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,Abstract Administration of opiate flFoni\ts and antagonists to mice producch a dohe-depcndcnt 50 100 

per cent cnh:mcement of stercospeclhc [“H ]dihqdromorpllinc 01 [‘H ]nalorionc binding to brain homo- 
genates within 5 min. Three opiate aniagoni\th are I& 1000 time\ more potent tn eliciting thi\ increase 

m binding than their structtuallc analog)u\ agonists. Naloxonc. the antasoni\t with the least agonict 
activity. is the most potent drug.in producin f receptor cnhanccmcnt. Implantation of morphine pellets 

in mice incrcascs receptor binding 30 I00 pcl- cent Ihr 3 IOX hr aith no time-dependent trend. Dru_p- 

induced rcccptor hlnding enhancement appear\ to in\olvc an inucacc 111 number of hindlnp sites rather 

than a change in receptor aflinity. Sodium, u hich incrcascs hlnding of opiate antagoniata in normal 

mouse brain homogenate. fails to incl-ease binding of [3H]n:lloxonc in homogenates Jeri\ed from 
nalouonc-inltlcted mu. 

A number of theories have been proposed to explain 
the mechanism of tolerance and physical dependence 
to opiates [I]: some propose that these phenomena 
reflect the same underlying process. while others sug- 
gest that they are distinct. Certain theories of opiate 
addiction have related tolerance and or physical 
dependence to an alteration in the number of opiate 
receptors [2.3]. 

Based on the criteria of Goldstein (‘I rrl. [4] that 
opiate receptor binding to brain homogenates should 
be stereospecific. we have utilized a rapid filtration 
method to identify rc\ersible opiate receptor binding 
interactions [5. 61. with results like others 17. S]. 
Thcsc interactions appear to bc ph~~rrnncolopic~~l~~ 
relevant. because many nonradioactive opiates bind 

to the receptor with an alfinit\ that reflects their 
potency i/z riro. Radiolabeled opiate agonists such as 

etorphinc [X] and levorphanol. oxqmorphone anti 
dih>dromorphinc 191. as well as antagonists such as 

naloxonc [S. 61. levallorphan and nnlorphinc. bind 
specifically and appear to cotnpetc for the same popti- 
lation of sites [‘,I. 

Recently. we reported differential enhancement of 
opiate receptor binding in mouse brain by treatment 
in rir,o with opiate agonists and antagonists[9]. In 
the present study, wc have examined in greater detail 
the influence of administration in riro of opiate recep- 
tor binding. In addition. we have monitored altcr- 
ations in receptor binding in mice rendered tolerant 
to and physically dependent on morphine. 
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Laboratories. Garden City. N.Y.: levorphanol. dex- 
trorphan and Icvallorphan from Roche Laboratories, 
Nutley, N.J.: pentazocine from Winthrop. Rochester, 
N.Y.: and nalorphine was purchased from the Merck 
Chemical Co. 

Morphine pellets (75 mg) were implanted in male 
Jackson mice (3@ 35 g) under light anesthesia in the 
dorsal subcutaneous space [lo]. Control mice were 
implanted with placebo pellets composed of the iden- 
tical inert ingredients [I I]. In later experiments. 
sham-operated mice in which a small incision had 
been made under anesthesia were used as controls. 
Values for pl~icebo-implaiited mice. sham-operated 
mice and naive mice are indistinguishable. 

At various times after drug injection intraperi- 
toneally, or pellet implantation. mice were killed by 
ccrl ical dislocation and each brain was individually 
homogenized in I4 ml of 0.05 M TrissHCl buffer, 
(pH 7.4 at 37 ) for 20s~ (Polytron PT-IO homogen- 
izer. 3000 rcv,min). Before assaying for opiate recep- 
tor bind@ it LVZIS imperati\c to remove virtually all 
the nonradioactive morphine. since low concen- 
trations inhibit binding [5. 61, Brain homogenates 

from control and treated mice were centrifuged at 
1 X,OOOq for IO min. the supernatant fluid was dis- 
carded and the pellet ~vas resuspended in 14ml of 
cold Tris bufTer. This washing procedure was repeated 
and after a third centrifugation each homogenate was 
suspended in 75 ml of the bufler for individual assay. 

