naloxone and [3H]dihydromor-
phine are bound in testes, fat cells, and
lung. Within guinea pig kidney, binding

of [3H]naloxone and [3H]dihydromorphine
is about twice as great in the cortex as in
the medulla (Table 1). In rat tissues, con-
siderable binding of the two [3H]opiates is
present in brain, with only a very small

amount of binding apparent in kidney and
liver.

To determine whether [3H]naloxone
binding to kidney membranes is restricted
to the guinea pig, we examined binding of
three concentrations of [3H]naloxone to
kidney membranes of rabbit, rat, calf, and
guinea pig (Table 2). Substantial
[3H]naloxone binding is apparent in rabbit
kidney as well as in the guinea pig. With
increasing amounts of [3H]naloxone, bind-
ing can be reliably detected in rat and calf
kidney. The concentrations of [3H]naloxone

employed in these experiments were too
low to permit estimates of the saturability

of binding in the various species.
[3H]Naloxone binding is saturable in

guinea pig liver, brain, and kidney. In all
three tissues binding attains maximal lev-
els between 5 and 10 nr�i. half-maximal

binding in the three tissues occurs be-
tween 2 and 3 n�. The maximal levels of
binding are greatest in the kidney, being
1.4 times maximal binding in brain and
2.6 times comparable values in the liver
(Fig. 1).

Influence of drugs and peptides on
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TABLE 1

[3H]Opiate binding to guinea pig and rat membrane preparations from various organs

Organs were dissected immediately after decapitation, and membranes were prepared and assayed by

the standard binding procedure at 25#{176}with 3.8 nM [3H]naloxone or 2.0 n�i [3H]dihydromorphine and no

added ions. Data shown are from a typical experiment performed in triplicate. Each experiment was

replicated two to four times, and values varied less than 25%.

Organ Guinea pig Rat

[3HlNaloxone [3H]Dihydromor- [3H]Naloxone [3H]Dihydromor-
phine phine

Total Satura- Total Satura- Total Satura- Total Satura-
ble ble ble ble

pmoles boundig tissue

Brain 7.95 4.80 2.84 1.44 12.2 7.78 7.39 4.60

Whole kidney 15.5 10.3 12.2 6.43 1.34 0.14 0.40 0.03
Kidney cortex 12.4 7.45 5.79 3.08
Kidney medulla 5.01 2.85 2.96 1.68

Liver 8.01 4.45 6.49 3.52 1.61 0.20 0.30 0.09

Heart 1.01 0.22 2.34 0.01 1.51 0.08 0.22 0.02

Lung 2.98 0.20 2.75 0.14 0.52 0.08 0.43 0.08

Stomach 0.48 0.04 0.99 0.04 0.58 0.02 0.20 0.03

Small intestine 3.95 1.87 3.04 1.52 0.88 0.06 0.35 0.03
Largeintestine 2.18 0.06 0.88 0.00 1.02 0.02 0.18 0.00

Striatedmuscie 2.58 0.62 2.10 0.00 1.34 0.04 0.34 0.06

Fatcells 1.90 0.33 2.27 0.16 0.44 0.08 0.10 0.00

Pancreas 0.52 0.07 0.52 0.00 0.25 0.04 0.20 0.01

Testes 2.45 0.37 2.62 0.23 0.68 0.17 0.43 0.04

TABLE 2

Species variations in [3J�]naloxone binding to kidney membranes

The experiment was performed as described in Table 1, with no ions added. The ca!f kidneys were frozen

20-30 mm after death and maintained at -70#{176}for 2 hr before the membranes were prepared. Kidneys from

the other species were taken immediately after decapitation. Data are from typical experiments, each of

which was replicated two or three times. Values varied less than 25%.

