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HORAN, P. J. AND I. K. HO. Comparative pharmacological and biochemical studies between butorphanol and morphine. 
PHARMACOL BIOCHEM BEHAV 34(4) 847-854, 1989. --A number of in vivo and in vitro studies were undertaken to compare the 
pharmacological and biochemical effects of the partial agonist, butorphanol, with that of morphine. Both compounds were equipotent 
antinociceptive agents in the rat tail withdrawal test. In the acetic acid writhing test butorphanol had approximately 3.5 times the 
antiwrithing activity on a molar basis than morphine. In a study of the effects of these compounds on body temperature, butorphanol 
as well as morphine produced hyperthermia after acute dosing. Additionally, butorphanol produced a profound diuresis and decrease 
in urine osmolality after acute administration. In contrast, morphine produced an antidiuresis throughout most of the study period with 
no significant changes in urine osmolality from control. Butorphanol administration had no effect on respiratory rate, while morphine 
markedly decreased respiratory rate. In in vitro radioligand displacement studies, butorphanol was a potent competitor against 
3H-DAGO, 3H-DPDPE, and 3H(- )-EKC binding, exhibiting 3, 10, and 30 times more activity, respectively, than morphine. Both 
compounds were weak inhibitors of 3H-(+)-SKF 10047 binding, yielding IC5o values of in excess of 1 ~M. The results indicate that 
butorphanol has multiple actions on the opioid receptor system, and shares similarities as well as differences in its mechanism(s) of 
actions with morphine. 

Butorphanol Morphine Pharmacological responses Opioid receptors 

BUTORPHANOL (17-cyclobutylmethyl-3,14-dihydroxymorphi- 
nan) has been reported to be a mixed "agonist/antagonist" 
analgesic (14,32) belonging to a group of morphine surrogates 
known as morphinans. Butorphanol is a completely synthetic 
compound, as opium alkaloids are not required as precursors for 
its synthesis (27). 

In comparison to the prototypical narcotic analgesic, morphine, 
butorphanol exhibits some pharmacological similarities as well as 
differences. Both compounds are antinociceptive. As with other 
mixed "agonist/antagonist" analgesics, butorphanol was reported 
to be more potent than morphine in the mouse phenylquinone- 
induced writhing test, while exhibiting weak activity in the rat tail 
flick test (32). 

Butorphanol shares the miotogenic and respiratory depressant 
actions of morphine (18, 29, 32). In addition, both compounds 
decrease gastrointestinal transit (35). Butorphanol's dose-effect 
relationship on these latter 3 parameters is lost upon administration 
of larger dosages, a phenomenon common to other morphine 
surrogates exhibiting mixed "agonist/antagonist" activity (26). 

Another characteristic butorphanol shares with other com- 
pounds that are mixed " agonist/antagonists" is the production of 
diuresis following its administration (22). In contrast, morphine 

administration typically produces an antidiuresis (13). 
The antagonistic component of butorphanol has been reported 

in mice made dependent on morphine (32). This effect has also 
been explored in man (18,34). However, this aspect of butorpha- 
nol's pharmacology (i.e., butorphanol-precipitated withdrawal) 
may also have a limited action or "ceil ing" effect in comparison 
to the standard opiate antagonist, naloxone (32). 

Radioligand displacement studies suggest that butorphanol may 
have actions at the mu, delta, and kappa opioid receptor types 
(4,21). In addition, behavioral studies and clinical reports suggest 
that butorphanol may also bind to the opioid sigma receptor 
(18,36). 

Due to a lack of comprehensive studies documenting the 
pharmacology and molecular actions of butorphanol tartrate, the 
following experiments were conducted. These studies have em- 
ployed a correlative approach to an understanding of this com- 
pound's actions of the opioid receptor system, and for comparative 
purposes include morphine as a positive control or "reference 
agent." In these studies, a variety of pharmacological endpoints 
known to be associated with the opioid receptor system have been 
combined with in vitro radioligand displacement studies in order to 
more thoroughly assess the mechanism(s) of action of butorphanol. 

