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OH, K. W., M. MAKIMURA, S. P. JAW, B. HOSKINS AND I. K. HO. Effects of ~-funaltrexamine on butorpha- 
nol dependence. PHARMACOL BIOCHEM BEHAV 42(1) 29-34, 1992.--The present experiments were performed to 
investigate the effects of the selective/~ opioid receptor antagonist, ~-funaltrexamine ~-FNA), on the physical dependence 
liability of butorphanol (a mixed agonist/antagonist opioid analgesic). Butorphanol (26 nmol/t~l/h) was continuously infused 
via osmotic minipumps into the lateral cerebral ventricle of male Sprague-Dawley rats for 72 h./3-FNA (12, 24, and 48 nmol/ 
5 /~l/rat) was administered ICV 3 h prior to and 48 h after initiation of the butorphanol infusion. Treatment with/3-FNA 
significantly diminished naloxone-induced escape behavior, hypothermia, and loss of body weight in a dose-dependent 
manner, while naloxone-induced teeth-chattering, forepaw tremors, and urination were also reduced, but in a dose-indepen- 
dent manner. These results suggest that the/~ opioid receptor is partially involved in the development of physical dependence 
upon butorphanol. 

~-Funaltrexamine Butorphanol Abstinence signs Opioid receptors 

BUTORPHANOL was introduced as a potent synthetic anal- 
gesic agent with a lower physical dependence liability than 
other opioid analgesics (9,19,21). However, marked physical 
dependence has been observed in animals after continuous 
administration of this compound (17,18). In addition, in a 
primary dependence study in man in which large doses of 
butorphanol were administered for a prolonged period of time 
a severe physical dependence syndrome was reported (11). A 
recent study in our laboratory demonstrated that large doses 
of butorphanol given by continuous (ICV) infusion to rats 
resulted in substantial physical dependence. Furthermore, the 
nature of the physical dependence syndromes produced by 
butorphanol under these conditions was similar to that in- 
duced by an equimolar dose of morphine (10). 

Much work has been done in an attempt to define the 
mechanisms involved in the development of physical depen- 
dence on opioids, and although several neurotransmitters have 
been implicated in the production of physical dependence on 
these drugs (22), little information is available concerning 
their effects on opioid receptors. A few studies have investi- 
gated the role(s) of opioid receptors in physical dependence 
on opioids (5,6,12), and it is now widely believed that/~ and 
receptors mediate physical dependence. The role of the r re- 
ceptor in physical dependence is minor since negligible levels 
of abstinence signs were precipitated by naloxone after rats 

were infused with some selective r ligands for 70 h via SC-im- 
planted osmotic minipumps (5). 

The pharmacology of butorphanol is complex due to its 
apparent multiplicity of actions on the opioid receptor sys- 
tems. Butorphanol has high affinity in vitro and in vivo, and 
can act as an agonist or an antagonist at #, /~, and r opioid 
receptors depending upon conditions employed (13,25). The 
question then arises as to which receptor or receptors medi- 
ate(s) physical dependence upon butorphanol. 

~-Funaltrexamine (/3-FNA) has been described as a selec- 
tive, long-acting, and irreversible opioid antagonist at the/z 
receptor (3). Because of these properties, ~-FNA has become 
an important tool for characterizing tz opioid receptors 
(23,24). The present experiments utilized/3-FNA to investigate 
the involvement of # opioid receptors in physical dependence 
upon butorphanol. 

METHOD 

Animals 

Male Sprague-Dawley rats (Charles River, Wilmington, 
MA), weighing 251-300 g, were used in these studies. They 
were kept in a room maintained at an ambient temperature of 
21 + 2°C and on a 12L:12D cycle for at least 7 days upon 
arrival. 

1 Request for reprints should be addressed to Dr. I. K. Ho, Department of Pharmacology and Toxicology, University of Mississippi Medical 
Center, 2500 North State Street, Jackson, MS 39216. 
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Surgical Procedures 

Rats were anesthetized with equithensin (4.25 g chloral hy- 
drate, 2.23 g MgSO4 7H20, 0.972 g pentobarbital Na, 44.4 ml 
propylene glycol, 10 ml 95% ethanol, and distilled water to 
bring the solution to 100 ml), 0.3 ml/100 g body weight, IP 
and then placed in a stereotaxic frame. 

