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Abstract

Quaternary narcotic antagonists that are assumed not to penetrate the blood—brain barrier following systemic administration are
commonly used to distinguish between peripheral and central actions of opiates. In mammals, these antagonists have a lower affinity for
opioid receptors than their tertiary parent compounds. The relative affinity of quaternary vs. tertiary antagonists either for opioid receptors
in non-mammalian species or for specific receptor subtypes has, however, not been determined. Using brain tissues from a passerine
songhird (Junco hyemalis), we found the affinity of the quaternary antagonist, naloxone methiodide (Na M), for brain opioid receptors
to be less than 10% that of Nal HCI. Further, Nal Ml affinity for w and & receptors is 8.7% and 3.7%, respectively, that of Nal HCI.
These results confirm that tertiary narcotic antagonist quaternization substantially reduces the affinity of these derivatives for central
opioid receptors. They show that this reduction is receptor-type selective, and they extend previous reports demonstrating functional
similarities between mammalian and non-mammalian central opioid receptors.
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Treatment with opioid receptor antagonists such as
naloxone (Nal) and naltrexone (Ntx) HCI is widely used to
assess the involvement of opioid systems in physiological
and behavioral functions. Nal readily enters the brain when
given peripheraly [30]. Studies involving the systemic
administration of opioid antagonists such as Na and Ntx
do, therefore, not identify whether the effects are peripher-
ally or centrally mediated since these effects may result
from changes in opioid receptor occupancy within, but also
outside, the central nervous system.

Quaternary opioid antagonist derivatives such as Nal
methobromide and methiodide (MI) are designed to not
penetrate the blood—brain barrier as easily as their tertiary
counterparts [22]. Comparing the influence of quaternary
vs. tertiary narcotic antagonists given systemically should,
thus, permit the differentiation between peripheraly vs.
centrally mediated opioid receptor blockade effects. This
approach has, however, several limitations [2]. Specifi-
caly, there is evidence that quaternary opioid antagonists
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(or their biologically active metabolites) can, indeed, enter
the central nervous system when administered systemically
[29,31]. Additiondly, in vivo and in vitro studies found
that opioid antagonist affinity for peripheral and central
receptors is considerably reduced following their quater-
nization [2]. For example, the ability of methylnaloxone to
compete for rat brain [3H]etorphine binding sitesin vitro is
less than 10% that of Nal HCI [2]. As a result, studies
involving the administration of tertiary and corresponding
quaternary opioid antagonists at a single (e.g., equimolar)
dose are generally difficult to interpret.

Brain tissues contain three well-characterized opioid
receptor types (8, w, and «) [7,33,34] and Nal, Ntx and
etorphine non-selectively bind to all receptor types[11,18].
At the present time, the relative affinity of tertiary vs.
corresponding quaternary antagonists for each receptor
type has not been measured. Information on this subject is
of direct relevance for the interpretation of studies on the
physiological and behavioral effects of opioid antagonist
treatment, because some opioid-mediated functions primar-
ily involve a specific receptor type [19,25,26]. To address
this question, the present study compares the relative
affinities of Nal HCI and MI for brain 6 and w opioid
receptors by determining the potency of these drugs to
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compete in vitro either for [Tyr-3,5-2H][p-Pen?,pCl-
Phe* p-Pen®]enkephalin ([3H]pCI-DPDPE, a & receptor-
selective agonist [32]) or for [Tyr-3,5-*H(N)][p-Ala?, N-
Me-Phe*,Gly-ol°]enkephalin  ([*HIDAMGO, a u
receptor-selective agonist [10,15]) binding sites.

Previous research identified central opioid receptor sub-
types in non-mammalian vertebrates (birds: [5,27]; fish:
[8], but little information is available on whether these
receptors are equivalent to those of mammals functionaly.
This issue was examined by using an avian species (Dark-
eyed Junco, Junco hyemalis) as the experimental model.
This species is appropriate because its brain tissues contain
specific high-affinity 6, w and « binding sites that are
differentially located anatomically [6,12] and have general
pharmacological properties resembling those of mam-
malian receptors [6].

Tissue collection and preparation. Juvenile Dark-eyed
Juncos (1 male; 2 females) were collected from a local
population in September and held in captivity under short
photoperiod until mid-May, at which time they had reached
adulthood. Birds were sacrificed by decapitation, and their
brains (not including the spinal cord) were removed and
frozen by immersion into Freon, then stored at — 70°C for
4 days, at which time they were processed. No decrease in
opioid binding activity was detected in brains that were
stored for at least 1 year in identical conditions (Deviche
and Gulledge, unpublished).