~Requests for reprints should be addressed to Dr. I. K. Ho. 
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METHOD 

Animals and Chemicals 

Male Sprague-Dawley rats (Charles River, Wilmington, MA) 
weighing 226-250 g were used in in vivo experiments, and 
animals weighing 176-200 g were used in radioligand displace- 
ment assays. Animals were kept on a 12/12-hour light-dark cycle 
and had free access to food and water. Naloxone HC1, pentazo- 
cine HC1, DAGO (Tyr-D-Ala-Gly-MePhe-Gly-ol) and DPDPE 
([D-peniciUamine2,D-penicillamineS]enkephalin) were obtained 
through Sigma Chemical (St. Louis, MO). 3H-DAGO (33.8 
Ci/mmol), 3H-DPDPE (43 Ci/mmol), 3H-(-)-EKC (ethylketocy- 
clazocine) (27 Ci/mmol), and 31--I-(+)-SKF 10047 (N-allyl normeta- 
zocine) (25.6 Ci/mmol) were purchased from New England 
Nuclear (Boston, MA). Butorphanol tartrate was a generous gift of 
the Bristol-Myers Corp. (Syracuse, NY). Morphine sulfate was 
obtained from Mallincrodkt Chemical Works (St. Louis, MO). 

Antinociceptive Assays 

Rat tail withdrawal test. Following dosing with morphine (2.6, 
5.7, 7.9, or 10.5 p, mols/kg, SC) or butorphanol (3.1, 5.2, 10, 
12.6 and 21 Ixmols/kg, SC), animals were tested according to the 
method of Janssen et al. (17). Prior to dosing, the rats were placed 
into Plexiglas restrainers, the distal 4 cm of the tail immersed into 
a hot water bath maintained at 55°C, and their latency to tail 
withdrawal evaluated. Any animal having a latency to tail with- 
drawal of greater than 6 seconds was excluded from the study in 
order to eliminate any false positive antinociceptive scores. The 
animals were then reintroduced into their restrainers, and any 
animal whose tail withdrawal reaction time was greater than 6 
seconds was considered antinociceptive (or a responder). At each 
dose, the percent response was evaluated (i.e., number of respond- 
ers/number of animals tested at each dosage level) at 15, 30, 45, 
60, 90 and 120 minutes after morphine or butorphanol challenge. 
The EDso'S and 95% confidence intervals were determined via the 
method of Litchfield and Wilcoxon (23). Mean baseline latencies 
and standard errors were 1.80+-0.59 and 1.83+--0.60 for mor- 
phine- and butorphanol-treated animals, respectively. Each animal 
was dosed only once with either butorphanol or morphine, and 6 
animals were used per dosage level. 

Acetic acid writhing test. In this test, the method of Hayashi 
and Takemori (l 2) was used (with minor modification). Rats were 
dosed with morphine, 0.13, 0.26, 0.66, 0.86, 1.1, 1.3 and 1.6 
Ixmols/kg, SC or butorphanol 0.05, 0.1, 0.16, 0.17, 0.21, 0.25 
and 0.33 ~mols/kg, SC. 

Fifteen minutes later the animals were given 0.6% acetic acid, 
10 ml/kg, IP. Ten minutes following the administration of acetic 
acid, the animals were individually sequestered and observed for 
the presence of a writhe (defined as a characteristic stretching of 
the hind limbs and/or constriction of the abdominal musculature) 
25-35 minutes after dosing with morphine or butorphanol. Ani- 
mals that did not writhe were considered antinociceptive, or 
responders. The percent response (number of responders/number 
in dosing group) was evaluated at each dose, and the EDso'S and 
95% confidence intervals determined by the method of Litchfield 
and Wilcoxon (23). Each animal was dosed only once with either 
butorphanol or morphine, and from 5 to 7 animals were used per 
dosage level, 