A permanent, bevelled, indwelling stainless steel guide can- 
nula (26 ga, 10 mm long) was then implanted into the right 
lateral ventricle (AP" - 0.5, LAT: + 1.3, and DV: - 4.5) (20). 
Cranioplast (Lang's jet acrylic) was applied to the surface of  
the skull and a protective cap placed around the cannula (to 
prevent its destruction by the rat upon awakening from anes- 
thesia). After the cranioplast had firmly hardened, the animal 
was removed from the stereotaxic instrument. A stylet (32-ga 
stainless steel tubing) was placed into the guide cannula to 
allow the cannula to remain patent. Correct placement was 
determined by the presence of  CSF in the guide cannula. After 
surgery, rats were administered 300,000 units of penicillin G 
procaine (Pfizerpen-AS, Pfizer Corp.,  New York, NY), SC, 
and allowed at least a l-week recovery period prior to the 
induction of physical dependence upon butorphanol (a gener- 
ous gift from Bristol-Myers Corp.,  Evansville, IN). 

Administration Schedule and Induction 
of  Butorphanol Dependence 

Animals were infused with butorphanol tartrate (26 nmol/  
#l/h) for 3 days via osmotic minipumps (Alzet 2001, Alza 
Corp., Palo Alto, CA). This dose and period of infusion was 
determined through preliminary experiments to be optimal for 
the study of butorphanol dependence using this model. The 
minipumps were implanted SC between the scapulae of ani- 
mals while they were under ether anesthesia. A 4-cm piece of 
Tygon tubing (0.38 mm inner diameter, Cole-Palmer, Chi- 
cago, IL) was used to attach the minipump to a piece of "L"- 
shaped stainless steel injector tubing (32 ga, 30 mm long) cut 
to the length of the guide cannula. Butorphanol solution was 
passed through a 0.2-mm Acrodisk filter (Gelman Scientific, 
Ann Arbor,  MI) prior to introduction into the pumps, and 

the pumps were assembled using sterile techniques. The mini- 
pumps were primed overnight at room temperature in normal 
saline so their optimal flow rate (1 #l/h) was achieved. Four 
groups of butorphanol-infused rats received /3-FNA (RBI., 
Natick, MA) as follows: 12 nmol/5 #l/rat ,  24 nmol/5 /zl/ 
rat, 48 nmol/5 tzl/rat, and saline (5 #l/rat)  ICV through an 
indwelling stainless steel guide cannula 3 h prior to and 48 h 
after initiation of butorphanol infusion. 

Measurement of  Abstinence Signs 

After 3 days of ICV infusion, rats weighed and placed in l 
gallon mayonnaise jars. To aid in visualizing abstinence- 
related urination and diarrhea, the jar was lined on the bottom 
with a piece of  white filter paper. After a 10-min acclimation 
period, rats were challenged with naloxone (1 mg/kg,  SC) 
(Sigma Chemical Corp., St. Louis, MO). Ten different signs 
associated with precipitated withdrawal were observed for 30 
min on a quantal basis, that is, number of animals exhibiting 
more than two episodes of teeth-chattering, wet shakes, rear- 
ing, penis-licking, and forepaw tremors, and number of ani- 
mals exhibiting a single episode of  escape behavior, yawning, 
ptosis, diarrhea, and urination. Loss of body weight (number 
of animals exhibiting > 3°70 body weight loss) and rectal tem- 
peratures were monitored over a 1-h period after naloxone 
administration. In addition, the incidence [total number of 
occurrences of each abstinence sign (teeth-chattering, wet 
shakes, rearing, penis-licking, and forepaw tremors per 30 
min)] was determined to demonstrate the severity of absti- 
nence syndromes. Autopsies after experiments revealed that 
animals received the drug solutions directly into the right lat- 
eral ventricle. 

Statistics 

Data were analyzed by the x 2 test (number of animals ex- 
hibiting each abstinence sign) and by Student's t-test (mean 
+_ SE of total number of occurrences of each abstinence sign). 
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FIG. 1. Effects of/3-FNA on butorphanol-induced rectal temperature changes. Animals were 
administered continuous ICV infusions of butorphanol./~-FNA was injected ICV 3 h prior to 
and 48 h after initiation of butorphanol infusions. *p < 0.05, **P < 0.01 (values are signifi- 
cantly lower than after 3 h of butorphanol infusion). Data are expressed as the mean _+ SE for 
each treatment group. 
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FIG. 2. Effect of fl-FNA on butorphanol-induced body weight changes. Animals were adminis- 
tered continuous ICV infusion of saline or butorphanol for 3 days. fl-FNA was injected ICV 3 h 
prior to and 48 h after initiation of butorphanol infusions. 