Brains were thawed and homogenized on ice using a
glass pestle and homogenizer. Homogenates were pooled,
transferred to a 12 X 75 mm plastic tube, and frozen in
Freon. Frozen sections (thickness: 30 uwm) were collected
onto serially numbered gelatin-coated microscope slides (3
sections/slide). They were dehydrated overnight at 4°C
under partial vacuum and stored a —70°C in air-tight
boxes until used. In previous studies, individual sections
contained 150-300 ug proteins (depending on the ho-
mogenate) as measured by the Lowry’s et al. technique
[6,17], and sections prepared from a same homogenate
contained consistent amounts of proteins (e.g., n= 8 sec-
tions: 304 + 25 g protein/section; coefficient of varia-
tion: 8.2%).

Competition curves. Sections were incubated as previ-
ously described [6]. Briefly, they were thawed and pre-in-
cubated for 30 min at room temperature in buffer contain-
ing 150 mM NaCl to dissociate endogenous ligands. Sec-
tions were then rinsed twice in a large volume of buffer
and incubated in sodium-free buffer (600 wl/slide) con-
taining either [*H]pCI-DPDPE (47.0 Ci /mmol; New Eng-
land Nuclear, Boston, MA) or [*HIDAMGO (489
Ci/mmol; i.d.). To avoid the introduction of artifactual
differences between Nal HCl and MI competition curves,
all dlides to be incubated with a same ligand were pro-
cessed at the same time. Further, slides were used in a
random order, not in the order in which they were filled
with sections. Radioligand concentrations in the incubation
buffer ([*H]pCl-DPDPE: 5.2 nM; [*HIDAMGO: 10.8 nM)

equaled twice their respective equilibrium dissociation
constants (K,) [6]. The incubation buffer also contained
either Nal HCI (Endo Laboratories, New York, NY) or Nal
MI (Research Biochemicals, Natick, MA) at concentra-
tions ranging between 0 (‘‘total binding’’) and 50 mM.
Two slides (i.e., six homogenate sections) were incubated
in each condition. After 1 h ((3H]IDAMGO) or overnight
([*H]pCI-DPDPE) incubation at room temperature in a
humid chamber, slides were repeatedly rinsed in ice-cold
buffer [6] and dipped in ice-cold distilled water. Sections
were immediately wiped from the slides using Whatman
glass fiber filters. Filters were placed into liquid scintilla-
tion counting vias, and filter-bound radioactivity was mea-
sured in a B-counter.

Data analysis. Data (d.p.m. /section) obtained for sec-
tions that were incubated in identical conditions were
averaged. Competition curve parameters (non-specific
binding, apparent Hill coefficient, and unlabeled competi-
tor concentration inhibiting 50% of the specific binding
(ICy,)) were determined using a non-linear curve fitting
technique (LIGAND computer program [23]). Apparent
Hill coefficients were calculated based only on unlabeled
competitor concentrations that inhibited between 5% and
95% of the specific binding [20,21]. Equilibrium dissocia
tion constants (K;) were calculated using Cheng and Pru-
soff’s equation [3], based on K, values obtained from
equilibrium binding isotherms [6].

At equilibrium, only a small fraction (< 10%) of the
total amount of radioligand available for binding should be
specifically bound to the tissue [21]. In the present investi-
gation, 314 fmol /600 wl [*H]pCI-DPDPE or 6.5 x 10°
fmol /600 ul [*HIDAMGO was initially dispensed onto
the dides. At equilibrium, the specific binding accounted
for 80% ([*H]pCI-DPDPE) and 77% ([*HIDAMGO) of the
total binding; further, less than 3% /section of the amount
of radioligand present in the incubation medium ([*H]pCl-
DPDPE: 7.6 fmol; [*H]DAMGO: 10.02 fmol) were specif-
ically bound per section.

Competition curves between [3H]pCI-DPDPE or
[*H]IDAMGO and either Nal HCI or Na M1 are shown on
Fig. 1, and binding parameters are presented in Table 1.

Nal HCl and MI both inhibited the specific binding of
the radioligands to their receptors in a dose-related man-
ner. Apparent Hill coefficients were in all cases close to
unity, suggesting that binding reactions followed mass
action principles.

