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Abstract
Nalbuphine (Nubain®) is a mixed action mu-kappa agonist used clinically for the management of
pain. Nalbuphine and other mu-kappa agonists decreased cocaine self-administration in preclinical
models. Cocaine stimulates the hypothalamic-pituitary-adrenal (HPA) axis, but the effects of
nalbuphine on the HPA axis are unknown. Analgesic doses (5 and 10 mg/70 kg) of IV nalbuphine
were administered to healthy male cocaine abusers, and plasma levels of PRL, ACTH and cortisol
were measured before and at 10, 17, 19, 23, 27, 31, 35, 40, 45, 60, 75, 105, 135 min after nalbuphine
administration. Subjective effects were measured on a Visual Analog Scale (VAS). Prolactin (PRL)
increased significantly within 17 min (P=.04) and reached peak levels of 22.1 ± 7.1 ng/ml and 54.1
± 11.3 at 60 min after low and high dose nalbuphine administration, respectively. VAS reports of
“Sick,” “Bad” and “Dizzy” were significantly higher after 10 mg/70 kg than after 5 mg/70 kg
nalbuphine (P=.05−.0001), and were significantly correlated with increases in PRL (P=.05−.0003).
However, sedation and emesis were observed only after a 10 mg/70 kg dose of nalbuphine.
Interestingly, ACTH and cortisol levels did not change significantly after administration of either
dose of nalbuphine. Taken together, these data suggest that nalbuphine had both mu- and kappa-like
effects on PRL (PRL increase) but did not increase ACTH and cortisol.

Introduction
Nalbuphine hydrochloride (Nubain®) is a synthetic opioid analgesic that is chemically related
to the potent opioid analgesic, oxymorphone, and the widely used opioid antagonist, naloxone.
The analgesic potency of nalbuphine is essentially equivalent to that of morphine on a weight
basis (Errick and Heel, 1983;Miller, 1980;Zacny et al., 1997). Nalbuphine is used primarily
for the management of pre- and postoperative pain, but is also used as an analgesic during labor
and delivery (Cohen et al., 1992), after myocardial infarction (Jamidar et al., 1987), and as a
parenteral analgesic by paramedics in the prehospital setting (Woollard et al., 2002).
Administration of nalbuphine causes some respiratory depression similar to that induced by
morphine (Lake et al., 1984). However, unlike morphine, administration of higher doses of
nalbuphine does not appreciably increase the respiratory depression (Romagnoli and Keats,
1980). This ceiling effect makes the drug a valuable adjunct to inhaled anesthetics during
various surgical procedures, especially those requiring stabilization of hemodynamic states,
such as cardiac and valvular surgeries.
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Nalbuphine has affinity for both mu and kappa opioid receptors in the CNS and is traditionally
classified as a mixed-action mu antagonist/kappa agonist (Jaffe and Martin, 1990;PDR,
2003;Preston and Jasinski, 1991). Studies in mice suggest that nalbuphine produces analgesia
through an interaction between the supraspinal kappa 3 receptor and the spinal kappa 1 receptor
(Pick et al., 1992). Direct activation of kappa receptors by nalbuphine has been demonstrated
in vitro in cells that express cloned human kappa opioid receptors (Zhu et al., 1997).
Furthermore, in vitro data demonstrated that nalbuphine is also an agonist at mu-receptors with
a variable efficacy similar to that of morphine (Emmerson et al., 1996;Gharagozlou et al.,
2003).

Nalbuphine was approved by the FDA as a nonscheduled opioid analgesic in the United States
in 1979. Although this opioid is generally regarded as having low abuse liability, subjective
evaluations by human subjects (Bigelow et al., 1984), as well as studies of drug self-
administration in nonhuman primates (Lukas et al., 1986), suggest that the abuse potential of
nalbuphine is comparable to that of other opioids. Indeed, nalbuphine dependence has been
described in three users of anabolic steroids in Britain (McBride et al., 1996), and studies in
the United States suggest that nalbuphine abuse or dependence among male and female athletes
may reflect a more widespread phenomenon than previously believed (Wines et al., 1999).
Users report taking nalbuphine to treat pain from injuries, to continue training despite
musculoskeletal pain, and to keep calm before and during athletic events. The major symptoms
of nalbuphine withdrawal reported were abdominal cramps, sweating, tremors, and irritability
(McBride et al., 1996;Wines et al., 1999).

