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JAW, S. P., B. HOSKINS AND I. K. HO. Opioid antagonists and butorphanol dependence. PHARMACOL BIO- 
CHEM BEHAV 44(3) 497-500, 1993. -- Butorphanol has been known to act on/~-, &, and K-opioid receptors./~- and possibly 
6-receptors axe thought to mediate morphine dependence. Relative to morphine, butorphanol has a higher affinity for/~- and 
~-receptors. In the present study, /3-funaltrexamine ~-FNA) and naltrindole (NTI) (nonequilibrium/~- and &antagonist, 
respectively) were used to precipitate withdrawal in butorphanol-dependent rats. It was found that ~-FNA (12, 24, 48, and 
100 nM) did not elicit significant withdrawal behaviors, while NTI caused teeth-chattering (100 nM), wet shakes (100 nM), 
forepaw tremors (24 nM), yawning (48 and 100 nM), ejaculation (24 nM), and urination (100 nM). The present results 
indicate that ~-opioid receptors may be involved in mediating butorphanol dependence, while the involvement of/~-opioid 
receptors needs to be further investigated. 

Butorphanol dependence /3-Funaltrexamine Naltrindole #- and &opioid receptors Precipitated withdrawal 

NONMEDICAL uses of  butorphanol,  a synthetic opioid ago- 
nist/antagonist,  have been reported (2,5). Butorphanol depen- 
dence has been documented in humans as well as in animals 
(8,17). Upon withdrawal, patients were presented with rhin- 
norhea, gastric discomfort, vomiting, dysphoria, emotional 
lability, and irritability./z- and possibly &opioid receptors are 
thought to mediate morphine dependence (1). However, the 
relative involvement of  opioid receptor subtypes in mediating 
butorphanol dependence remains an enigma. It is known that 
butorphanol can act on/~-, 6-, r-,  and possibly ~-opioid recep- 
tors (7). In comparison to morphine, butorphanol has higher 
affinities for/~- and 6-opioid receptors (7). And yet, relative 
to morphine, butorphanol is considered a partial agonist at/~- 
(16) and possibly ~-opioid receptors. In the present study, 
/~-funaltrexamine (18,23) and naltrindole (19) (the nonequilib- 
r ium/z- and ~-opioid antagonists, respectively) were used to 
precipitate withdrawal in butorphanol-dependent rats. The 
study was designed to investigate the involvement o f / t -  and 
6-opioid receptors in hutorphanol withdrawal, which in turn 
provides us an insight into the involvement of/~- and 6-opioid 
receptors in the development of  butorphanol dependence. 

METHOD 

Animals 

Seven- to 8-week-old male Sprague-Dawley rats (Charles 
River, Wilmington, MA), weighing 251-300 g, were used. 
They were kept in a room with an ambient temperature of  21 
+ 2°C and a 12 L : 12 D cycle for 1 week before surgery. 

To whom requests for reprints should be addressed. 

Surgical Procedures 

Rats were anesthetized with Equithensin (4.25 g chloral 
hydrate, 2.23 g MgSO4"TH20, 0.972 g pentobarbital Ha, 44.4 
ml propylene glycol, 10 ml 95°'/o ethanol, and distilled water 
to make the final volume of 100 ml), 0.3 ml/100 g body 
weight, IP and then placed in a stereotaxic instrument. 

An indwelling stainless steel guide cannula (26 ga, 10 mm 
long) was implanted into the right lateral cerebral ventricle 
(AP - 0 . 5 ,  LAT + 1.3, and DV - 4 . 5 )  (15). Lang's jet acrylic 
was applied to the surface of the skull, and a protective cap 
was placed around the cannula. After the acrylic had hard- 
ened, the animal was removed from the stereotaxic frame. A 
stylet (32-ga stainless steel tubing) was placed into the guide 
cannula to remain patent. The presence of cerebrospinal fluid 
(CSF) in the guide cannula was examined to assure proper 
placement. After surgery, rats were given 300,000 U procaine 
penicillin G (Pfizerpen-AS, Pfizer Corp.,  New York, NY) SC 
and allowed at least 1 week to recover before commencing the 
infusion of  butorphanol (a generous gift from Bristol-Myers 
Corp.,  Evansville, IN). 