The affinity of Nal MI for w opioid receptors is consid-
erably less than that of Nal HCI (K; ratio: 10.2/117.4 X
100 = 8.7%). Similarly, Na MI bindsto & receptors with
a much lower affinity than Nal HCI. In this case, however,
the K, ratio equals only 3.7%. The relative affinity of the
two competitors for 6 and w receptors, therefore, is opioid
receptor type-specific.

The present study determined in vitro parameters of Nal
HCl and MI binding to avian brains by incubating dlide-
mounted whole tissue homogenate sections in the presence
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of labeled ligands, then removing sections from the dlides,
and finally measuring tissue-bound radioactivity by liquid
scintillation. Compared with in vitro receptor autoradiog-
raphy, this technique has the advantage of eliminating
potential errors that are associated with measuring relative
optical densities from films and with extrapolating receptor
densities from the values of calibrated standards. It has
been used to successfully characterize opioid receptors in
nervous tissues of juncos [6] as well as of mammals
[9,14,16,24].

The results demonstrate that Nal HCI binds with a high
affinity to junco brain opioid receptors, as it does in
another bird species (chick, Gallus domesticus [1,4]). Junco
brain Nal HCI affinity constants for 8 and w receptors are
generaly similar to those reported in mammalian investi-
gations [13,28,32]. With previous studies characterizing
opiate agonist binding to junco brain tissues [6], these
observations support the idea that avian and mammalian
brain opioid receptors have similar properties with regards
to opioid antagonist binding.

Numerous parameters are likely to modulate the behav-
ioral and/or physiological effects of Na HCl and MI
given systemically. These include the distribution of these
drugs in various body components, the ease at which they
cross the blood—brain barrier, their metabolism, and their
degradation rates. The interpretation of studies comparing
the influence of these antagonists after peripheral adminis-
tration also requires knowledge of their relative affinities
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Fig. 1. Dose-related inhibition of the specific binding of [*H]pCI-DPDPE
and [*HIDAMGO to & and u brain opioid receptors, respectively, by
naloxone (Nal) HCI or its quaternary derivative, Nal methiodide (M1).
Each point represents the mean (+S.D.) of six vaues. Note that some
S.D. values are contained within the corresponding symbol.

Table 1
Characteristics of the inhibition of [3H]pCI-DPDPE and [*H]DAMGO
binding to brain opioid receptors by naloxone methiodide

Labeled ligand Competitor Ratio (2/1)
Na HCI (1) Na Ml (2)

[3H] pCI-DPDPE

App. Hill coefficient —-1.08 -110

ICs, (Mean+ S.E.; nM) 559436 1.5x10°+0.1x10°

K; (nM) 17.7 476.7 26.9

[*HIDAMGO

App. Hill coefficient -091 —-0.72

ICg (mean+SE.;nM) 325+6.9 373.2+54.3

K, (nM) 10.2 117.4 115

for opioid receptors. Previous investigations found quater-
nary opioid antagonists to have a considerably less in vivo
and in vitro potency than their parent compounds. Simi-
larly, Nal MI exhibited a markedly lower (over 90%)
affinity than Nal HCI for junco central opioid receptors. In
other studies, the relative in vitro potencies of quaternary
and tertiary opiate antagonists were generally determined
by performing competition studies between these drugs
and ligands that non-selectively bind to several opioid
receptor types ([*H]etorphine [2]). As a result, potential
affinity differences between quaternary and tertiary com-
pounds for &, u or k opioid receptors separately were not
identified. The present report shows the affinity of Nal Ml
for & and u receptors to be 3.7% and 8.7% (a 2.5 X
ratio), respectively, that of Nal HCI. Thus, differences in
affinity between Nal MI and Nal HCI are receptor type-
specific.

Since naloxone quaternarization markedly decreases the
affinity of the resulting compound for central opioid recep-
tors, the design of experiments comparing the effects of
the two drugs after systemic administration should take
this difference into account. Specifically, such experiments
should include dose-responses to the two compounds over
a wide range of concentrations. Further, the decrease in
affinity for central opioid receptors of naloxone M|l com-
pared to its tertiary parent compound is larger for 6 than
for u opioid receptors. Thus, quaternary naloxone may be
of little use for studying mechanisms involving central &
in addition to w opioid receptors. Opioid receptors are
widely distributed peripherally as well as centrally. Addi-
tional studies examining the relative affinities of tertiary
and quaternary naloxone for each opioid receptor type in
peripheral tissues are warranted to improve our under-
standing of the behavioral and physiological effects result-
ing from the peripheral administration of these compounds.
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