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PARONIS, C. A., A. B. WADDELL AND S. G. HOLTZMAN. Naltrexone in vivo protects p receptors from inactiva-
tion by B-funaltrexamine, but not x receptors from inactivation by nor-binaltorphimine. PHARMACOL BIOCHEM BE-
HAV 46(4) 813-817, 1993. —The ability of the competitive opioid antagonist, naltrexone, to protect opioid receptors from
inactivation by the nonequilibrium antagonists, 8-funaltrexamine (8-FNA) and nor-binaltorphimine (nor-BNI), was examined
in vivo. Male rats were injected SC with 10 mg/kg naltrexone or saline, 30 min before being injected intracisternally (IC) with
water, 10 ug 8-FNA, or 1.0 or 10 g nor-BNI. The rats were tested for analgesic responses to either U69,593 (nor-BNI
groups) or morphine (8-FNA groups), on a 50°C hot plate, 24 h later. Morphine produced dose-related increases in the
latency to paw lick in rats that received water (IC) (mean EDg, = 3.2 mg/kg). Little or no analgesia occurred after 1.0-30
mg/kg of morphine in animals that had received saline (SC) and 10 ug 8-FNA (IC) 24 h earlier. Pretreatment with 10 mg/kg
naltrexone attenuated the antagonist effects of -FNA (morphine EDy, = 10.8 mg/kg). U69,593 also produced analgesia in
animals that received water (IC) (EDs, = 0.97 mg/kg). This analgesia was dose-dependently blocked by nor-BNI for up to 7
days. Naltrexone did not inhibit the actions of nor-BNI. Thus, naltrexone prevented inactivation of u receptors by 5-FNA
but not inactivation of « receptors by nor-BNI, suggesting that antagonist interactions with u receptors are different from

those with « receptors.

B-Funaltrexamine Nor-binaltorphimine

In vivo protection

NOR-BINALTORPHIMINE (nor-BNI) is a «-selective antag-
onist both in vivo and in vitro (13,15). Nor-BNI does not have
an alkyl moiety that would suggest it is capable of covalently
binding to a receptor. Nevertheless, the x-opioid antagonist
effects of nor-BNI persist at least 3 weeks in vivo following a
single central injection of the drug (7,9). Similarly, although
the effects of nor-BNI in smooth muscle preparations are re-
versible, 3 h of repeated washings are necessary for the return
of the preparations to their basal activity (2). The mechanisms
responsible for the long duration of action of nor-BNI are not
yet known, though several explanations have been suggested.
Included among these possibilities are the sequestration of
nor-BNI, slow diffusion of the molecule out of the central
nervous system, or a conformational change of the x-opioid
receptor.

The opioid antagonist, S-funaltrexamine (8-FNA), will
bind to p, 8, and « sites, although it has a relatively higher
affinity for u-opioid receptors (4). In contrast to the uncer-
tainty regarding the longevity of nor-BNI activity, the non-
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competitive nature of 3-FNA is believed to be caused by alkyl-
ation of u-opioid receptors. The number of u binding sites is
decreased following 8-FNA treatment either in vitro or ex vivo
(16,18), and a single injection of 8-FNA will antagonize the
analgesic effects of morphine for up to 5 days (17).
Inactivation of receptors by irreversible antagonists can be
prevented by pretreatment with competitive ligands. This tech-
nique is often used in vitro to protect specific receptor popula-
tions in a tissue. For example, in the presence of dynorphin A,
the alkylating agent §-chlornaltrexamine will only inactivate
8- and p-opioid receptors, resulting in a tissue that contains
k-opioid receptors almost exclusively (8). Similarly, the irre-
versible binding of the u-opioid antagonist 8-FNA to guinea
pig brain membranes can be prevented by pretreatment with
naloxone or morphine (16). Few studies have examined drug-
induced protection of receptors in vivo, although some investi-
gators have had success with this method (3,14). In the present
experiments, we sought to determine in vivo whether pretreat-
ment with naltrexone, an opioid antagonist that binds with
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high affinity to all opioid receptors, would protect u- or «-
opioid receptors from inactivation by 8-FNA or nor-BNI, re-
spectively. Protection was assessed by the ability of morphine
or U69,593, u- and x-opioid agonists, respectively, to elicit an
analgesic response in rats that had been pretreated with the
various opioid antagonists.