Opioid use is associated with perturbations in the hypothalamic-pituitary-adrenal (HPA) axis
and/or the hypothalamic-pituitary-gonadal (HPG) axis. Mu and kappa opioids perturb the
neuroendocrine system and influence the release of the anterior pituitary and adrenal hormones
(Grossman, 1983). Clinical studies in healthy volunteers have shown that kappa opioid
receptor-selective agonists increase serum levels of PRL (Ur et al., 1997), but their effects on
cortisol are inconsistent and both increases in cortisol levels and decreases in cortisol and
ACTH levels have been reported (Ur et al., 1997). Pfeiffer and co-workers (Pfeiffer et al.,
1986) concluded that a kappa opioid agonist inhibited ACTH and cortisol secretion in a
naloxone-reversible manner. However, in 5 other subjects, there was an unexpected large
increase in ACTH and cortisol secretion following kappa agonist administration (Pfeiffer et
al., 1986). Furthermore, Ur et al. 1997 reported a dose-dependent stimulation of cortisol release
by kappa-selective agonist spiradoline in healthy human volunteers. Kappa opioid antagonists,
such as nor-BNI, tend to decrease PRL in rats (Baumann and Rabii, 1991;Manzanares et al.,
1993) and increase ACTH and cortisol in rhesus monkeys (Williams et al., 2003). The mu
antagonists naloxone and naltrexone, and the mixed mu/kappa antagonist nalmefene, increase
ACTH and cortisol in human subjects (Hernandez-Avila et al., 2002;Mendelson et al., 1986 
Mendelson et al., 1991;Schluger et al., 1998;Teoh et al., 1988;Wand et al., 1999a,b). Mu opioid
agonists also stimulate PRL release under some conditions (Bowen et al., 2002;Hoehe et al.,
1988;Saarialho-Kere et al., 1989), but inhibit ACTH and cortisol (Auernhammer et al., 1992,
1994). In contrast, selective mu-antagonists such as beta-FNA decrease PRL in rats (Baumann
and Rabii, 1991;Koenig et al., 1984) and block morphine-induced ACTH release in rats
(Pfeiffer et al., 1985). In rhesus monkeys, the mu antagonist quadazocine did not alter PRL
levels significantly but antagonized the heroin-induced increase in PRL (Bowen et al., 2002).

PRL regulation is very complex and involves both neuroendocrine and paracrine mechanisms
(Ben-Jonathan, 1985). PRL is under inhibitory control by dopamine and dopamine antagonists
stimulate PRL release (Ben-Jonathan and Hnasko, 2001). This study was part of a series
designed to evaluate the effects of nalbuphine on the abuse-related effects of cocaine (Mello
et al., 2005). Preclinical studies suggest that mixed action mu/kappa opioids selectively reduce
cocaine self-administration in non-human primates (Bowen et al., 2003;Mello et al.,

Goletiani et al. Page 2

Pharmacol Biochem Behav. Author manuscript; available in PMC 2008 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



1993;Mello and Negus, 2000). However, the neuroendocrine and subjective effects associated
with acute administration of the mixed-action kappa agonist/mu antagonist, nalbuphine, in
humans have not been studied extensively. The purpose of the present study was to investigate
the acute effects of nalbuphine on anterior pituitary hormones (PRL, ACTH) and the adrenal
hormone cortisol, and to determine the covariance between hormone changes and reports of
subjective effects in men.

Methods
Subjects

Fifteen male volunteers who fulfilled DSM-IV criteria for current cocaine abuse (305.6)
provided written informed consent for participation in this study. All subjects were recruited
via local newspaper advertisements and were paid for their participation. The study was
approved by the Institutional Review Board of McLean Hospital. Volunteers with any lifetime
DSM-IV Axis I disorder other than cocaine abuse and nicotine dependence (305.1) were
excluded. All men selected had normal physical and laboratory screening profiles and were in
good health. Over the course of the study, four subjects withdrew from participating for
personal reasons and one subject moved away. As a consequence, data are presented for ten
subjects. Subject confidentiality was protected by a Confidentiality Certificate from the
National Institute on Drug Abuse (NIDA), and the study was conducted in compliance with
Health Insurance Portability and Accountability Act (HIPAA) health privacy regulations.
Table 1 summarizes the subjects’ characteristics. Subjects did not differ significantly with
respect to age or BMI.