RESULTS 

Rectal temperatures were elevated 3 h after initiation of 
butorphanol ICV infusion and returned to normal after 3 days 
of butorphanol infusion. Treatment with ~-FNA 3 h prior to 
initiation of butorphanol infusion significantly inhibited its 
hyperthermic effect. However,/3-FNA alone had no effect on 
rectal temperatures of rats (Fig. 1). 

There was no significant difference in body weights 
between saline- and butorphanol-infused rats. Furthermore, 
/3-FNA had no effect upon body weights in butorphanol-in- 
fused rats (Fig. 2). 

Although some behaviors were observed in a few saline- 
infused rats (vehicle) challenged with naloxone, penis-licking 
was significantly increased in the groups treated with 24 and 
48 nmol of  #-FNA (Table 1). 

Furthermore, in butorphanol-infused rats various and 
severe abstinence signs precipitated by naloxone were ob- 
served. The symptoms observed after naloxone were qualita- 
tively similar to those reported in morphine-infused rats (1). 

Administration of two ICV injections of  each of the three 
doses of ~-FNA during the butorphanol infusion reduced 
naloxone-induced escape behavior, teeth-chattering, diarrhea, 
forepaw tremors, weight loss, and urination on a quantal basis 
(all or none, by x 2 test) (Table 2). Escape behavior, hypother- 
mia, and weight loss ( >  3o70) were reduced in dose-dependent 
manner. Escape behavior was completely blocked by 48 nmol 
~-FNA. Teeth-chattering, forepaw tremors, and urination 
were reduced by treatment with/3-FNA in a dose-independent 
manner (within the range of  doses tested). Forepaw tremors 
and diarrhea were reduced by 24 and 48 nmol/~-FNA, respec- 
tively. Urination was also reduced in these experiments. How- 
ever, penis-licking was increased at doses of  24 nmol and 
higher. 

On the other hand, the incidences of  all butorphanol absti- 
nence signs (except rearing and penis-licking) were signifi- 
cantly reduced by fl-FNA (Table 3). 

DISCUSSION 

Continuous ICV infusions were chosen for these experi- 
ments for a variety of  reasons. First, administration of  com- 

pounds by this route requires minimal pharmacokinetic con- 
siderations, such as drug metabolism and protein binding, so 
that effects observed are primarily those of the parent com- 
pound. Second, since the majority of the effects of opioids is 
mediated by the CNS (16), the ICV route delivers the drug 
directly to its site of  action, thus providing a rapid develop- 
ment of and a more definitive nature of the endpoint of inter- 
est. Finally, continuous ICV administration of  opioids has 
been shown to be a more efficient means of  producing depen- 
dence than continuous systemic administration (2). The 
naloxone-induced abstinence signs observed in butorphanol- 
infused rats were similar to those reported in morphine- 
dependent rats (1). In addition, Horan and Ho (10) found 
that the nature of the abstinence signs produced by butorpha- 
nol under these conditions was similar to that induced by an 
equimolar dose of morphine. 

The dose-related decreases in naloxone-induced escape be- 
havior and weight loss in rats treated with the irreversible/~ 
opioid receptor antagonist, /3-FNA, suggest that both these 
abstinence signs may be mediated via the/~ opioid receptor. 
Cowan et al. (5) demonstrated that weight loss predominantly 
reflected abstinence at the/~ (DAGO, morphine) receptor in 
rats, and escape behavior (jumping) was only associated with 
withdrawal from these ligands, that is, jumping was not ob- 
served in/~ and ~ agonist-dependent rats. 