Induction of Butorphanoi Dependence 

Animals were infused with butorphanol tartrate (26 nM/h)  
for 3 days via osmotic minipumps (Alzet 2001, Alza Corp.,  
Palo Alto, CA). This infusion period and dose paradigm were 
determined to he optimal from preliminary experiments. Un- 
der ether anesthesia, animals were implanted SC with mini- 
pumps between the scapulae. A 4-cm piece of  Tygon tubing 
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(0.38 mm inner diameter, Cole-Palmer, Chicago, IL) was ap- 
plied to connect the minipump to a piece of  "L"-shaped stain- 
less steel injector tubing (32 ga, 30 mm long) with the length of  
the guide cannula. Butorphanol tartrate solution was passed 
through a 0.2-mm Acrodisk filter (Gelman Scientific, Ann 
Arbor,  MI) before it was introduced into the pumps. The 
delivery apparatus was assembled under sterile conditions. 
Minipumps were primed overnight at room temperature in 
normal saline so that optimal flow rates (1 #l/h) were ob- 
tained. 

Measurement of A bstinence Signs 

After 3 days of ICV infusion of  butorphanol,  rats were 
weighed. Three hours after termination of  butorphanol infu- 
sion, these butorphanol-infused rats were randomly divided 
into three groups and then individually placed into 1-gal may- 
onnaise jars. A piece of filter paper was placed on the bottom 
of the jar to aid visualization of  withdrawal-associated urina- 
tion and diarrhea. After a 10-min acclimation period, rats 
were challenged, respectively, with 13-funaltrexamine [Re- 
search Biochemicals, Inc. (RBI), Natick, MA], naltrindole 
(RBI) (12 nM/5 ~l/rat ;  24 nM/5 ~d/rat; 48 nM/5/~l / ra t ;  100 
nM/5 # l / ra t  for both drugs; at least six animals were used for 
each dose), or saline (5 #l / rat ;  12 animals used) ICV. All 
drugs were dissolved in saline. Precipitated withdrawal signs 
were observed for 30 min on a quantal basis (i.e., number of 
animals exhibiting more than two episodes of teeth-chattering, 
rearing, wet shakes, forepaw tremors, and ejaculation; and 
number of  animals showing a single episode of  escape behav- 
ior, yawning, ptosis, salivation, diarrhea, and urination). 
Body weight and rectal temperature were measured before and 
1 h after administration of  opioid antagonists. In addition, 
the total number of  withdrawal signs (teeth-chattering, wet 
shakes, forepaw tremors, and ejaculation) was recorded for a 
30-min period to assess the severity of  precipitated withdrawal 
by/~- or ~-antagonists. The treatments animals received were 
blind to the independent observers. Examinations of  brains 
after injections of  methylene blue dyes through cannulae re- 
vealed that the drug solutions were infused directly into the 
right cerebral lateral ventricle. 

Statistics 

Quantal (all or none) data from the behavioral studies on 
the experimental groups and saline controls were compared 
using the X 2 test. The two-tailed Student's paired t-test (mean 
+ SEM) was used to compare total occurrence data between 
experimental groups and saline controls, as well as changes in 
body weight and rectal temperature of  animals before and 
after challenge with the antagonists. A p value < 0.05 was 
considered significant. 

RESULTS 

~-Funaltrexamine-Precipitated Butorphanol Withdrawal 

No behavioral signs were detected in butorphanol-depen- 
dent rats after receiving ICV ~-FNA except at 12 nM, at which 
one of  six animals exhibited ejaculation and urination. In con- 
trast to butorphanol-dependent animals receiving ICV saline, 
ICV ~-FNA-treated rats showed a suppression of  overall activ- 
ities throughout the dose range tested. 

Both 15-FNA and saline exerted a hyperthermic effect in 
butorphanol-dependent rats. No significant difference was 
found in the loss of body weight between 13-FNA- and saline- 
treated dependent animals. 

In terms of  total occurrence of  each withdrawal sign, no 
significant differences were observed for dependent animals 
receiving 13-FNA and saline. 

Naltrindole-Precipitated Butorphanol Withdrawal 

In rats receiving 100 nM naltrindole ICV all butorphanol- 
dependent animals showed teeth-chattering and wet shakes 
(Table 1). After receiving 24 nM naltrindole ICV, a signifi- 
cantly higher percentage of dependent rats exhibited forepaw 
tremors (p < 0.025) when compared with ICV saline controls 
(Table 1). Yawning was significantly increased in animals that 
received 48 nM (p < 0.05) and 100 nM (p < 0.01) of  ICV 
naltrindole (Table 1). At  24 nM, ICV naltrindole elicited ejac- 
ulation in a significantly higher number of  dependent animals 
compared with those receiving ICV saline (p < 0.025). Uri- 
nation was detected in a significantly higher percentage of  