METHOD

Subjects

Male rats of Sprague-Dawley descent (Charles River, Inc.,
Raleigh, NC), weighing 250-400 g at the start of the experi-
ment, were used. Rats were group housed in standard labora-
tory cages and kept in a temperature-controlled colony room
with a 12L : 12D cycle (lights on at 7:00 a.m.). Food (Purina
Rodent Chow; Purina Mills, St. Louis, MO) and water were
available ad lib. All testing was done between 9:30 a.m. and
12:30 p.m.

Experimental Procedure

Animals were divided into nine groups of eight rats each.
On day 0 of the experiment, the animals were weighed and
injected SC with either saline or 10 mg/kg naltrexone. Thirty
minutes later they were injected intracisternally (IC) with 1.0
or 10 ug nor-BNI (1.51 or 15.1 nmol, respectively), 10 ug
B-FNA (20.4 nmol), or distilled water. Twenty-four hours
after the IC injections, the animals were tested for an analgesic
response to either U69,593 (nor-BNI groups) or morphine
(8-FNA groups), using a cumulative dosing procedure. The
rats that received nor-BNI were retested with U69,593 7 days
later.

Analgesia Testing

Rats were placed on a 50°C hot plate surrounded by clear
Plexiglas walls (26.5 x 29 x 28.5 cm). A lick of a rear paw,
or a jump (all four paws off the surface of the hot plate)
signified a response and ended the trial. A foot-activated timer
was used to measure the latency to paw lick or jump. Rats
were given two habituation trials, separated by at least 15 min.
The third trial was used as the baseline measure, and was
immediately followed by an injection of the lowest dose of
either U69,593 or morphine. Testing continued at 25-min in-
tervals, each trial followed by the next cumulative dose of
drug, until the animals failed to respond within 35 s or until
the maximum dose of drug was given.

Intracisternal Injections

Animals were lightly anesthetized with halothane (Halocar-
bon Laboratories, North Augusta, SC). The back of the rat’s
neck was shaved and cleaned with alcohol, and the rat was
placed in the earbars of a stereotaxic device. The head of the
animal was held perpendicular to the body axis as a 25-ga
needle, attached to a 50-ul Hamilton syringe, was inserted in
the cisterna magna to a depth of 5 mm. A 5-10-ul injection
was delivered over 20-30 s and the needle was held in place
for an additional 20-30 s before being withdrawn.

Data Analysis

Latencies to paw lick are expressed as percent maximum
possible effect (%oMPE) (5):
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test latency — baseline latency

%MPE = n :
cut-off time (35 s) — baseline latency

X 100%

The transformed data were used to calculate EDy, values for
individual animals. Where an ED;, could not be calculated
reliably in individual animals (e.g., for rats that failed to show
a greater than 50% MPE), an EDy, was calculated from
pooled data of the entire group. Baseline paw lick latencies of
all groups on day 1 were subjected to a one-factor ANOVA.
Baseline paw lick latencies of animals tested with U69,593
were subjected to a two-factor ANOVA (pretreatment X day
of test), with repeated measures on one factor (day of test).
The ANOVA was followed by a “protected” ¢-test (i.e., Stu-
dent’s r-test corrected for multiple pairwise comparisons) to
identify significant differences across the pretreatment and the
test days.

Drugs

Morphine sulfate (Penick Corp., Newark, NJ) and naltrex-
one hydrochloride (Sigma Chemical Co., St. Louis, MO) were
dissolved in normal (0.9%) saline. U69,593 [National Institute
on Drug Abuse (NIDA), Rockville, MD] was dissolved in a
3: 2 solution of 8.5% lactic acid and 1.0 N NaOH. All of the
above drugs were injected SC in a volume of 1.0 ml/kg. 8-
FNA (NIDA) and nor-BNI (Research Biochemicals Inc., Na-
tick, MA) were dissolved in distilled water. Drug doses are
expressed as the free base.