Withdrawal-induced rearing and wet shakes appear to be 
characteristic signs of abstinence from 8 agonists; whereas 
jumping, diarrhea, and loss of body weight appear to be unre- 
lated to withdrawal from ~ agonists (5). We observed that 
withdrawal-induced rearing was much more frequent in 
butorphanol-infused rats than in saline-infused rats. Further- 
more, DPDPE- (/~ agonist) induced rearing has been shown to 
be selectively reduced by injection of the 8 receptor antagonist, 
ICI-174,864 (4). Our results, in which ~-FNA did not reduce 
rearing, are additional evidences that withdrawal-induced 
rearing in butorphanol-dependent rats does not involve media- 
tion by # receptors. Lee et al. (15) reported that DPDLE- (# 
and 8 agonist) induced wet shakes were antagonized by 
/3-FNA, but not by ICI-174,864, suggesting this behavior is 
mediated by activation of # rather than 5 receptors in the 
ventral hippocampus. 
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T A B L E  1 

EFFECTS OF/3-FNA ON BEHAVIORS CHALLENGED WITH NALOXONE 
(1 mg/kg, SC) AFTER ICV INFUSION OF SALINE FOR 72 h 

Treatment with #-FNA (nmol/5 #l/rat) 

0 12 24 48 

Escape behavior 0/19* 0/8 0/8 0/8 
Teeth-chattering 2/19 1/8 2/8 1/8 
Wet shakes 6/19 3/8 1/8 3/8 
Rearing 15/19 7/8 6/8 6/8 

(3.1 + 1.4)t (7.0 _+ 1.4) (6.0 +_ 1.8) (3.9 + 1.0) 
Yawning 0/19 0/8 0/8 0/8 
Ptosis 0/19 0/8 0/8 0/8 
Penis-licking 1 / 19 1/8 4/8:~ 5/8:~ 
Diarrhea 0/19 0/8 0/8 2/8 
Forepaw tremors 2/19 2/8 3/8 1/8 
Weight loss ( > 3 % )  1/19 1/8 0/8 1/8 
Urination 4/19 4/8 3/8 1/8 
RectalTemp. (*C) 0.0 +_ 0.1§ 0.2 + 0.1 0.1 + 0.2 -0 .2  + 0.1 

*Numerator values are number of animals displaying this behavior; denominator values are the total number 
of animals per group. 

tValues are mean _+ SE of the total number of occurrences of rearing. 
:~p < 0.05 (values are significantly higher than the control values as determined by the ×2 test). 
§Values are mean + SE of changes of rectal temperatures. 

Studies have a t t empted  to clarify thermic  responses  to opi- 
oid receptor  act ivat ion.  It appears  tha t  the  # and  r opioid 
receptors are involved in the hyper-  and  hypo the rmic  re- 
sponses,  respectively. In addi t ion ,  Hayes et al. (7) found  tha t  
hypo the rmia  could be media ted  by b o t h  tz and  K receptors.  
Our  studies showed tha t  na loxone- induced  hypo t he rmia  in 
b u t o r p h a n o l - d e p e n d e n t  rats  was inhib i ted  by/~-FNA,  suggest- 
ing media t ion  via the  # receptor  because /~-FNA has  been 
shown to antagonize /~  opioid  receptor -media ted  effects while 
having no  antagonis t ic  effect  on  ~ receptors  b o t h  in vi t ro (23) 
and  in vivo (24). On  the  o ther  hand ,  3 h of  b u t o r p h a n o l  infu- 

sion resulted in hyper thermia .  Since/3-FNA at the doses used 
in these studies partial ly inhibi ted this bu to rphano l - induced  
hyper thermia ,  it would appear  tha t  bu to rphano l - induced  hy- 
pe r the rmia  is media ted  by the # receptor  bu t  tha t  o ther  opioid 
receptors  may also be involved. Bu to rphano l  admin i s t r a t ion  
also resulted in a p r o f o u n d  diuresis. Opiate-  and  opioid-medi-  
ated diuresis is t hough t  to  be a result  of  A D H  inh ib i t ion  via K 
opioid  receptor  ac t ivat ion (14). We found  tha t  u r ina t ion  in 
bu to rphano l -dependen t  rats was reduced by /~-FNA.  The  sig- 
nif icance o f  this f inding is still u n k n o w n .  However ,  since oth-  
ers (8,26) have  shown tha t  diuresis p roduced  by K agonists  is 