TABLE 1 
W I T H D R A W A L  SIGNS P R E C I P I T A T E D  BY I C V - A D M I N I S T E R E D  N A L T R I N D O L E  

(AN IRREVERSIBLE S -ANTAGONIST)  IN B U T O R P H A N O L - D E P E N D E N T  RATS 

naltrindole (nM/5/A/rat) 

0 12 24 48 100 
(n = 12) (n = 13) (n = 13) (n = 10) (n = 6) 

Teeth-chattering 1 / 12 n.d. 
Wet shakes 2/12 n.d. 
Forepaw tremors 1 / 12 n.d. 
Yawning n.d. n.d. 
Ptosis 1/12 2/13 
Ejaculation 2/12 1 / 13 
Urination 2/12 5/13 
Diarrhea n.d. n.d. 
Hyperthermia¶ 0.8 + 0.1 0.7 + 0.2 
Weight loss (°7o) 1.8 1.6 

3/13 4/10 6/6* 
7/13 5/10 6/6* 
7/13t 2/10 2/6 
2/13 3/10~ 3/6§ 
1/13 n.d. 2/6 
8/13t 3/10 2/6 
5/13 n.d. 4/6~ 
n.d. n.d. n.d. 

0.6 ± 0.1 0.8 ± 0.2 0.6 ± 0.2 
1.3 1.4 1.3 

n.d., none detected. 
*p < 0.01, tP < 0.05, ~p < 0.025, §p 
values as determined by the X 2 test). 
¶Numbers in °C. 

< 0.01 (values are significantly higher than the control 
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TABLE 2 
WITHDRAWAL SIGNS (TOTAL OCCURRENCE) PRECIPITATED BY 

ICV-ADMINISTERED NALTRINDOLE IN BUTORPHANOL-DEPENDENT RATS 

Naltrinodole (nM/5 ~l/rat) 

NTI 0 12 24 48 100 

TC 0.3 + 0.3 0.0 + 0.0 2.5 + 1.3" 3.9 + 1.6" 14.8 + 1.8I" 
WS 1.6 + 0.9 0.1 + 0.1 4.8 + 1.7 4.7 + 2.4 13.3 ± 3.5t 
FT 0.4 ± 0.3 0.2 ± 0.1 1.6 + 0.8 0.4 + 0.2 0.7 + 0.5 
EJ 0.5 ± 0.4 0.1 + 0.1 1.5 ± 0.6 0.7 + 0.4 1.2 + 0.7 

TC, teeth-chattering; WS, wet shakes; FT, forepaw tremors; E J, ejaculation. 
*p < 0.05, l'p < 0.01 (values are significantly higher than the control values as determined by Student's 
t-test). 

dependent rats after 100 nM naltrindole ICV (p < 0.05) (Ta- 
ble 1). Diarrhea was not detected in dependent animals follow- 
ing both saline and naltrindole treatments (Table 1). 

Both saline- and naltrindole-treated dependent rats showed 
hyperthermia (Table 1). No significant difference was seen 
in loss of  body weight of  dependent animals after saline or 
naitrindole treatment (Table 1). 

Naltrindole, given ICV, significantly increased the inci- 
dents of  teeth-chattering (24, 48 nM, p < 0.05; 100 nM, 
p < 0.01) (Table 2) and wet shakes (100 riM, p < 0.01) in 
butorphanol-dependent rats (Table 2). 

DISCUSSION 

Cowan et al. (4) examined opioid physical dependence by 
direct infusion of  selective agonists for/z- [(D-Ala E, MePhe 4, 
Gly-ol 5) enkephalin (DAGO)], r- [3,4-dichloro-N-methyl-N- 
[2-(1-pyrrolidinyl) cyclohexyl] benzeneacetamide (U-50,488H)], 
and/ i -  [D-Pen 2, D-Pen s] enkephalin (DPDPE)] opioid recep- 
tors into the cerebral aqueduct in rats. They found that a low 
to moderate dependence was associated with the /i-agonist, 
DPDPE, and maximal dependence was achieved by the infu- 
sion of  morphine or DAGO (~-agonists). 

In addition to /z-opioid receptors (6), /i-opioid receptors 
have been implicated in mediating morphine dependence (1). 
Despite a lower efficacy at/z-receptors (16), relative to mor- 
phine, butorphanol has a higher affinity for/z- and/i-receptors 
(7). We therefore hypothesize that/z-  and/ i -opioid receptors 
may mediate butorphanol dependence. 