[3H]Naloxone Guinea pig Rabbit Rat Calf
added

Total Saturab!e Total Saturable Total Saturable Total Saturable

nM pmoles boundig tissue

1.75 5.97 2.43 5.62 2.95 0.81 0.13 0.66 0.20

3.5 10.5 5.94 11.4 6.29 2.85 0.36 2.46 0.23

5.0 16.7 8.92 15.6 7.82 5.59 0.55 4.84 0.58

[3H]opiate binding in brain, kidney, and

liver. Guinea pig brain and kidney display
marked differences in drug specificity (Ta-
ble 3 and Fig. 2). The most striking of

these is a reversed stereospecificity for
certain drugs, observed in the kidney.
Whereas the pharmacologically active iso-

mer levallorphan is more than 1000 times

as potent as the pharmacologically inac-
tive dextrallorphan in reducing [3H]-

naloxone binding in the guinea pig brain,
the stereospecificity is reversed in guinea

pig kidney, with dextrallorphan being

about 10 times more potent than leval-
lorphan. While the pharmacologically ac-
tive d-propoxyphene is 30 times more
potent than l-propoxyphene in brain,
the two isomers have about the same affin-
ities for [3H}naloxone binding sites in kid-
ney. Similarly, levorphanol is 8000 times
more potent than dextrorphan in the
brain, but the two drugs are equipotent in
the kidney (Table 3).

In an earlier study (4) we observed bind-
ing of [3Hjnaloxone to guinea pig kidney

homogenates which was inhibited with
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FIG. 2. Reverse stereospecificity of [3J�]naloxone

and [3Jf]dihydromorphine binding to guinea pig

kidney membranes

The experiment was performed with 1.5 nrsi

[3H]na!oxone or 1.0 nM [3H]dihydromorphine in the

standard binding assay and was replicated twice.
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J. Musacchio, personal communication.
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FIG. 1. Saturation of [3H]naloxone binding to

guinea pig brain, kidney, and liver membranes

The standard binding assay was performed at 25#{176}

in a 2-mi volume with 1.9 ml of tissue diluted 1:300

(w/v) (about 3.3 mg of tissue, wet weight, per

milliliter). The specific binding was calculated from
the total binding after subtracting nonspecific bind-

ing obtained in the presence of 1 �tM levallorphan.

The experiment was replicated twice.

TABLE 3

Stereospecificity of[’H]naloxone binding to guinea

pig kidney membranes

[3H]Na!oxone (1.5 nM) binding was assayed in

the presence of eight to eleven (0.30 nM-10 �M)

concentrations of the indicated drugs. Values are

the means of two to six determinations and varied

!ess than 25%. IC,, is the concentration that inhibits

[3H]naloxone binding 50%.

Opiate IC5) Kidney to
brain ra-

Brain Kidney tio

nM nM

Dextrallorphan 4,000 15 0.004

Levallorphan 0.7 150 214

Dextrorphan 4,000 10 0.0025

Levorphanol 0.5 10 20

(-)-Propoxyphene 10,000 1,500 0.15

(+)-Propoxyphene 300 2,000 6.7

greater potency by levorphanol than by
dextrorphan, observations confirmed by
Musacchio.3 To account for the apparent
discrepancy between the earlier observa-
tions and the present findings, we com-

pared the potencies of levorphanol, dex-
trorphan, dextrallorphan, and levallor-
phan in competing for [3H]naloxone bind-
ing to homogenates and washed mem-
brane preparations of guinea pig kidney
with and without prior incubation (Table
4). As reported previously, in whole ho-

mogenates levorphanol is indeed more po-
tent than dextrorphan in competing for
[3Hjnaloxone binding. However, the two
isomers differ only by a factor of 8, in

contrast to the 10,000-fold difference in
potency in competing for binding in brain
membranes. The same difference in poten-
cies of the two drugs is apparent in washed
membrane preparations. However, after
prior incubation of the membranes, levor-
phanol and dextrorphan become equipo-

tent inhibitors of [3H]naloxone binding.
The primary effect of prior incubation ap-

pears to be enhancement of the potency of
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TABLE 4

Effect ofprior incubation on stereospecificity of

[3H]naloxone binding to guinea pig kidnev

membranes

[3H]Naloxone (1.5 nM) binding was assayed on

kidney tissue either immediately after homogeniza-

tion, after centrifugation at 49,000 x g for 10 mm

and resuspension in the original volume of 50 mi’s

Tris, pH 7.7, or after centrifugation followed by

incubation at 37#{176}for 45 mm and a second centrifu-

gation and resuspension. Assays were conducted in
the presence ofeight (0.3 nM-10 �M) concentrations

of the indicated drugs. Values are from a typical

experiment, which was replicated three times, and

varied less than 30%.