RESULTS

Administration of saline or naltrexone, 24.5 h before the
start of analgesic testing, and IC injections of water, 8-FNA,
or nor-BNI, 24 h before testing, did not significantly alter
baseline latencies to paw lick, F(8, 63) = 1.26, p = 0.276
(Table 1). A two-way ANOVA of the baseline latencies of
animals tested on days 1 and 7 with U69,593 revealed a signifi-
cant interaction between pretreatments and day of testing,
F(4, 35) = 3.25, p = 0.022; however, there was no distinct
pattern of differences among baseline measures, and there
were no differences for the main effects of treatment, F(4,
35) = 0.851, p = 0.505, or day of test, F(1, 35) = 0.900,
p = 0.649.

Morphine produced dose-dependent analgesia in animals
that had received IC injections of distilled water 24 h earlier
(Fig. 1). The mean analgesic EDy, of morphine (with 95%
C.L.) was 3.2 mg/kg (2.6, 3.7) in animals pretreated with

TABLE 1
BASELINE LATENCIES TO PAW LICK

Pretreatment Day 1* Day 7t
Sal/H,0 10.4 + 0.7 9.6 + 0.8
Ntx/H,0 94 + 0.7 9.0 + 0.8
Nor-BNI (1 ug) 114 £ 1.0 84 + 0.8
Sal/nor-BNI 102 + 1.2 9.8 + 0.8
Ntx/nor-BNI 8.0 £ 0.6 10.2 + 0.8
Sal/B-FNA 9.1 £ 0.6

Ntx/B8-FNA 98 £ 1.0

Values are mean + SEM in seconds (n = 7-16).

*Twenty-four hours after IC injection.

tSeven days after IC injection. Data are only for rats
tested with U69,593.
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FIG. 1. Dose-effect curve of morphine in animals that received in-
jections of: (O) distilled water (IC), ([J) 10 g 8-FNA (IC) + saline
(SC), or (M) 10 ug B-FNA + 10 mg/kg naltrexone (SC) 24 h before
analgesic testing. Abscissa: cumulative morphine dose in mg per kg.
Ordinate: Percentage of M.P.E. Each point represents the mean of
8-15 animals and vertical lines are 1 SEM.

saline (SC), and 4.8 mg/kg (2.6, 7.0) in animals that received
10 mg/kg naltrexone (SC); these values were not statistically
different, #(14) = 1.313. Because naltrexone did not have an
effect on the morphine dose-response curve, the data from
the two groups were combined.

An IC injection of 10 ug B-FNA blocked the analgesic
activity of up to 30 mg/kg morphine (Fig. 1). Pretreatment
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FIG. 2. Dose-effect curve of U69,593 in animals that received injec-
tions of: (@) distilled water (IC), (W) 1.0 ug nor-BNI (IC), or (A) 10
ug nor-BNI (IC) 24 h before analgesic testing. Abscissa: cumulative
U69,593 dose in mg per kg. Ordinate: Percentage of M.P.E. Each
point represents the mean of 7-8 animals and vertical lines are 1 SEM.

with 10 mg/kg naltrexone, 30 min before the 8-FNA injection,
attenuated the actions of 8-FNA. Thus, morphine produced
a full analgesic response in animals that had received both
naltrexone and B-FNA, albeit the morphine dose-response
curve was shifted more than twofold to the right of the curve
established in control animals. The ED,, of morphine in ani-
mals that received naltrexone and S-FNA was 10.8 mg/kg
(6.4, 15.2).
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FIG. 3. Dose-effect curve of U69,593 in animals that received injections of: (O) distilled
water (IC), (OJ) 10 ug nor-BNI (IC) + saline (SC), or (l) 10 ug nor-BNI (IC) + 10 mg/kg
naltrexone (SC). (A) Depicts the analgesic activity of U69,593, 24 h after the IC injections of
water or nor-BNI, (B) depicts the analgesic activity of nor-BNI 7 days after the IC injections.
Abscissae: cumulative U69,593 dose in mg per kg. Ordinates: Percentage of M.P.E. Each
point represents the mean of 7-15 animals and vertical lines are 1 SEM. One animal that
received naltrexone before the IC injection of water did not have an analgesic response to
U69,593 24 h later; another animal in that group did not respond to U69,593 on day 7.
Because these data differed by more than 3 SEM from the group means, they were excluded