Homogenates ( 19 ml) were incubated in triplicate 
in the dark for 30min at 25 in the presence of 
10- _ M levorphanol or IO-- M dextrorphan after the 
addition of [“Hldihydromorphine (I x 10- ’ M final 
concentration) or [“Hlnaloxone (1 x IO- ’ M final 
concentration). Assays conducted in 100 mM sodium 
employed levallorphan and ( +)-hydroxy-N-allyl-mor- 
phinan instead of levorphanol and dextrorphan. 
Samples were filtered as prebiously described [S, 63 
and washed with two 5-ml portions of ice-cold Tris 
bult‘er. After extraction. the filters were counted by 
liquid scintillation [5. 61. Specific opiate receptor 

847 



I’ 



Opiate receptor X49 

the proportional increase in binding in different ex- 
periments are not clear. At 156 hr no increase in 
receptor binding is detectable. 

Because apparent maximal increases in receptor 
binding occur at the earliest time point studied after 
morphmc pellet administration. carlior times bverc 
examined by administering morphine intraperi- 
toneally. As early us 5 min after injection, morphine 
elicits ;I 75 per cent enhancement in receptor binding 
(Table 1). 

Way et (I/. [IO] have closely examined the develop- 
ment of tolerance and physical dependence in mice 
implanted with morphine pellets using conditions 
identical to those of the present study. Tolerance to 
the analgesic ell’ccts of morphine and withdrawal 
symptoms precipitated by naloxone increase gradu- 
alI\ and peak 3 days after pellet implantation, when 
animals are tolerant to doses fice times those required 
to elicit analgesia in miive mice. At I56 hr. no analge- 
sia or physical dependence is apparent [IO]? since. at 
this time, the pellets arc isolated by connective tissue 
and no longer release morphine. The early enhance- 
ment of receptor binding in our experiments fails to 
correlate with the slower development of tolerance 
and physical dependence in mice treated with mor- 
phine pellets [IO]. 

Four hr after pellet removal. there is a lesser en- 
hancement of opiate receptor binding, and IO.5 and 
24 hr after pellet removal no elevation in binding can 
be detected. Animals which have two sequential mor- 
phine pellets exhibit no greater enhancement of bind- 
ing than animals with only one pellet. Moreover, 
chronic injections of morphine for 1 week produce 
no greater increase in binding than pellet administ- 
ration (Table I ). 

To evaluate the possibility that enhanced receptor 
binding is related to general behavioral excitation or 
depression, we measured [“Hldihydromorphine bind- 
ing in the brains of mice treated with large doses 
of reserpine for 3 days, sodium pentobarbital for I2 hr 
or tl-amphetamine for 2 days (Table 1). None of these 
treatments alters specific receptor binding. 

The enhanced receptor binding after morphine 
treatment might reflect an increase in the number of 
receptors or a change in affinity with no alteration 
in total number of apparent receptor sites. These pos- 
sibilities were compared by measuring binding at nine 
diflt-rent concentrations of [“Hlnaloxone, which gives 
similar results to [‘Hldihydromorphinc. Twelve hr 
after morphine pellet implantation the extent of in- 
crease in receptor binding. about 55 70 per cent. is 
similar between 0.15 and 2nM [“Hlnaloxone. The 
atinitp constant. determined by double-reciprocal 
anal)& (Fig. I) for [“HJnaloxonc. is about 1 nM 
both for control and trcatcd mice. The apparent total 
number of binding sites is increased 60 per cent in 
morphine-trcatcd animals. Thus. morphine treatment 
appears to increase the number of opiate receptor 
binding sites in the brain. 

Receptor binding was measured in several regions 
of mouse brain 2 hr after morphine implantation. The 
extent of increased binding is not significantly dialer- 
ent in telenccphalon. midbrain-diencephalon and 
hindbrain (Table 2A). The enhancement of receptor 
binding by opiate treatment j/7 r.iro is similar in all 
subcell&r fractions examined (Table 2B). A 64 74 

per cent enhancement of binding is observed in crude 
nuclear (I’,), crude mitochondrial (I’,) and crude mic- 
rosomal (P,) fractions. As in na’ive animals. the great- 
est total amount of binding occurs in the P2 fraction, 
while the highest specific activity is noted in P,. con- 
sistent with earlier studies of the subcellular distribu- 
tion of stereospecific [‘Hlnaloxone and [“Hldihydro- 
morphine binding [5. 12). 