Tissue treatment IC,,

Le-

vor-
phan-

ol

nM

Dex-

tror-
phan

nM

Leval-

br-
phan

nM

Dex-

tral-
br-

phan

nM

Homogenate

Membranes
Membranes + prior

incubation

56

27

18

380

540

17

140

110

51

11

18

5.2

dextrorphan with little change in the in-
fluence of levorphanol.

The “reversed” stereospecificity of leval-
lorphan and dextrallorphan is observed in

homogenates, as well as in membranes,
with or without prior incubation. Prior
incubation appears to enhance somewhat

the potencies of both levallorphan and

dextrallorphan. Thus guinea pig kidney
preparations differ considerably in their
interactions with the levorphanol-dextror-
phan and levallorphan-dextrallorphan
pairs of drugs.

Another striking difference between
kidney and brain lies in the failure of the
opioid peptides Met-enkephalin, its 2-D-al-
anine analogue, and f3-endorphin to affect
[3H]naloxone binding in guinea pig kidney
in concentrations as high as 1 /LM. By

contrast, these agents produce 50% inhibi-
tion of [3H]naloxone binding by brain
membranes at 8-15 n�. The failure of
Met-enkephalin and f3-endorphin to affect
[3H]naloxone binding is also observed in
rabbit kidney (Table 5). The absence of
displacement by enkephalin is not caused
by increased degradation of enkephalin in
kidney, because the 2-D-alanine analogue

of enkephalin, which is not significantly
degraded in either kidney or brain during

standard incubation conditions, is also in-
active. Certain other opiates, such as etor-
phine and diprenorphine, have much less
affinity for kidney than brain binding
sites. For other drugs, guinea pig kidney

TABLE 5

Displacement of[’H]naloxone binding to guinea pig

brain and kidney membranes by opiates and opioid

peptides

The following compounds at 5 �M reduced

[3H]naloxone binding less than 15%: angiotensin II,

glucagon, neurotensin, vasopressin (AVP), sub-

stance P, vasotocin, (AVT)m oxytocin, n- or L-epi-

nephrine, D- or L-norepinephrine, a- or L-isoprotere-

nob, is- or L-phenylephrine, dopamine, catechol, er-

gotamine, ergokryptine, y-aminobutyric acid, bicu-

culline, taurine, proline, fJ-alanine, glycine, glu-

tamic acid, tyrosine, phenylalanine, oxotremorine,

probenecid, ouabain, acetylsalicyclic acid, penicillin

G, sulfadiazine, benzoic acid, uric acid, hippuric

acid, pyruvic acid, !actic acid, succinic acid, citric

acid, maleic acid, nicotinamide, tyramine, hexame-

thonium, and choline. IC,, is the concentration of

the agent which reduced [3Hlnaboxone binding by

50%. The experiment was performed as described in

Table 3 and MATERIALS AND METHODS. Values are

the means of two to six determinations and varied

less than 30%.

Disp!acer IC,, Kidney to
brain ratio

Brain Kidney

nM nM

Naboxone 3 60 20
Oxymorphone 4 20 5
Naborphine 4 600 150

Morphine 10 30 3

Levalborphan 0.7 150 214
Levorphanol 1.5 10 6.7

Naltrexone 0.8 60 75

Dihydromorphine 7 150 21

Cyclazocine 0.5 4 8

Pentazocine 15 100 6.7

Metazocine 30 150 5
Methadone 6 500 83

Etorphine 0.5 700 1400

Diprenorphine 0.8 >1000 >1250

Met-enkephalir 8 >1000 >125

2-r-Ala-Met-en-
kephalin 15 >1000 >67

f3-Endorphin 4 >1000 >250

Ha!operidol 6000 500 0.08

Benperido! 500 150 0.3

Pimozide 200 50 0.25
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displays affinity in the nanomolar range,
although for most drugs affinity is some-

what less in kidney than in brain (Table
5). The only exception consists ofthe phar-
macologically inactive isomers dextrallor-
phan, dextrorphan, and l-propoxyphene,
which are substantially more potent in
kidney than in brain.