from further study.
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The x-opioid agonist, U69,593, also produced analgesia as
measured in the hot plate assay. Naltrexone, administered 30
min before the IC injection of water, had no effect on the
dose-response curve of U69,593 and so the data were com-
bined with those of the animals that received saline pretreat-
ments. The mean analgesic EDy, of U69,593, 24 h after IC
injections of water, was 0.97 mg/kg (0.59, 1.35).

Nor-BNI blocked the analgesic activity of U69,593 in a
dose-dependent fashion (Fig. 2). A 1.0 ug injection of nor-
BNI shifted the dose-response curve of U69,593 twofold to
the right; the group EDy, of U69,593 was 1.92 mg/kg. Nor-
BNI (10 ug) administered 24 h before testing eliminated the
analgesic activity of up to 3.0 mg/kg U69,593. The antago-
nism of U69,593 was not diminished in the 7 days following
the nor-BNI injections (Fig. 3). The ED;, of U69,593 in the 1
ug nor-BNI group was 1.52 mg/kg on day 7, and the higher
dose of nor-BNI continued to block the effects of up to 3.0
mg/kg U69,593. The 10 ug dose of nor-BNI antagonized
U69,593 to a greater degree than was seen with 1 ug nor-BNI.
Hence, the higher dose of nor-BNI was used to assess the
ability of naltrexone to protect x receptors from a nor-BNI-
induced inactivation. Naltrexone pretreatment did not affect
the antagonism of U69,593 by 10 ug nor-BNI on either of
days 1 or 7 (Fig. 3).

DISCUSSION

The dose of 8-FNA used in the present experiments antago-
nized the analgesic effects of morphine 24 h later. These re-
sults agree with previous reports that central administration
of 10-20 nmol 8-FNA will lower the slope of the morphine
dose-response curve (1,12). A loss of morphine-induced anal-
gesia has also been reported following much lower doses of
B-FNA (0.2-0.6 nmol) (14). Moreover, Sinchez-Blazquez and
Garzén demonstrated that the u-opioid agonists, morphine
and [p-Ala’, N-Me-Phe"*,Gly-ol*Jenkephalin (DAMGO), in mice
could protect u receptor-mediated analgesia from antagonism
by 0.2 nmol 3-FNA. Our results support and extend these
findings. That is, a 30-min pretreatment of naltrexone was
capable of protecting the analgesic effects of morphine from
antagonism by a dose of 8-FNA two orders of magnitude
greater than that used by Sanchez-Blazquez and Garzén (14).
These results are in accordance with results from other investi-
gators (3), demonstrating that the effects of irreversible antag-
onists can be inhibited in vivo by pretreatment with competi-
tive antagonists. Comer et al. (3) further demonstrated that
the degree of the parallel rightward shift of the morphine
dose-response curve, following pretreatment with naloxone
and clocinnamox, was dependent on the dose of naloxone.
However, even doses as high as 100 mg/kg naloxone failed to
eliminate completely the effects of clocinnamox. That is, even
in the presence of naloxone, the alkylating agent was able to
effect a slight shift to the right of the morphine dose-response
curve.