T A B L E  2 

EFFECTS OF ~-FNA ON NALOXONE-PRECIPITATED ABSTINENCE SIGNS 
(ALL OR NONE) IN BUTORPHANOL-DEPENDENT RATS 

Treatment with #-FNA (nmol/5 t~l/rat) 

o 12 24 48 

Escape behavior 15/45 1/22* 1/35t 0/251" 
Teeth-chattering 43/45 11/22t 24/35t 18/25t 
Wet shakes 38/45 17/22 24/35 19/25 
Rearing 40/45 21/22 24/35 19/25 
Yawning 4/45 0/22 4/35 3/25 
Ptosis 21/45 17/22 13/35 12/25 
Penis-licking 28/45 13/22 32/35~ 22/25:~ 
Diarrhea 18/45 11/22 8/35 2/25" 
Forepaw tremors 24/45 9/22 6/35t 9/25 
Weight loss ( > 3 o70) 30/45 8/22* 13/35" 7/25 t 
Urination 27/45 9/22 3/35t 3/25t 
Hypothermia (°C) 0.5 +_ 0.1 0.2 + 0.1§ 0.1 + 0.1" 0.1 _+ 0.1* 

*p < 0.05, tP < 0.005 (values are significantly lower than the control values as determined by the X 2 test). 
~p < 0.05 (values are significantly higher than the control values as determined by the X 2 test). 
§p < 0.05 (values are significantly lower than the control values as determined by Student's t-test). 
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T A B L E  3 

EFFECTS OF/~-FNA ON NALOXONE-PRECIPITATED ABSTINENCE SIGNS 
(TOTAL OCCURRENCE) IN BUTORPHANOL-DEPENDENT RATS 
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Treatment with ~-FNA (nmol/5 #l/rat) 

0 12 24 48 

Teeth-chattering 11.7 _+ 1.2" 3.1 +_ 0.8t 5.0 _+ 0.8t 4.6 _+ 0.9t 
Wet shakes 9.7 _+ 1.4 4.2 +_ 0.7t 5.2 _+ 0.8:~ 6.4 _+ 1.2, 
Rearing 14.2 _+ 1.9 12.5 _+ 1.8 10.2 _+ 1.6 11.8 _+ 1.5 
Penis-licking 5.0 _+ 0.7 4.2 _+ 1.0 7.3 _+ 1.1 7.6 _+ 1.1 
Forepaw tremors 5.8 + 1.3 2.5 _+ 0.6~ 1.7 + 0.5t 2.6 + 0.6~ 
Weight loss(g) 8.7 _+ 0.8 5.2 + OAt 6.0 + 0.7~ 5.2 +_ 0.1~ 

*Values are mean _ SE of the total number of occurrences in each treated group. 
tP < 0.005, ,p  < 0.05 (values are significantly lower than the control values as determined by Student's t-test). 

not  an tagon ized  by ~-FNA,  we propose  tha t  # receptors  mus t  
also be involved in opio id  receptor  modu la t i on  of  u r ina t ion  in 
b u t o r p h a n o l - d e p e n d e n t  animals .  

Naloxone- induced  tee th-chat ter ing ,  d ia r rhea ,  and  forepaw 
t remors  appear  to be media ted  via the  ~ receptor .  Teeth  chat-  
tering was reduced at the three  doses o f  B-FNA tested. How- 
ever, forepaw t remors  are more  compl ica ted  in tha t  they have 
been observed in morph ine -dependen t  rats  bu t  no t  in D A G O -  
(/~-agonist) dependen t  rats  (5). 

Penis- l icking was increased by t r ea tmen t  with  B-FNA. 
A l though  the  behav iora l  effects o f / ~ - F N A  have not  been es- 
tabl ished,  it is o f  interest  tha t  B-FNA induced penis-l icking in 
these exper iments .  Therefore ,  we c a n n o t  exclude some syner- 
gistic an tagonis t  ac t ion  o f /~ -FNA at opioid  receptors .  

In summary ,  our  studies have demons t ra t ed  tha t  b u t o r p h a -  
nol exerts a multiplicity o f  act ions at  opioid receptors.  Butor-  
phanol ' s  ant inocicept ive activity is related to its act ions at #, 
/~, and  r opioid receptors.  Taken in to to ,  these da ta  demon-  
s trate  tha t  physical  dependence on  b u t o r p h a n o l  may  involve 
mult iple  opioid  receptors  because t r ea tment  with /%FNA (a 
selective # receptor  antagonis t )  d iminished some opioid  with- 
drawal  signs. Fur ther  studies will be required to clarify the 
involvement  o f  t5 and  r receptors in the deve lopment  of  butor -  
p h a n o l  dependence.  
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