Urine Ouput and Water Consumption 

For 3 days prior to dosing with morphine or butorphanol, 
animals were individually housed in stainless steel metabolism 
cages (Hazelton Systems, Inc., Aberdeen, MD) in order to 

acclimate the rats to their testing environment. Following this 
predosing acclimation procedure, animals were then administered 
saline (1 ml/kg, SC), morphine (48 ~mols/kg, SC) or butorphanol 
(12 or 48 txmols/kg, SC). The urine volume and water consump- 
tion of each animal were then measured at 1, 2, 4, 6 and 8 hours 
following dosing. Food was withheld from the animals on the 
night prior to dosing in order to reduce variability in both urine 
output and osmolality measurements. The median and semi- 
interquartile distances were determined for each group at each time 
point, and the data were expressed as either the cumulative amount 
of urine collected or water consumed over time. 

Urine Osmolali~ 

The urine osmolality of each animal was determined using a Ix 
Osmette Osmometer (Precision Systems, Inc., Natick, MA) from 
the mean of 2 independent measurements of an aliquot obtained 
from the total volume of urine collected at 8 hours after dosing. In 
order to minimize evaporation of the samples throughout the 
8-hour collection period, a small amount (1 ml) or paraffin oil (EM 
Science, Cherry Hill, NJ) was added to the collection tubes prior 
to the beginning of the experiment. The results were expressed as 
mosmols/kg of water, and the mean and standard error were 
determined for each dosage group. 

Rectal Temperature 

Rectal temperature was determined using a Thermocouple 
Digital Thermometer (Atkins Technical, Gainesville, FL) inserted 
to a depth of 4.5 centimeters. The rats were then given butorpha- 
nol (12 or 48 ~mols/kg, SC), morphine (48 Ixmols/kg, SC), or 
saline (1 ml/kg, SC), lightly restrained by the tail in their home 
cage, and the rectal temperature determined at 0.5, 1, 1.5, 2, 4, 6 
and 8 hours after dosing. Temperatures were determined from 
1000 to 1800 hours at an ambient temperature of 22.2 --- 0.1 °C. In 
order to establish baseline measurements, rectal temperature was 
evaluated at the above time points for 3 days preceding dosing. 

Data were expressed as change from baseline (A T°C), which 
in order to provide a more stable value, was constructed from the 
average of the last 2 days of predosing temperature determina- 
tions. The mean baseline rectal temperatures (°C) with correspond- 
ing standard errors for each time point were 37.56 __-0.05 (0.5 hr); 
37.45±0.05 (1 hr); 37.55---0.05 (1.5 hr); 37.5±0.05 (2 hr); 
37.57±0.07 (4 hr); 37.35-+0.04 (6 hr) and 37.28--_0.05 (8 hr). 

Respiratory Rate 

Respiratory rate was measured using an RM-80 respirometer 
(Columbus Instruments, Columbus, OH) set to a gain of 1.5. Each 
animal was acclimated to the device for 30 minutes to allow for a 
stable baseline reading, at which time respiratory rate was mea- 
sured for two 5-minute intervals. The mean of these 2 predosing 
baseline measurements was defined as the basal respiratory rate. 
The animals were then removed from the device, and dosed with 
either saline (1 ml/kg, SC), morphine (48 Ixmols/kg, SC) or 
butorphanol (12 of 48 txmols/kg, SC). 

The animals were then allowed to reacclimate to the respiro- 
meter for an additional 30 minutes, and two 5-minute measure- 
ments of respiratory rate were obtained. These values were 
averaged, and the results expressed as percent of basal respiratory 
rate (posttreatment rate/baseline rate). The experiments were 
conducted from 0800 to 2000 hours at an ambient temperature of 
21.6 ± 0.4°C. 

One treatment group was tested per day. Median baseline 
respiratory rates per minute with corresponding semi-interquartile 
distances for each respective treatment group prior to dosing were 
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FIG. 1. (A) Antinociceptive effect of butorphanol and morphine in the warm water tail withdrawal test. 
(B) Antinociceptive effect of butorphanol and morphine in the acetic acid writhing test. Between 5 to 
8 animals were used per dose of morphine or butorphanol. ED~o values with 95% confidence limits are 
presented in I~moles/kg of butorphanol or morphine. 