(‘ornptr,~i.sorl of qIi”‘CJ tr(/oni.st.s ctrlrl trrzfrKJ0nist.s. 
Three opiates and their corresponding antagonists 
were administered in ;I variety of doses. and receptor 
binding was examined 2Omin later (Table 3). The 
opiate antagonists are ItXlOOO times more potent 
than their corresponding agonists in enhancing recep- 
tor binding. Thus, nalorphine increases receptor bind- 
ing 37 per cent at @?mg:kg, while morphine has no 
effect at 2 rng/ kg and evokes a 35 per cent enhance- 
ment at lOmg,kg. Naloxone appears to be yet more 
potent than oxymorphone. its corresponding agonist. 
At 0.02 mg,‘kg naloxone elicits a statistically signifi- 
cant, 1 I per cent, elevation in receptor binding with 
a 60 per cent increase at 0.2 mgkg. By contrast. oxy- 
morphone produces no effect at 2 or lOmg/kg and 
a 59 per cent rise at 20 me/kg. Thus, while nalorphine 
is 1 tX 50 times more potent than morphine, naloxone 
appears to be lo@lCOO times more potent than oxy- 
morphone in enhancing receptor binding. Levallor- 
phan increases binding 27 per cent at 0.1 mg;kg, while 
levorphanol failils to alter binding at 0.5 mg/kg. Dex- 
trorphan. the analgeticaliy inactive enantiomer of 
levorphanol. fails to alter binding at 2Omg;kg. 

Pentazocinc. a partial agonist which is an effective 
clinical analgesic, is also able to enhance receptor 
binding in relatively low doses. 

Like morphine, naloxone exerts its effects rapidly. 
Ten min after injection, binding enhancement is as 
great as after 20 min. At 60min there seems to be 
a somewhat lesser increase in receptor binding, while 
at 120min no elc\.ation of binding can be detected. 

I 

['H-NAL~XONE] 
x IOPmoles-~ 

Fig. I. Influence of naloxone injection on stereospecific 
bindin.g of wrving concentrations of r2Hlnaloxone. F‘ive 
mice &e inj&cd with 0.1 mg,kg of naioxone or O.Y”,, 
NaCI and hilled 20 men later. After ‘w:iahing’ as described 
tn Methoda. the c\perimcntal (@ -0)‘ and control 
(t -0) homogenates wre assayed at nine concen- 
trations of [.‘H]naloxone (0.15 to 2 nM). Each point rep- 
results htercospecitic binding from triplicate determina- 
tions of binding in the presence of levallorphan (0.1 /tM) 
or its ( + )-iwmer (0.1 i(M). The experiment was replicated 

three times. 



x50 c‘. B. PI KI and S. H. Sh\l l)l K 

Table 3. Rclati\e ahilitich of opiate antagonist\ and agonl\t\ admini\tcrcd iu I it o 1~1 cnhancc \tct-uyculic [ ‘I I ]dih!dl-o- 
morphine hindin~* 