Rationale for Nalbuphine Selection
The analgesic potency of nalbuphine is essentially equivalent to that of morphine and the usual
recommended adult analgesic dose is 10 mg/70 kg (PDR, 2005). In normal healthy volunteers,
10 mg/70 kg nalbuphine and morphine have been shown to produce similar subjective and
physiological effects (Zacny et al., 1997). However, in cocaine abusers, 10 mg/70 kg
nalbuphine produced emesis and sedation, so only three subjects were studied at this dose. A
lower dose of 5 mg/70 kg nalbuphine was administered to seven subjects and produced no
adverse reactions. Nalbuphine doses of 5 or 6 mg/70 kg have proven to be safe and to induce
changes in positive subjective effects (e.g., High, Like Drug Effects, Feel Drug Effect) (Preston
and Bigelow, 2000;Zacny et al., 1997). These positive subjective effects after 5mg/70kg
nalbuphine administration were also reported by Mello et al., 2005, using the methodology
described in this paper. Specifically, within 10–25 minutes after nalbuphine administration,
Visual Analog Scale (VAS) ratings increased significantly for measures of High, Stimulated,
Good Effect, Drug Effect, and Euphoria and remained significantly above baseline measures
for 45–135 minutes (Mello et al., 2005).

Nalbuphine Preparation
The nalbuphine dose was prepared by diluting Nubain® (20 mg/ml, Endo Pharmaceuticals
Inc., Chadds Ford, PA) with 0.9% sterile saline. The nalbuphine dose was based on body weight
and is expressed as milligrams of the salt weight per 70-kg body weight.

Drug Abstinence Requirements
Subjects were tested for recent drug use before nalbuphine administration. On the morning of
each study day, subjects provided a urine sample for analysis with the Triage® Drugs of Abuse
(DOA) Panel (Biosite Diagnostics, San Diego, CA). The Triage® DOA Panel qualitatively
detects the presence of the following drugs of abuse (or their metabolites) in urine at the
designated cut-off concentrations recommended by the Substance Abuse and Mental Health
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Services Administration: phencyclidine 25 ng/mL, benzodiazepines 300 ng/mL,
benzylecgonine (a metabolite of cocaine) 300 ng/mL, amphetamines 1000 ng/mL,
tetrahydrocannabinol 50 ng/mL, opiates 300 ng/mL and barbiturates 300 ng/mL. No subject
tested positive for any of these drugs or their metabolites. Subjects were given a breath alcohol
test (Alco-Sensor IV, Intoximeters, Inc., St. Louis, MO) to ensure that they had not been
drinking alcohol-containing beverages recently. They were asked to abstain from smoking and
caffeinated beverages after midnight before the study. Subjects were also required not to eat
food or drink any non-clear liquids for 4 h, and not to drink clear liquids for 2 h before the
study session. Carbon monoxide (CO) levels were measured with a Vitalograph Breath CO
Monitor from Vitalograph, Inc. (Lenexa, KS) to assess compliance with smoking abstinence
requirements. Subjects with a CO level above 10 ppm were excluded.

Experimental Conditions
Studies were carried out on a clinical research ward used exclusively for investigations of
substance abuse. Only one subject was studied on each experimental day. Subjects sat in a
comfortable chair in front of a computer that was used to collect subjective responses during
the test session. Subjective responses and physiological data were collected before nalbuphine
administration and after nalbuphine administration. Each test session lasted for 150 min.

After subjects completed the baseline subjective-effects questionnaires, nalbuphine (5 or 10
mg/70 kg) was administered into the subject’s antecubital vein over 15 s. Saline was
administered 12 min after the nalbuphine injection. Heart rate, pulse oximetry were monitored
throughout the study session with a noninvasive patient monitor model (Scholar II/507E,
Criticare Systems, Waukesha, WI). Systolic and diastolic blood pressures were measured
periodically at baseline, and 10, 20, 25, 30, 35, 40, 45, 60, 75, 105 and 135 min after nalbuphine
injection. Vital signs were monitored for at least 4 h after completion of the study. A physician
certified in cardiopulmonary resuscitation was present during each study, and a cardiac
defibrillator and appropriate emergency treatment medications were located in the study room.