169+__23.7 (saline); 166.7±8.9 (morphine); 137.1---19.8 (bu- 
torphanol 48 p.mols/kg); and 146.3---32.6 (butorphanol 12 
i~mols/kg). 

Membrane Preparation 

Following decapitation and removal of the brain from the skull, 
the cerebellum was dissected by the method of Glowinski and 
Iversen (10) and discarded (with the exception of brain tissue 
prepared for use in opioid sigma receptor assays, where cerebella 
were left intact). The brain tissue was then homogenized in 10 w/v 
of ice cold 0.32 M sucrose, and centrifuged at 1,000xg for l0 
minutes to remove cellular nuclei and debris. 

The supernatant was then centrifuged at 20,000 × g for 20 

minutes to obtain the crude P2  fraction. The P2 fractions were then 
incubated in 50 mM Tris HC1, pH 7.7, at 37°C for 20 minutes to 
facilitate the degradation of endogenous inhibitors (39), followed 
by extensive washing (5 times) in 10 w/v Tris buffer. After 
washing, the synaptic membranes were resuspended in 2 w/v 50 
mM Tris HC1, and stored at - 70°C until used for binding assays. 
Protein concentrations were determined by the method of Lowry et 
al. (24). 

Radioligand Displacement Studies 

Various concentrations of morphine (0.1 to 5000 nM) ol 
butorphanol (0.1 to 100 nM) were incubated with 3H-DAGO (I 
nM), 3H-DPDPE (5 nM), or 3H-(-)-EKC (4 nM) for displace- 
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TABLE 1 

EFFECT OF BUTORPHANOL OR MORPHINE ON RECTAL TEMPERATURE 

Treatment Group 
Time 
(hr) Saline Morphine: 48 Butorphanol: 12 Butorphanol: 48 

0.5 -O. l l  -+ 0.19 0.38 --- O.18t 0.61 __- 0.19" 0.74 -_+ 0.15" 
l.O 0.00 __ 0.01 0.54 --+ 0.12" 1.11 _ 0.19" 0.71 + 0.11"§ 
1.5 -0.20 + 0.07 0.82 ± 0.13" 1.10 __+ 0.19" 0.86 _+ 0.18" 
2.0 -0.26 _+ 0.10 0.42 ± 0.31 1.04 _+ 0.15"§ 1.18 _+ 0.13"§ 
4.0 -0.21 ± 0.05 1.12 ± 0.30* 0.02 ± O.lO§t 0.43 + 0.16~ 
6.0 -0.28 _+ 0.06 0.58 __+ 0.16" 0.31 __- 0.90* 0.79 _+ 0.14" 
8.0 0.00 + 0.09 0.50 --- 0.19 0.20 _~ 0.06 0.38 _+ 0.17 

Mean rectal temperatures with corresponding standard errors obtained from saline-treated, 1 ml/kg 
(n = 7); morphine-treated, 48/~mols/kg (n = 8); or butorphanol-treated, 12 or 48 ~mols/kg (n = 8) at 
0.5. 1.0, 1.5, 2.0, 6.0 or 8 hours postdosing. 

*p<0.01 vs. saline; ?p<0.05 vs. saline; :~p<0.01 vs. morphine; §p<0.05 vs. morphine. 

ment studies at the mu, delta, and kappa opioid receptor types, 
respectively. In these experiments, synaptic membranes from 
whole rat brain minus cerebellum were used. Protein concentra- 
tions were 0.4, 0.8, and 1.0 mg/ml for assays employing 3H- 
DAGO, 3H-DPDPE, and 3H-( - ) -EKC,  respectively. Incubation 
times were 60 minutes for assays utilizing 3H-DAGO and 3H- 
( - ) - E K C ,  and 120 minutes for those involving 3H-DPDPE. 
Nonspecific binding was determined by that which was displace- 
able with 1 IxM naloxone for 3H-DAGO binding, and 10 p~M 
naloxone for 3H-DPDPE and 3H- ( - ) -EKC binding. Unlabeled 
DAGO (100 nM) and DPDPE (100 nM) were included in 
incubations containing 3 H - ( - ) - E K C  to block binding of this 
radioligand to mu and delta opioid receptors, respectively. 