Since these assays were conducted in

the absence of sodium, agonists and their
corresponding antagonists have similar af-
finities for [3H]naloxone binding sites in
brain tissue. Interestingly, in guinea pig
kidney membranes the agonists appear to

be systematically more potent than the
corresponding antagonists, which differ
only by the substitution of N-allyl in the
antagonist for N-methyl in the agonist

(Table 5). For instance, in the guinea pig
kidney morphine is about 20 times more
potent than nalorphine, levorphanol is

about 15 times more potent than levallor-
phan, and oxymorphone is about 3 times-
more potent than naloxone.

Detailed dose-response curves show

some differences in the pattern of inhibi-
tion of [3H]opiate binding by drugs in
guinea pig kidney and brain (Figs. 2 and
3). Displacement curves of most agents in

the brain are smooth and monophasic. In
the guinea pig kidney inhibition of
[3H]naloxone and [3H]dihydromorphine
binding by levallorphan and dextrallor-
phan appears to be biphasic. Similar bi-
phasic curves are apparent for inhibition
of [3H]naloxone binding by oxymorphone,
naloxone, levorphanol, and levallorphan
in guinea pig kidney, but not in brain.
While [3Hjnaloxone binding in brain is
inhibited potently by 2-D-Ala-Met-enkeph-

alin and f3-endorphin, neither of these

peptides affects guinea pig kidney binding
of [3H]naloxone over a wide range of con-
centrations.

Because of the anomalous properties of
[‘H]opiate binding in guinea pig kidney,
we evaluated numerous non-opiate drugs

and endogenous substances. The butyro-
phenone-related agents haloperidol, ben-

peridol, and pimozide have more affinity
for kidney than brain binding sites. Pimo-

zide, the most potent of these, displays an
IC5, of 50 n� in guinea pig kidney. Since

-LOG [DISPLACER]

FIG. 3. Reduction of [3H]naloxone binding in

guinea pig kidney membranes by opiate agonists,

antagonists, and opioid peptides

The standard assay contained 1.5 ni’s [3H]naloxone.

drugs such as pimozide have high affinity
for a number of receptor binding sites, it
is difficult to evaluate the significance of

these effects. Numerous endogenous pep-
tides, amino acids, catecholamines, and
several drugs known to be transported by

specific renal mechanisms have no effect
on [3H]naloxone binding to guinea pig
kidney membranes at a 5 j.tM concentra-
tion (Table 5).

The very low affinity of opioid peptides
and of certain opiates for kidney binding

sites raises the question whether these

agents can bind to guinea pig kidney at
all. Accordingly, we compared binding of
[3HJopiates and [3Hlenkephalin to guinea
pig brain, liver, and kidney membranes
(Table 6). All [3H]ligands examined show
substantial levels of specific saturable
binding in brain membranes. Kidney
and liver display considerable saturable

binding for [3H]dihydromorphine and
[3H]morphine. However, essentially no

binding of [3H]Met-enkephalin is apparent
in kidney and liver. In addition, in other
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1.84

1.48

1.08

1.21

1.10

1.68

1.42

1.54

1.02

0.88

1.15

4.66

3.35

3.84

2.52

2.08

2.99

0.66

0.60

0.70

0.48

0.42

0.41

0.46

0.40

0.42

0.16

0.32

0.36

0.91

0.65

0.65

0.49

0.53

0.75

4.42

5.14

3.99

4.45

3.47

3.78

2.08

0.87

1.62

0.65

1.58

2.37

2.38

1.48

2.35

1.33

2.11

3.47

2.26

1.21

2.69

0.95

2.37

3.27

The major finding of this study is the
0 0 presence of saturable binding of certain
0 0 [3H]opiates to membranes of guinea pig
0 0 kidney and liver. The saturable binding
0 . 0 in guinea pig small intestine presumably

involves specific opiate receptors previ-

ously demonstrated to exist in this tissue
(9). The specificity of this binding is mdi-

cated by its high affinity for certain agents

and the fact that it cannot be demon-
strated in several other tissues examined.
Moreover, substantial levels of binding
occur in guinea pig and rabbit membranes
but not in certain other species.