Sample Collection Procedures
All samples for nalbuphine and hormone analysis were collected from an intravenous catheter
placed in the antecubital vein of the arm opposite the arm used for nalbuphine injection.
Baseline blood samples for analysis of serum drug levels were collected 30 min before
nalbuphine injection. Samples for analysis of serum nalbuphine levels were collected at 10,
20, 25, 45, and 135 min after nalbuphine injection. Samples for serum/plasma analysis of PRL,
ACTH, and cortisol, were obtained 30 min and 5 min before drug administration and at 10, 17,
19, 23, 27, 31, 35, 40, 45, 60, 75, 105, 135 min after nalbuphine injection. Subjective measures
included a Visual Analog Scale (VAS), a Subject-Rated Adjective Checklist, and the short
form of the Addiction Research Center Inventory (ARCI) (Martin et al., 1971), and a Subject-
Rated Adjective Checklist. Items included on the VAS and the Adjective Checklist were based
on previous clinical studies of opioid effects and cocaine effects (Foltin and Fischman,
1992;Preston et al., 1989;Walsh et al., 2001b;Zacny et al., 1997). Subjective effects ratings
were collected at baseline and periodically after nalbuphine administration. Specifically, VAS
ratings were completed at 10, 20, 25, 30, 35, 40, 45, 60, 75, 105 and 135 min after nalbuphine
injection. Subjects were asked to rate the following drug effects: “Sick”, “Dizzy”, “Bad” Effect.
These items were selected to reflect opioid effects reported in previous studies (Foltin et al.,
1995;Walsh et al., 1996). Each of the items was rated from 0 (not at all) to 100 (extremely) on
a 100 mm line on the computer screen. The VAS ratings were usually completed within 1–2
min.
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Assay procedures
PRL Assay

Serum PRL was determined in duplicate by the ImmuChem hPRL IRMA method, using kits
(Cat. #: 07-274-102) purchased from ICN Biomedicals, Inc. (Costa Mesa, CA). The assay
sensitivity was 0.1 ng/ml and the intra- and interassay C. V.’s were 1.3% and 6.0%,
respectively.

ACTH Assay
Plasma ACTH was determined in duplicate by IRMA method using Alegro kits (Cat.#:
40-2195) purchased from Nichols Institute Diagnostics (San Juan Capistrano, CA). The assay
sensitivity was 1.7 pg/ml and the intra- and interassay C.V.’s were 3.9% and 5.6%, respectively.

Cortisol Assay
Plasma cortisol was determined in duplicate by the GammaCoat RIA method, using kits (Cat.
#: CA-1529) purchased from DiaSorin Corporation (Stillwater, MN). The assay sensitivity was
0.2 pg/dl and the intra- and interassay C. V.’s were 5.9% and 9.6%, respectively.

Serum Nalbuphine Analysis
Serum concentrations of nalbuphine were measured in duplicate using a solid phase ELISA
purchased from Neogen Corporation (Lexington, KY), with nalbuphine hydrochloride
dehydrate standard from Sigma-Aldrich (St. Louis, MO). The assay sensitivity was 0.06 ng/
ml and the intra- and interassay C.V.s were 5.4% and 6.5%, respectively.

Data Analysis
Data were analyzed by using a repeated measures ANOVA. If significant main effects were
detected, one-way ANOVAs were performed to identify the time points that differed
significantly from baseline within each group. Comparisons between the effects of 5 mg
nalbuphine/70 kg and 10 mg nalbuphine/70 kg were also analyzed with ANOVA for repeated
measures.

Results
Effect of Nalbuphine Administration on Serum Nalbuphine Levels (Figure 1)

Serum nalbuphine levels were measured 10, 45 and 135 minutes after nalbuphine
administration (Fig. 1). Ten minutes after nalbuphine administration, serum nalbuphine levels
averaged 52.5 ± 6.5 and 61.9 ± 6.2 ng/ml in the subjects who received 5 and 10 mg nalbuphine/
70 kg, respectively, but did not differ between groups. At 45 and 135 minutes after nalbuphine
administration, serum nalbuphine levels were significantly higher in subjects who received 10
mg/70 kg of nalbuphine.