In investigations of potency at the opioid sigma receptor, 
morphine or butorphanol was incubated in 5 mM Tris HC1, pH 8.0 
at 25°C for 45 minutes with 2 nM 3H-(+)-SKF 10047. Incubation 
volumes were 1 ml. Membranes, at a final concentration of 1 
mg/ml from whole rat brain (including cerebellum), were used in 
these assays. Nonspecific binding was defined as that displaceable 
by 10 I~M pentazocine. 

Following incubation, membranes were rapidly filtered over 
Whatman GF/B filters using a cell harvester (model M-24R, 
Brandell Corp., Gaithersburg, MD), and washed twice with 5 ml 
of ice-cold 50 mM Tris buffer. 

To attenuate binding of the radioligands to the filter paper, the 
filters were presoaked in 0.1% polyethyleneamine (Sigma Chem- 
ical, St. Louis, MO). The filters were then transferred into 
polyethylene scintillation vials, and the radioactivity allowed to 
extract overnight in 10 ml of Safety-Solve (Research Products 
International Corp., Mount Prospect, IL). Radioactivity was 
determined via liquid scintillation spectrometry (Beckman LS 
1800) at an efficiency of 60%. The IC5o values of morphine or 
butorphanol in these experiments were obtained by using the 
iterative curve fitting computer program EDBA (26). At least 9 
concentrations of morphine or butorphanol were used per displace- 
ment curve, and the mean IC5o value and standard error were 
determined from the average of at least 3 experiments. 

Statistics 

To satisfy homogenity of variance assumptions, urine osmolal- 
ity and rectal temperature data were subjected to square root 
transformation and analyzed via one-way ANOVA. Where overall 
group effects were observed, intergroup comparisons were per- 
formed using the Newman-Keuls test (41). Cumulative urine 

output, water consumption and respiratory data were compared via 
the Kruskal-Wallis test using the computer program Systat (Evans- 
ton, IL). 

When significance was indicated, intergroup comparisons were 
made using a distribution free multiple comparison test (7). IC5o 
values were compared using a Student's t-test for grouped data. 
The dose-response curves for the tail flick test and acetic acid 
writhing assay were tested for parallelism by comparing the slopes 
of the regression lines of these curves using a Student's t-test (41). 
Baseline tail flick latencies were compared using a Student's 
t-test (41). 

RESULTS 

Antinociceptive Actions of Butorphanol and Morphine 

In the rat tail withdrawal test, butorphanol was equipotent with 
morphine, yielding EDso values of 6.47 (3.49-11.96) and 4.95 
(3.08-7.93) i~mols/kg, SC, respectively. Slopes of the regression 
lines and correlation coefficients for this test were 3.90 and .944 
for the morphine dose-response curve, and 1.87 and .826 for the 
butorphanol dose-response curve. The slopes of these curves did 
not significantly differ, t(5)= 2.398. In contrast, the antiwrithing 
activity of butorphanol was approximately 3.5 times that of 
morphine. In this assay, the EDso of butorphanol was 0.21 
(0.16-0,28) ~mols/kg, SC, while that of morphine was 0.75 
(0.40-1.41) i~mols/kg, SC (Fig. 1). The slopes and correlation 
coefficients of these dose-response curves were 2.11 and .771 
(morphine-treated) and 4.16 and .951 (butorphanol-treated). The 
slopes of these lines differed significantly, t(10) = 2.775, p<0.05.  

Effect of Butorphanol and Morphine on Rectal Temperature 

Morphine (48 Ixmols/kg, SC) and butorphanol (12 and 48 
txmols/kg, SC) markedly elevated rectal temperature with a time to 
peak effect of approximately 0.5 hours postdosing for animals 
receiving morphine and the higher dose of butorphanol (48 
txmols/kg), and 1 hour for those receiving the lower dose of 
butorphanol (12 Ixmols/kg). Rectal temperature in all drug-treated 
groups was elevated essentially throughout the entire time course 
of the study up to 6 hours postdosing. Apart from the time to onset 
of peak effect, there were no consistent differences in rectal 
temperature found between animals dosed with either dose of 
butorphanol or morphine (Table 1). 