Nor-BNI antagonized the analgesic activity of the x-opioid
agonist, U69,593, in a dose-dependent fashion. The degree of
antagonism by nor-BNI did not change over 7 days. Other
investigators have already described the long duration of ac-
tion of nor-BNI. Indeed, nor-BNI has been shown to antago-
nize the analgesic effects of 169,593 in mice for up to 4 weeks,
while it was able to decrease the binding of [PH]U69,593 to
mouse brain homogenates for up to 56 days (7). The long-
lasting antagonism by nor-BNI of another x agonist, spirado-
line, in rats also has been reported (9). Our results extend
these observations, demonstrating that nor-BNI will block,
for at least 7 days, the analgesia elicited by U69,593 in rats.
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To date, the mechanisms responsible for the long-lasting
effects of nor-BNI are unknown. We speculated that if the
antagonism induced by nor-BNI is due to the irreversible bind-
ing of nor-BNI to x-opioid receptors, then pretreatment with
naltrexone should prevent the effects of nor-BNI. Although
naltrexone was able to protect u-opioid receptors from inacti-
vation by 8-FNA, the actions of nor-BNI were not inhibited
by the prior administration of naltrexone. It might be argued
that naltrexone failed to protect x-opioid receptors adequately
because it does not have a high selectivity for x-opioid re-
ceptors; it is a nonselective opioid antagonist, with an ap-
proximately tenfold higher affinity for u- than for x-opioid
receptors (10). Nonetheless, naltrexone will antagonize «-
opioid-mediated effects in vivo. For example, doses of less
than 0.3 mg/kg naltrexone will inhibit the analgesic activity
of the x-opioid agonists, U50,488H and U69,593, in rats (11),
and as little as 0.1 mg/kg produces a fourfold shift to the
right of the spiradoline curve in a drug discrimination proce-
dure (6). Therefore, it can be assumed that in the present
experiments we used a dose of naltrexone (10 mg/kg) capable
of occupying «-opioid receptors in vivo.

Because naltrexone was unable to protect x-opioid recep-
tors from inactivation by nor-BNI, our results do not support
the hypothesis that nor-BNI binds irreversibly to the «x-
receptor. It is possible, however, that nor-BNI binds to a site
near the receptor, but not on it, thus causing a steric hindrance
of agonist binding. Such a situation is also suggested by the
binding studies of Horan and colleagues, in which nor-BNI
decreased the affinity of PH]JU69,593 binding, but had no
effect on the number of available binding sites.

Our results, furthermore, do not exclude the possibility
that the longevity of antagonism by nor-BNI is due to a long
elimination half-life of the drug. To date, there are no phar-
macokinetic data available for nor-BNI; however, it has been
proposed that nor-BNI diffuses slowly across the blood-brain
barrier (15). The simple explanation of slow diffusion across
the blood-brain barrier, however, is probably not the sole
mechanism for the long duration of action of nor-BNI. Sys-
temic administration of nor-BNI will antagonize the analgesic
effects of x-opioid agonists within 90-120 min after injection
(2,15). Whereas this 1-2-h lag time does support a slow diffu-
sion rate, it also demonstrates that 2 h is time enough to allow
diffusion of nor-BNI into the central nervous sysiem. Thus, it
is unlikely that 3 weeks are needed for the drug to diffuse out
of the central nervous system, if its movement is dictated
solely by the law of mass action.

It is possible that the elimination of nor-BNI is prolonged
by partitioning into cell membranes, resistance to metabolism,
or even formation of an active metabolite that is less able
to diffuse across the blood-brain barrier. Finally, the long
duration of action of nor-BNI could be a consequence of
multiple factors acting in concert, none of which alone pro-
vides a satisfactory explanation for the 3-8-week effects of
nor-BNI.

In conclusion, we have shown that the opioid antagonist,
naltrexone, is capable of protecting p-opioid receptors from
inactivation by the irreversible antagonist, S-FNA, in behav-
ing rats. However, naltrexone pretreatment was unable to at-
tenuate the actions of the x-opioid antagonist, nor-BNI. Thus,
our results indicate that the interactions of naltrexone and
B-FNA at the receptor level appear to be different from the
interactions of naltrexone and nor-BNI.
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