Effect of Nalbuphine on Serum PRL Levels (Figure 2)
Before nalbuphine administration, there were no significant differences in PRL levels between
the two nalbuphine dose groups; baseline PRL levels averaged 8.31 ± 0.77 and 10.63 ± 1.22
ng/ml, respectively (Fig. 2). Administration of 5 mg nalbuphine/70 kg IV significantly
increased serum PRL levels within 17 minutes after injection (P < 0.05). Serum PRL levels
remained significantly higher than baseline for 105 minutes post-nalbuphine injection, but
returned to baseline levels within 135 minutes. Peak PRL levels of 22.1 ng/ml (165% higher
than baseline) were measured 60 minutes after nalbuphine administration. Administration of
10 mg nalbuphine/70 kg also increased serum PRL levels significantly within 17 minutes after
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injection (P < 0.05), and PRL levels remained higher than baseline at all subsequent time points.
Peak PRL levels of 54.1 ng/ml (400% higher than baseline) were measured 60 minutes after
administration of 10 mg nalbuphine/70 kg. PRL levels at 27, 31, 35, 40, 45, 60, and 75, and
105 minutes post-nalbuphine injection were significantly higher in subjects who received 10
mg nalbuphine/70 kg than those who received 5 mg nalbuphine/70 kg (P < 0.05−0.01).

Effect of Nalbuphine on Plasma ACTH and Cortisol (Figure 3)
Baseline levels ACTH and cortisol did not differ significantly between the two nalbuphine
dose groups. Prior to nalbuphine injection, average baseline levels of ACTH were 4.82 ± 0.34
and 7.81 ± 0.84 pg/ml in subjects who received 5 or 10 mg nalbuphine/70 kg, respectively.
Plasma ACTH levels did not change significantly over the course of the study period after
administration of either dose of nalbuphine (Fig. 3). Average baseline plasma cortisol levels
were 303.3 ± 38.7 and 379.3 ± 92.6 pg/ml in subjects who received 5 or 10 mg nalbuphine/70
kg, respectively. Plasma cortisol levels tended to decrease after nalbuphine injection, but the
decline was not statistically significant (Fig. 3). Plasma cortisol levels did not differ between
subjects who received 5 or 10 mg/70 kg nalbuphine.

Effect of Nalbuphine on Subjective Responses (Figure 4)
VAS measurements of “Sick”, “Bad” and “Dizzy” were collected before and after nalbuphine
administration (Fig. 4). VAS ratings of “Sick” after 10 mg nalbuphine/70 kg were significantly
higher (P < 0.05) than VAS ratings after 5 mg nalbuphine/70 kg at 30, 35, 40, 45, 60, 75, 105
and 135 min after IV nalbuphine. Subjects who received 10 mg nalbuphine/70 kg reported
feeling “Sick” within 25 minutes after administration of the drug (P < 0.05), and continued to
feel “Sick” at all time points for the next 110 minutes (Fig. 4). In contrast, subjects who received
5 mg nalbuphine/70 kg did not report feeling “Sick” during the study. Administration of 10
mg nalbuphine/70 kg also increased VAS ratings of “Bad” at all time points (P < 0.05), whereas
no significant changes in VAS ratings of “Bad” were reported by subjects who received 5 mg
nalbuphine/70 kg (Fig. 4). VAS ratings of “Bad” were not significantly different at any time
points between subjects who received 5 or 10 mg nalbuphine/70 kg. Subjects who received 10
mg nalbuphine/70 kg reported feeling “Dizzy” at all time points after drug administration,
whereas subjects who received 5 mg nalbuphine/70 kg reported feeling “Dizzy” only during
the first 60 minutes (Fig. 4). VAS reports of “Dizzy” did not differ between subjects who
received 5 or 10 mg nalbuphine/70 kg.