The Influence of Butorphanol and Morphine on Urine Output 
and Water Consumption 

At 2 and 4 hours following butorphanol effect administration 
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FIG. 2. (A) The effect of butorphanol or morphine on urine output. (B) The effect of butorphanol 
or morphine on water consumption. The data represent cumulative urine output or water 
consumption determined throughout the 8-hour course of the study, and represent the median and 
semi-interquartile distances for each group. ***p<0.01 vs. morphine; **p<0.01 vs. saline; 
*p<0.025 vs. saline; ÷+p<0.025 vs. butorphanol 12 and 48 I.Lmols/kg; ÷p<0.05 vs. butorpha- 
nol 48 ~mols/kg. 

(12 or 48 p, mols/kg, SC), the volume of urine collected was 
markedly increased compared to animals receiving morphine (48 
ixmols/kg, SC), Rats receiving the higher dose of butorphanol (48 
p, mols/kg) excreted a significantly higher amount of urine than 
those dosed with saline from 2 hours after dosing throughout the 
remainder of the study. This was not observed in rats receiving the 
lower dose of butorphanol (12 p, mols/kg) until 6 and 8 hours after 
dosing. In rats dosed with morphine, urine excretion was virtually 
eliminated for 2 hours postdosing, however, a "rebound" 
phenomenon was observed at 4 hours after dosing in this group. 
After this time, cumulative urine output surpassed that of the 

saline-treated animals, but was not statistically significant (Fig. 2). 
Throughout the course of this study, no statistical difference in 

water consumption could be seen in animals dosed with the higher 
dose of butorphanol (48 p, mols/kg) from those given morphine or 
the lower dose of butorphanol. However, water consumption 
increased markedly at 6 hours following dosing in animals 
receiving the lower dose of butorphanol (12 p, mols/kg), and was 
significantly different from that of saline-treated animals at 6 hours 
postdosing. At this time water consumption also increased in 
animals dosed with morphine, corresponding to the increase in 
urine output seen at this time, and was significantly different from 
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the saline-treated group. 

Effect of Butorphanol and Morphine on Urine Osmolality 

Both doses of butorphanol (12 and 48 txmols/kg) caused a 
marked reduction in urine osmolality at 8 hours postdosing 
compared to those animals given saline or morphine (p<0.01). 
The decrease in urine osmolality seen after butorphanol adminis- 
tration was larger than that produced by morphine, which was also 
statistically significant from saline-treated animals (p<0.05) (Ta- 
ble 2). 

Effect of Butorphanol and Morphine on Respiratory Rate 

Morphine (48 ~mols/kg, SC) produced a marked depression of 
respiratory rate which was approximately 60% of the respiratory 
rate of saline-treated animals. In contrast, both doses of butorpha- 
nol had no statistically significant effect on respiratory rate when 
compared to saline-treated animals, though was significantly 
different from morphine-treated animals (p<0.01) (Fig. 3). 

Effect of Butorphanol and Morphine on Opioid Radioligand 
Displacement 

In rat whole brain minus cerebellum, butorphanol was a potent 

TABLE 2 

URINE OSMOLALITY IN RATS DOSED WITH BUTORPHANOL OR 
MORPHINE 

Treatment mosmols/kg Water 

Saline: 1 ml/kg 887 ± 138 (7) 
Morphine: 48 txmols/kg 645 ± 170t$ (7) 
Butorphanol: 12 ~mols/kg 178 ± 55* (5) 
Butorphanol: 48 I, tmols/kg 249 --+ 33* (6) 

*p<0.01 vs. saline; tp<0.05 vs. saline; Sp<0.01 vs. butorphanol 12 or 
48 ~mols/kg. 

Number in parentheses represents the number of animals per dosing 
group. 