Although the binding by guinea pig kid-

ney membranes is affected by numerous

opiates in a fashion somewhat similar to
their influence on brain membrane bind-
ing, marked differences exist in drug speci-

ficity. Most pronounced of these discrep-
ancies is the “reversed” stereospecificity of
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T�LE 6

Effects of ions on binding of[:H]opiates and

[3H]Met-enkepahlin to guinea pig tissues

The binding assay was performed at 25#{176}with

washed membrane preparations as described in MA-

TERIALS AND METHODS. Data are from a typical

experiment, which was replicated twice and whose

results varied !ess than 20%.

[3H]Ligand and ion

added
Saturab!e binding

Brain Kidney Liver

pmoles boundig tissue

[3H]Naboxone 1.5 ni’s

None

Nat, 25 mM

K�, 25 mM

Na�, 100 mM

K�, 100 mM

Mn’’, 1 mM

[3H]Dihydromorphine,

1 nM

None

Nat, 25 mM

K�, 25 mM

Na�, 100 mM

K�, 100mM

Mn’’, 1 mM

[3H]Morphine, 3.5 nM

None

Na�, 25 mM

K�, 25 mM

Nat, 100 mM

K�, 100 mM

Mn’’, 1 mM

[3H]Met-enkephalin
1.5 ni’s

None

Na�, 25 mM

K�, 25 mM

Na�, 100 mM

K�, 100 mM

Mn’’, 1 mM

experiments, not depicted, no [3H]-2-D-

Ala-enkephalin binding is seen in kidney,
indicating that enkephalin degradation is
not responsible for the lack of binding.

Effects of ions on [3H]opiate binding.

One of the most dramatic features of the
opiate receptor of nervous tissue is the
selective influence of various ions (5-8).
Under the present incubation conditions
sodium has no effect on antagonist binding
but selectively decreases agonist binding
(6). Low concentrations of manganese en-
hance the binding of opiate agonists mea-

sured under appropriate conditions (7, 8).
To compare further the characteristics of

kidney and liver binding of opiates with
brain receptors, we evaluated the influ-
ences of sodium, potassium, and man-
ganese (Table 6). Sodium (25 or 100 mM)

does not affect the binding of [3H]naloxone
but markedly reduces binding to brain

membranes of [3H]dihydromorphine and
[3H]morphine, while potassium has only a

negligible effect. Unlike the selective in-
fluences of sodium in brain, in kidney and

liver membranes 25 mM sodium and po-
tassium have no significant effect on
[3Hldihydromorphine and [3H]morphine
binding. At 100 mM both sodium and po-

tassium produce moderate decreases in
[3H}opiate binding and seem to affect the

antagonist [3H]naloxone as well as the
agonists [3H]dihydromorphine and [3H1-
morphine (Table 6).

Manganese (1 mM) has no influence on

brain membrane binding of [3Hjnaloxone,

but enhances the binding to brain mem-
branes of [3Hjdihydromorphine, [3H]-
morphine, and [3H]Met-enkephalin, as
reported previously (7, 8). By contrast,
manganese decreases the binding of all
[3H]apiates to membranes of kidney and
liver to a similar extent.

DISCUSSION
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guinea pig kidney [3H]opiate binding for
levallorphan and dextrallorphan. Also, ag-
onists appear to be systematically more
potent than antagonists in guinea pig kid-
ney membrane binding. Interestingly, the
opioid peptides examined have negligible
affinity for guinea pig membranes, despite
their great potency in the brain. Certain

opiates, specifically etorphine and dipren-

orphine, behave like the peptides in lack-

ing affinity for guinea pig kidney mem-
branes. The binding sites in kidney and
liver also differ from those of brain in
failing to display characteristic responses
to sodium and manganese.

Because of their anomalous properties,

especially the reverse stereospecificity and
the absence of selective sodium effects, it
is unlikely that binding sites in kidney

and liver mediate known major stereospe-
cific pharmacological effects of opiates. To
ascertain whether the binding sites might
represent receptors for other endogenous
compounds, we screened a variety of
known peptides and neurotransmitters.
However, we failed to detect any known

naturally occurring substance with high
affinity comparable to that of opiates for
these binding sites. Because of the role of
the kidney in transport processes, we spec-
ulated that the binding sites might repre-
sent transport binding sites. However,

probenecid, ouabain, and a variety of
transported drugs, including amino acids,
various organic acids and bases (including

uric acid), penicillins, salicylates, and sul-
fonamides, fail to inhibit binding at 5 �M

concentration.
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