Correlation Between Serum PRL Levels and Subjective Effects
As shown earlier, serum PRL levels increased monotonically between 19 and 60 minutes after
administration of both doses of nalbuphine (Fig. 2). Increases in VAS ratings of “Sick” were
strongly correlated with serum PRL levels after 5 mg/70 kg nalbuphine (r2 = 0.765, P = 0.001)
and 10 mg/70 kg nalbuphine (r2 = 0.915, P < 0.001). VAS ratings of “Bad” also correlated
strongly (r2 = 0.844, P < 0.005) with serum PRL levels after 10 mg/70 kg nalbuphine but not
after 5 mg/70 kg nalbuphine. No significant correlations were found between VAS ratings of
“Dizzy” and serum PRL levels after either dose of nalbuphine (Fig. 5C)

Discussion
This is the first clinical study to investigate the effects of nalbuphine on the HPA axis hormones
and ratings of subjective effects in male cocaine abusers. Peak levels of nalbuphine were
detected within 10 min after IV administration of 5 mg/70 kg and 10 mg/70 kg nalbuphine.
One major finding of the present study was that a significant nalbuphine dose-dependent
increase in serum PRL levels was detected within 20 min, and levels continued to increase
until reaching peak values after 60 min. In our previous studies, using similar methodology,
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IV administration of the vehicle alone did not result in a significant change in PRL from the
baseline levels (see Mendelson et al., 2003).

The observed increase in serum PRL levels after IV nalbuphine administration is in agreement
with a study in healthy male and female volunteers, which showed that IM nalbuphine (0.15
mg/kg) increased plasma prolactin levels to peak levels that were 4-fold higher than baseline,
within 1 hour after administration (Saarialho-Kere, 1988). These clinical data are also
consistent with findings from a study of the effects of nalbuphine on prolactin in rhesus monkey
(Butelman et al., 2002). Nalbuphine stimulated a dose-dependent increase in prolactin in a
cumulative dosing procedure, and these effects were surmountably antagonized by the mixed
action mu/kappa opioid antagonist nalmefene (Butelman et al., 2002).

In contrast to nalbuphine’s effects on PRL, there were no significant changes in ACTH or
cortisol. This was surprising because ACTH and cortisol are also considered to be stress-
reactive hormones. Moreover, baseline cortisol levels were in the range previously measured
in cocaine abusers in whom cocaine stimulated a significant increase in ACTH and cortisol
(Mendelson et al., 2002). Thus hypercortisolemia could not account for the lack of changes in
ACTH and cortisol in the present study. The contrast between nalbuphine’s effects on PRL
and ACTH and cortisol may reflect its actions as both a mu and a kappa agonist and these
possibilities are discussed below.

VAS ratings of “Sick”, “Bad” and “Dizzy” were significantly higher in subjects who received
10 mg/70 kg nalbuphine than in those who received 5 mg/70 kg nalbuphine. Additionally, the
negative effects of 10 mg nalbuphine in this sample were substantially greater than those
previously reported in healthy volunteers (Walker et al., 2001;Zacny et al., 1997). Nalbuphine-
induced increases in PRL were significantly correlated with VAS ratings of “Sick” and “Bad”
after 10 mg/70 kg nalbuphine. The lower dose of nalbuphine was significantly correlated with
“Sick”. These subjective ratings are consistent with the classification of PRL as a stress-reactive
hormone (Marti and Armario, 1998). In our previous studies, no change from baseline in
subjective effects was observed after vehicle administration alone (Mendelson et al., 2003).

Prolactin Regulation
As noted earlier, tuberoinfundibular dopaminergic neurons (TIDA) play a predominant role in
control of PRL release (Ben-Jonathan, 1985;Ben-Jonathan and Hnasko, 2001). Continuous
release of dopamine (DA) is ensured by its high rate of synthesis via hydroxylation of tyrosine
to DOPA. Dopamine activity at D2 receptors tonically inhibits PRL release from anterior
pituitary and maintain its low circulating levels (Ben-Jonathan, 1985). Opioid peptides of all
three classes (mu-, kappa- and delta-) are known to interact with dopaminergic systems within
median eminence. A number of neural systems and estradiol (E) (Ben-Jonathan and Hnasko,
2001) are thought to be involved in opioid-mediated hormone release, including noradrenergic
(Carr and Gregg, 1995), cholinergic (Kaur, 2001), GABAergic (Kaur, 2001), serotonergic
(Foresta et al., 1986), and dopaminergic systems (Butelman and Kreek, 2001;Schlussman et
al., 2002).