Median values with semi-interquartile distances obtained from the 
cumulative amount of urine collected over the 8-hour study period. 

ligand at mu, delta, and kappa opioid receptors, respectively. The 
ICso'S of this compound in displacement assays utilizing 3H- 
DAGO, 3H-DPDPE, and 3H- ( -  )-EKC were 0.95, 12.3, and 4.88 
nM, respectively. In contrast, the IC5o values obtained against 
these ligands with morphine were 3,08, 118, and 127.1 nM, 
respectively. Both compounds exhibited poor affinity for the 
opioid sigma receptor, with ICso values greater than 1 p,M in 
homogenates of rat whole brain with cerebellum (Table 3). 

DISCUSSION 

These results demonstrate that butorphanol exhibits some 
pharmacological similarities as well as differences in comparison 
to the standard narcotic analgesic, morphine. Furthermore, these 
differences and similarities further clarify butorphanol's actions in 
the opioid receptor system. In the rat tail withdrawal test used in 
this study, morphine and butorphanol were equipotent antinocicep- 
rive agents. In contrast, butorphanol had approximately 3.5 times 
the antiwrithing activity of morphine in the acetic acid writhing 
test. An antinociceptive profile such as that seen in our studies 
with butorphanol is exemplary of opiates that exhibit "mixed"  
agonist-antagonist activity (42,45). From these antinociceptive 
data, it would appear that butorphanol possesses activity at all 3 
opioid receptor types. The mu and delta opioid receptors are 
implicated in antinociceptive responsed to thermal stimuli (15,44). 
In the writhing test, activation of mu, delta and kappa opioid 

TABLE 3 

IC5o VALUES (nM) OF' MORPHINE AND BUTORPHANOL AGAINST 
3H-DAGO (1 nM), 3H-DPDPE (5 nM), 3H-(-  )-EKC (4 nM) AND 

3H-(+)-SKF 10047 (2 nM) 

Morphine Butorphanol 

3H-DAGO 3.08 + 0.46 0.95 -+ 0.03* 
3H-DPDPE 118 + 11.1 12.3 -+ 1.23" 
3H-(-)-EKC 127.1 ± 10.92 4.88 ± 0.486* 
3H-(+)-SKF 10047 >1 I-~M >1 p,M 

*Significantly different from morphine (p<0.01). 
ICso values represent the mean and standard error of at least 3 separate 

determinations. 
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receptors appear to elicit antinociception (33,40). In these exper- 
iments, morphine and butorphanol were equipotent in the rat tail 
withdrawal test. Additionally, the regression lines of the dose- 
response curves were parallel, suggesting that butorphanol's 
actions at the mu opioid receptor are responsible for its analgesic 
actions in this test. 

Conversely, butorphanol had 3.5 times the antiwrithing activity 
of morphine, and the regression lines of these dose-response 
curves were not parallel implying a different interaction of 
butorphanol with the opioid receptor system, which is probably 
with the delta or kappa receptor. 

Butorphanol administration resulted in hyperthermia, as did 
morphine. Moreover, there was no statistical difference in the 
magnitude of this hyperthermic response between either dose of 
butorphanol used in this study or morphine. In addition, these 
thermic responses to morphine and butorphanol were monophasic 
throughout the 8-hour course of this study. These results infer that 
the site(s) of action of butorphanol in the production of hyperther- 
mia may be similar to morphine. Recent studies (8,9) have at- 
tempted to clarify the thermic responses to opioid receptor 
activation. Following the administration of compounds specific for 
various opioid receptors, it appears that the mu and kappa opioid 
receptors (at least in the rat) are involved in the hyper- and 
hypothermic responses, respectively, to opioid and opiate admin- 
istration. More recently, the delta opioid receptor appears may not 
be involved in these responses (1) as evaluated via intracerebro- 
ventricular administration of DPDPE, a highly specific delta 
agonist (28). Therefore, it would appear that butorphanol's actions 
at the mu opioid receptor are responsible for its hyperthermic 
actions. 