Our results indicate that /~-FNA seems to suppress with- 
drawal behaviors in the close range tested. Further, only 100 
nM naltrindole precipitated teeth-chattering, wet shakes, 
yawning (48 nM also), and urination (Table 1). These data 
tend to suggest that /z-receptors may not he involved while 
/i-receptors may be involved in mediating butorphanol depen- 
dence. 

/3-FNA was synthesized by Portoghese et al. (18) and deter- 
mined to have reversible r-agonist activities and irreversible 
/z-antagonist effects against morphine in vitro in guinea pig 
ileal longitudinal muscle and mouse vas deferens preparations 
(21,23). In vivo,/3-FNA showed analgesic effects of  brief du- 
ration that seemed to be mediated by r-receptors and long- 
acting antagonist activities that were/z-receptor-selective (23). 
In vitro receptor binding and autoradiographic studies demon- 
strated that at low concentrations (1-10 nM) [3H]B-FNA cova- 
lently binds to /z-receptors with high specificity (11,13). At  
concentrations greater than 10 nM, B-FNA also binds irrevers- 

ibly to &receptors (22). Finally, brain membranes were incu- 
bated with 5 nM [3H]/~-FNA; specific irreversible binding pla- 
teaned in 60 min (12). 

The interpretation of the present results has to take both 
in vivo and in vitro pharmacological properties of  ~-FNA into 
consideration. Because /3-FNA has acute reversible in vivo 
r-agonist effects (10), irreversible long-lasting/z-antagonist ac- 
tions, and possible interactions with /i-receptors at doses 
greater than 10 nM (both #- and/t-receptor effects take longer 
to develop; while K-receptor effects are almost immediate), it 
is therefore possible that /3-FNA, due to its acute r-agonist 
effects, suppresses butorphanol withdrawal. In addition, we 
demonstrated that ICV nor-binaltorphimine (an irreversible 
r-antagonist) can precipitate butorphanol withdrawal, qualita- 
tively and quantitatively similar to that precipitated by nalox- 
one (a nonspecific antagonist) (Jaw et al., in preparation). 

The involvement of/z-receptors in butorphanol dependence 
cannot be ruled out by the present results. Further, experi- 
ments in our laboratories have demonstrated that/3-FNA pre- 
treatment can attenuate butorphanol dependence (14). There- 
fore, another /z-selective antagonist, cyclic somatostatin 
octapeptide (CTOP), may be a more useful tool with which to 
study and define the involvement of/z-receptors in butorpha- 
nol dependence. 

Based upon the "message-address" concept, Portoghese et 
al. (19) developed naltrindole HCI, a nonpeptide/i-receptor 
antagonist. In vitro, naltrindole (K e = 0.1- to 0.3-nM range) 
antagonized &selective agonists but not/z-  and r-agonists in 
the guinea pig ileum and in the mouse and rat vas deferens 
smooth muscle preparations (20). In mice, naltrindole (20 mg/  
kg) SC antagonized the analgesia produced by the/t-preferr- 
ing agonists DSLET [(D-SER E, Leu 5, The 6) enkephalin] and 
DPDPE, but not that produced by the r-agonist, U-50,488H, 
or the/z-agonists, morphine and DAGO (3,20). 

Our data indicate that only 100 nM naltrindole has a signif- 
icant effect to precipitate butorphanol withdrawal. This tends 
to suggest that the/i-receptor is involved in butorphanol de- 
pendence. In support of this suggestion, we recently demon- 
strated that pretreatment with 0.1, 1, and 10 nM naltrindole 
blocked the development of butorphanol dependence (9). 

In summary, our studies reveal that fl-FNA and naltrindole 
are weak in eliciting butorphanol withdrawal behaviors. Our 
pretreatment studies with ~-FNA and naitrindole indicate that 
/z- and &opioid receptors are involved in the development of  
butorphanol dependence (9,14). And, pretreatment with nor- 
binaltorphimine blocked the development of butorphanol de- 
pendence (9). Therefore, we propose that/Z- and/i-opioid re- 
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ceptors have a permissive role in butorphanol  dependence, 
while r-receptors are the major  opioid  receptor subtype medi- 
ating butorphanol  dependence, that is, animals have become 
dependent upon butorphanol ,  #- and &receptor antagonists 
are less efficacious in precipitating withdrawal behaviors than 
are the r-receptor antagonists or the nonspecific opioid recep- 
tor antagonists. 

The actions of  f l-FNA and the selectivity (for different 
opioid receptor subtypes) o f  high concentrations (100 nM) of  

naltrindole used in the present study can be resolved when 
radioligand opioid receptor binding studies are carried out.  
These investigations are currently underway in our labora- 
tories. 
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