Both mu and kappa opioid agonists stimulate prolactin release (Bart et al., 2003;Ellingboe et
al., 1980;Kreek, 1978;Kreek et al., 1999), so it is likely that the nalbuphine-induced increases
in serum prolactin levels observed in the present study involve interactions with both kappa
and mu opioid receptors. The most likely mechanism for the effects of opioids on hormone
release relates to TIDA, which consists of neurons with cell bodies in the arcuate and
periventricular nuclei of the hypothalamus and axons that project into the median eminence of
the hypothalamus. Dopamine released from these axons inhibit prolactin release by binding to
dopamine D2 receptors located on pituitary lactotrophs (Ben-Jonathan, 1985;Ben-Jonathan
and Hnasko, 2001;Yen and Jaffe, 1999). Thus, a decrease in dopamine levels would lead to
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increased PRL release. Indeed, preclinical studies have reported decreased extracellular
dopamine levels in the nucleus accumbens and caudate putamen in response to kappa agonists
such as salvinorin A (Zhang et al., 2005), U-69593 (Thompson et al., 2000), U-50488 (Donzanti
et al., 1992), and R-8470 (Zhang et al., 2004). Other studies suggest that opioids may interfere
with PRL regulation by activating mu receptors and causing hyperpolarization of dopamine
neurons, which inhibits their spontaneous activity (Loose and Kelly, 1989;Loose et al.,
1990). Although nalbuphine is generally regarded to be a mixed-action mu receptor antagonist
and kappa agonist (Jaffe and Martin, 1990) recent in vitro studies suggest that nalbuphine is
also an agonist at the mu receptor, with a variable efficacy to that of morphine (Emmerson et
al., 1996;Gharagozlou et al., 2003). These data raise the possibility that nalbuphine
administration may increase prolactin release through its mu agonist activity as well as its
kappa agonist activity. Preclinical studies and clinical studies described below suggest that
perturbations of the HPA axis reflected in PRL release are influenced by involvement of both
kappa and mu opioid receptors.

Preclinical Studies of Prolactin Interactions with Kappa and Mu Opioids
In preclinical studies, increases in PRL levels in response to kappa opioid receptor agonists
were reported in rats (Matton et al., 1991), sheep (Parrott and Goode, 1993) and rhesus monkeys
(Butelman et al., 1999a,b,c,2001,2002,2004). Similarly, PRL levels increased in response to
mu agonists in rats (Koenig et al., 1984;Limonta et al., 1987;Matton et al., 1991;Pan and Teo,
1989;Shin et al., 1988;Simpkins et al., 1991;Spiegel et al., 1982), sheep (Parrott and Goode,
1993), and rhesus monkeys (Bowen et al., 2002;Gilbeau et al., 1985).

Clinical studies of Prolactin interactions with Kappa and Mu Opioids
Serum prolactin levels increased after administration of kappa opioid receptor-selective
agonists dynorphin A1–13 (Bart et al., 2003;Kreek et al., 1999) and spiradoline (Ur et al.,
1997) in normal healthy volunteers. Increases in serum prolactin levels have been observed
after administration of a variety of mu opioid- selective agonists, including oxycodone
(Saarialho-Kere et al., 1989), meptazinol (Kay et al., 1985), morphine (Delitala et al., 1983),
dermorphin (Degli Uberti et al., 1983) in normal healthy volunteers. Heroin and methadone
also stimulate prolactin release in opioid-dependent men (Bart et al., 2003;Ellingboe et al.,
1980;Kreek, 1978). Furthermore, mixed action mu-kappa opioids such as buprenorphine and
nalmefene also increase serum prolactin levels in humans (Bart et al., 2005;Rolandi et al.,
1983). These data suggest that the nalbuphine-induced increases in serum prolactin levels
observed in the present study may involve interactions of the drug with both kappa and mu
opioid receptors.