Butorphanol administration also resulted in a profound diure- 
sis, with an accompanying decrease in urine osmolality. In 
contrast, morphine administration virtually eliminated urine excre- 
tion for 4 hours postdosing, with an apparent, although statistically 
insignificant, rebound in urine excretion at 6 and 8 hours after 
dosing. 

The antidiuretic effect of morphine may in part be mediated via 
stimulation of vasopressin secretion (6), which is most likely mu 
opioid receptor-mediated (13). Conversely, opiate- and opioid- 
mediated diuresis is thought to be a result of vasopressin inhibition 
through kappa opioid receptor activation (11,22). These data 
would suggest that butorphanol is an agonist at the kappa opioid 
receptor. Alternatively, butorphanol may have mixed actions, with 
its actions at the mu opioid receptor attenuating its kappa-mediated 
actions (13). Nonetheless, it would appear that butorphanol's 
diuretic effect and consequential reduction in urine osmolality is 
mediated via its kappa opioid receptor actions. 

Water consumption was not significantly increased until 6 
hours post dosing, and then only in rats receiving either the lower 
dose of butorphanol (12 I~mols/kg) or morphine. Additionally, this 
effect was obviated at 8 hours after dosing, as the water consump- 
tion of the animals receiving the higher dose of butorphanol (48 
txmols/kg) or saline increased. Therefore, these results indicate 

that butorphanol's diuretic effect was independent of water con- 
sumption and perhaps an inconsistent response to volume deple- 
tion induced by these agents. 

Butorphanol administration (12 or 48 o, mols/kg, SC) did not 
affect respiratory rate when compared to saline-treated animals. In 
contrast, morphine administration markedly depressed respiratory 
rate when compared to saline- and butorphanol-treated animals. 
These data would suggest that butorphanol possesses less efficacy 
at the opioid site(s) mediating reduction of respiratory rate. 

Opiate- and opioid-mediated respiratory depression appears to 
be mediated by both mu and delta opioid receptors (30,46). 
Perhaps butorphanol is a partial agonist at both of these sites, 
having little efficacy in reducing respiratory rate. Alternatively, 
butorphanol may have effects at delta opioid receptors which may 
modify its mu opioid receptor-mediated actions on respiratory 
rate. Such mu/delta opioid receptor interactions have been dem- 
onstrated in vivo (44). 

In in vitro radioligand displacement studies, butorphanol is a 
potent ligand for mu, delta, and kappa opioid receptors, being 3, 
10 and 30 times more potent at these sites, respectively, than 
morphine. Unfortunately, the nature of butorphanol's interaction 
with these opioid receptors cannot be ascertained from these data. 
Perhaps experiments utilizing the "sodium effect" (31) which 
appears to be operative at the mu, delta and kappa opiate receptor 
types (2,19) would be useful in discriminating the nature of 
butorphanol's actions at these receptors. 

Butorphanol, as well as morphine appear to possess little 
affinity for the opioid sigma receptor. This is consistent with 
postulated structural requirements of opiates for sigma receptor 
binding (21). Of the morphine surrogates, those with highest 
apparent affinity for this site are the class of compounds known as 
benzomorphans, which lack the " C "  ring of their parent com- 
pound, morphine. Butorphanol, a morphinan, possesses this 
structural component and as with other compounds in this classi- 
fication, such as levorphanol, exhibits poor affinity for this site 
(21). Behavioral drug discrimination studies in vivo also suggest 
that butorphanol has little affinity for this site (37,47). 

Taken in toto, these data indicate that butorphanol has multiple 
actions through the opioid receptor system, which are most likely 
mu, delta and kappa receptor-mediated. However, the nature of 
butorphanol's opioid receptor interactions cannot be determined 
from these data. It would be of interest to characterize the 
agonistic and antagonistic actions of this compound at these sites, 
especially in terms of butorphanol's potential to induce tolerance 
and dependence relative to morphine. This is of importance as at 
the present time, butorphanol is not classified as a controlled 
substance (DEA, personal communication) and reports have sur- 
faced in the literature documenting both the diversion and abuse of 
this compound (3, 5, 16). 
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