Morphine SO, 

Nalorphinc SO, 

Oxymorphone HCI 

Nalwone HC‘I 

Levorphunol tartrate 

Levallorphan tartrate 

Dextrorphan tartrate 

Pentazocine 

.’ 0.02 
o-01 
0~02 

” ,M, 

0.01 
’ o-02 

0.02 

o-07 

!)~(I1 
0~01 
o-01 
o-01 

04li 
/ I)-07 

04~ 
_ O.OI 
.-o-01 

* Drugs were injected intraperitoncallq and mice mere decapitated 20 mm later. (‘ontrol and c\perimcntal mlcc \*wc 
killed alternately. Statistical significance ~vas h; the Mann Whitne> II rank tc\t. Each cxperlmcnt in\ol\cd goupq 
of se\cn control mice and bekcn drug-treated mlcc \\ Ith indi\ldual mouse brains a\\a>cd in trlpllcatc. 
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15Jfw c~f’rc~srrpinr 0t1 r~trlo.~oi~r-irltltict~[l mh~mwncw 
of’opirrte hirltlirlg. Numerous investigators have postu- 
lated that opiate action, tolerance and physical depen- 
dence may be related to influences of these drugs 
upon the neurotransmitters serotonin and the cate- 
cholamines [13]. Doses of reserpine which massively 
deplete norepinephrine. dopamine and serotonin from 
the brain do not alter opiate receptor binding (Table 
I). To determine whether endogcnous levels of cate- 
cholamines and scrotonin are required for the 
enhanced receptor binding, we examined the influence 
of rcserpine (5 mg.kg! on the naloxone-induced in- 
crease of binding (Fig. 2). This dose of reserpine. 
\I hich depletes brain catecholamines and serotonin b> 
90 per cent or more. does not atTcct the naloxonc- 
induced increase in binding. 

Inrertrt~riotl~ 1wt~~wv1 trgorzist.s trrd mttrgonists. To 
determine whether antagonists and agonists adminis- 
tered together increase receptor bindmg to a greater 
or lesser extent. mice were injected with doses of 
naloxone or morphine or both drugs simultaneously 
(Table 4). Naloxone and morphine alone produce a 
30-60 per cent increase in binding. No further in- 
crease is obtained when the two drugs are combined. 

When mice are rendered tolerant and physically 
dependent to morphine after pellet implantation. they 
become exquisitely sensitive to naloxone. At the time 
of maximal tolerance. withdrawal symptoms can be 
precipitated by much smaller doses of naloxone than 
are required to precipitate withdrawal when the ani- 
mals are less tolerant [IO]. To determine whether the 
naloxone-induced increase in receptor binding is cor- 
related with these changes in sensitivity to naloxone, 
we assessed the abilit) of two doses of naloxone to 
affect opiate receptor binding in naive as well as 

hi@ly tolerant mice 2.5 to 3 days after pellet implan- 
tatlon (Table 4). The total elevation of opiate receptor 
binding produced by nuloxone in morphine-pelleted 
animals is not sirmificantly ditrerent from the eleva- 
tion of receptor bynding in naive animals injected with 
naloxone. Moreover. the highly tolerant mice do not 
appear to have been ‘senszized’ to naloxone. Both 
in naive mice and in mice 3 days after morphine pellet 
implantation. 0.01 mg.kg of naloxone does not signifi- 
cantly alter receptor binding, although this dose did 
produce diarrhea. a symptom associated with with- 
drawal. in the morphine-pelleted animals treated with 
naloxone. 

Some workers have suggested that opiate anta- 
gonists enter the brain more readily than 
agonists [ 141, which conceivably could account for 
the greater potencies of opiate antagonists in enhanc- 
ing receptor binding. Accordingly, we injected mice 
intraperitoneally with 1 mg:‘kg of C3H]oxymorphone 
and [“Hlnaloxone and measured brain tritium levels 
for the drugs 20min later, when receptor binding is 
enhanced (Table 5). Greater than 80 per cent of brain 
tritium represents unmetabolized [“Hlnaloxone and 
[“Hloxymorphone as determined by thin-layer chro- 
matographic analysis. No difference can be detected 
between brain tritium levels for the two drugs. In 
these experiments it was also possible to assess the 
efficacy of the washing procedure employed for 
removing injected agonists and antagonists prior to 
binding assay. Virtually all the tritium in the brains 
of the mice treated with [3H]naloxone or [3H]oxy- 
morphone is removed by this washing procedure 
(Table 4). 

n - 
CONTROL NALOXONE RESERPINE NALD+XONE 

(O.ZmQ/kQ) 
RESERPINE 

Pig. 2. Etfect of reserpine on naloxone-induced receptor 
binding enhancement. On 3 successive days. eight mice 
were injected with 15 mpkg of reserpine or an equal 
volume of vehicle. On day 4. control and reserpine-treated 
mice were injected hith 0.9”,, NaCl or 0.2 mg kg of nalox- 
one and killed 20 min later. [“HlDihydromorphine hind- 
ing was assessed individually on the eight mice in each 
group 3s described in Methods. The lines above ench bar 

depict the magnitude of the S. E. M. 