Preclinical Studies of ACTH and Cortisol interactions with Mu and Kappa Opioids
The mu-selective agonists loperamide (Giagnoni et al., 1982) and morphine increased ACTH
and corticosterone in rats possibly via a CRF-independent mechanism; e.g. altering expression
of c-Fos in the paraventricular nucleus (PVN): site of CRF neurons known to initiate ACTH
secretion (Buckingham and Cooper, 1984,1986;Coventry et al., 2001;Giagnoni et al.,
1982;Houshvar et al., 2001a,b;Suemaru et al., 1986;Zhou et al., 1999). However, in other
studies, loperamide and the mu-selective agonists fentanyl decreased basal levels of ACTH as
well CRH-induced ACTH and cortisol in rat cultures (Auernhammer et al., 1993). An increase
in CRF and ACTH after kappa-receptor selective agonist MR 2034 administration was
observed in rats, possibly via both CRH-dependent and independent mechanism (Colagero et
al., 1996).
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Clinical Studies of ACTH and Cortisol Interactions with Mu and Kappa Opioids
An unexpected finding was that plasma ACTH and serum cortisol did not change significantly
after either dose of nalbuphine. The literature with respect to nalbuphine’s effects on HPA and
HPG axes hormones via modulation of mu- and kappa-opioid receptors is controversial and
possibly varies among species (Calogero et al., 1989;Pfeiffer et al., 1986). The loperamide and
fentanyl decreased basal levels of ACTH as well CRH-induced ACTH and cortisol release in
humans (Auernhammer et al., 1992). The kappa-agonist MR 2033 inhibited ACTH and cortisol
secretion at “stereotypic, non-classical opioid receptors” in a naloxone reversible manner
(Pfeiffer et al., 1986). However, there was an unexpected large increase in ACTH and cortisol
secretion following administration of the same kappa agonist (Pfeiffer et al., 1986).
Furthermore, a dose-dependent stimulation of cortisol release by kappa-selective agonist
spiradoline was reported in healthy human volunteers (Ur et al., 1997).

The mu opioid antagonists naloxone and naltrexonee increase plasma levels of ACTH and
cortisol in humans (Hernandez-Avila et al., 2002;King et al., 2002;Mendelson et al., 1986 
Mendelson et al., 1991;Teoh et al., 1988;Wand et al., 1999a,b). Additionally, the mixed mu/
kappa opioid buprenorphine, significantly attenuated cortisol levels in normal human
volunteers (Pende et al., 1986). However, the mixed action mu/kappa antagonist nalmefene
produced significant increases in ACTH and cortisol in healthy volunteers (Schluger et al.,
1998). Nalmefene induced increases in ACTH were greater than those observed after naloxone
(Schluger et al., 1998). Considering that nalbuphine may act as both a mu agonist and a mu
antagonist in addition to its kappa agonist activity, these data suggest that the interaction of
these oppositional forces may account for nalbuphine’s dual kappa-like and mu-like effects on
ACTH and cortisol.

In summary, the significant increase in levels of the anterior pituitary hormone PRL following
administration of the mixed mu/kappa drug nalbuphine is consistent with the effect of mu
agonists and kappa agonists alone. Interestingly, this mixed action did not increase ACTH and
cortisol even though subjects reported feeling “Sick”. These VAS ratings were significantly
correlated with increases in PRL. Because mu agonists alone inhibit ACTH and cortisol release,
these findings suggest that the mu-agonist component of nalbuphine may have prevented stress-
related and kappa agonist-induced stimulation of ACTH and cortisol. The dissociation between
the responses of these “stress” labile hormones to nalbuphine was unexpected.
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Fig 1.
Serum nalbuphine levels after IV administration of 5 or 10 mg/kg nalbuphine. Significant
differences are indicated by asterisks (*, P < 0.05) or daggers (†, P < 0.001). 5 mg nalbuphine
pharmacokinetic data were from our earlier behavioral study (for reference see Mello et al.,
2005).
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Fig 2.
Serum PRL levels after IV administration of 5 or 10 mg/kg nalbuphine. Significant changes
from the pre-nalbuphine baseline are indicated by asterisks (*, P < 0.05). Daggers (†, P <0.05)
indicate points at which PRL levels differed between subjects who received 5 or 10 mg
nalbuphine.
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Fig 3.
Plasma ACTH and cortisol levels after IV administration of 5 or 10 mg/kg nalbuphine.
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Fig 4.
VAS ratings of “Sick”, “Bad” and “Dizzy” after IV administration of 5 or 10 mg/kg nalbuphine.
Significant changes from baseline are indicated by asterisks (*, P < 0.05). Times when VAS
ratings differed between subjects who received 5 or 10 mg nalbuphine are indicated by daggers
(†, P <0.05).
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Figure 5.
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Table 1
Subject characteristics Values are mean ± S.E.M.

Age Education BMI

5mg/70kg(n=7) 26.1±1.6 13.0±0.7 25.1±1.1
10mg/70kg(n=3) 26.0±1.5 13.3±2.0 24.5±2.1
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