Table 3. Influence of combined treatment with naloxone and morphine on opiate receptor binding* 

Stereospecific [“Hldihydromorphine binding (fmoles’mg tissue) 

(1) 
(2) 
(3) 

(41 

Control 

2.84 & 0.30 
9.31 + 0.32 
G3 ; 0.21 

2.02 + 0.19 

Naloxone 

1.57 + o-:I-? 

3.61 -+ 016t 
4.44 + 0.24+ 

I.86 + 01X 

Dose 
(mg kg) 

10 
6 
2 

0.01 

Morphine 

4.10 + 0.44t 
i-34 * 0.24+ 
-3.5, + 0.17t 

2.69 + 025t _ 

Dose 

10 mg. kg 
6 mg, kg 

75 mg pellet 
(2.5 days) 

75 mg pellet 
(3 days) 

Naloxone and 
morphine 

4.27 * 0.21 
3.45 5 0.1X? 
4.78 + @.24? 

1.35 + 022t _ 

* In Expts. 1 and 2. mice recei\,ed intraperitoneal injcctlons of naloxone, morphine, the two drugs together or 0.15 M 
NaCI and were killed after 20min. In Expts. 3 and 4. mice were implanted with morphine or placebo pellets and 
after 60 hr (Expt. 31 and 72 hr (Expt. 4) received intraperitoneal injections of naloxone or 0.15 M NaCl and were 
killed 5 min 13~. Data are the mean values i S. E. M. for groups of six to ten mice. 

f Dil?ers from control values. P < 0.05. 
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Effect of .sotliurn. We have previously reported that 

sodium increases the number of [‘H]natoxone bind- 

ing sites [9]. We examincd the abilit\i of sodium to 
increase [3H]naloxone binding in mice injected with 

naloxone (Fig. 3). Although naloxone injection pro- 
duces the expected SO per cent increase over control 
mice. homogenates from the naloxone-treated mice 
show a greatly dimimshed stimulation by sodium. 
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enhancement, whatever its mechanism, is closely cor- 
related with the properties which determine narcotic 
antagonist efTects. 

We recently reported that low concentrations of 
sodium enhance antagonist binding and inhibit 
agonist binding [ 181 and suggested that this ‘sodium 
efYect’ occurs because the opiate receptor can intor- 
convert betuecn an agonist and antagonist conforma- 
tion [IX. 191. The relation between our molecular 
model of opiatr receptor function [IX] and the cur- 
rent finding is unclear. Apparently, administration ill 
riro of opiates somehow makes more receptors avail- 
able for measurement in CM. The ability to obtain 
this cffcct. however. is highly dependent on assa) 
cc~nditions. i.e. the abscncc of sodium, multiple centrl- 
fugations and maintenance at a low temperature. In 
any case, we wish to emphasize that, utilizing binding 
studies irk r~irro. we were unable to detect alterations 
in opiate receptors which are related to the dc\elop- 
ment of tolerance and physical dependence. It is con- 
ceivable. however. that alterations in opiate receptors 
ma> occur which could only be detected by binding 
methods irk CUJ [?O]. For example, if the equilibrium 
of opiate receptor interconversion shifts to favor the 
antagonist conformation [?I]. this qualitative change 
would have gone undetected in the present study. The 
markedly reduced ability of sodium to increase recep- 
tor binding by brain homogenates of naloxonc- 
injcctcd mice suggests that the receptor cnhanccment 
obscrxcd after administration ill riro of opiate 
agonists and antagonists is highly dependent on assay 

conditions. Indeed. the ‘receptor enhancement’ eft’ect 
is entirely obliterated if the assay is performed in the 
presence of sodium. The most probable explanation 

lor the receptor enhanccmcnt reported here is that 

the opiates displace cndorphin. an endogcnous mor- 

phme-like factor [?7 241. from opiate receptors. 
\4hich arc then more acccssihle for labeling iri rifi.0 

h) [‘H Jopiates. 
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