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Abstract

In this double-blind, cross-over study physiological (i.e. blood pressure, heart rate, plasma
catecholamine concentrations, plasma cortisol concentrations) and subjective (i.e. McGill Pain
Questionnaire, positive affect, distress) response to a cold pressor task was assessed in 19 subjects
one hour after the administration of 50 mg naltrexone and after placebo. Significant differences in
plasma catecholamine concentrations were found. Plasma epinephrine concentrations increased
during the one hour period after naltrexone administration but remained largely unchanged after
placebo administration. A significant treatment x period effect was also found for plasma
norepinephrine concentrations. No significant differences were found for other measures assessed.
Further research is necessary to determine the subpopulations in which these effects are of greatest
magnitude and the long term safety implications of these effects.

INTRODUCTION

When one is subjected to a stressor, activation of the sympathetic system and the HPA axis
occurs (Strike and Steptoe 2003; Velasco et al 1997). The magnitude of response to stressors
has been studied as it relates to areas including cardiovascular disease and substance abuse
(al’ Absi 2006; Sinha et al 2006; Treiber et al 2003). To more fully understand mechanisms by
which stress response influences disease outcomes, it is important to study the various pathways
by which stress response is regulated, of which the endogenous opioid system is one.

Opioid receptor antagonists are being studied in the treatment of substance use disorders (i.e.
alcohol dependence, nicotine dependence, opioid abuse) (O’Malley et al 2006; Roozen et al
2006) and impulse control disorders (i.e. pathological gambling) (Kim et al 2001). As use of
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these agents increases, more fully understanding their neuroendocrine effects is necessary.
Since the endogenous opioid system is involved in the regulatory response to physiological
and pain stressors, evaluation of opioid antagonists needs to be conducted both under resting
and stress conditions. Additionally, testing the neuroendocrine and sympathetic response of
opioid antagonists during stress can increase understanding of the endogenous opioid system
in modulating stress response.

The goal of the described study is to evaluate the effect of naltrexone, an opioid antagonist, on
cardiovascular response (i.e. blood pressure, heart rate, plasma catecholamine concentrations),
neuroendocrine response (i.e. plasma cortisol concentrations), pain and distress measures
during a cold pressor task. We hypothesized that opioid blockade would reverse the expected
effects of endogenous opioids leading to an enhanced cardiovascular and neuroendocrine
response and increased pain response.

We recruited adults (> 18 years of age) in generally good health. Eligibility was determined at
a screening visit at which a medical examination was performed and the absence of
contraindications to naltrexone determined. Medical and psychiatric history was obtained by
subject report. Subjects were excluded if they reported a current chronic disease (e.g.
hypertension, renal or hepatic disease, cardiovascular disease, diabetes, respiratory disorders),
reported current opiate dependence or use of narcotic medication within 3 days before the
study, reported a history of a major psychiatric disorder, were pregnant or reported routine use
of any prescription medication. This study was approved by the University of Minnesota
Institutional Review Board and written informed consent was obtained from all subjects.

Study Design / Procedures

In this randomized, double-blind, cross-over study, physiological and subjective response to
a cold pressor task (CPT) was assessed in subjects 1 hour after a single 50 mg naltrexone dose
and a matching placebo. One hour corresponds to the time at which peak plasma concentrations
typically occur (Gonzalez and Brogden 1988). Each subject attended two laboratory sessions
separated by a minimum of 3 days with all laboratory sessions beginning at approximately the
same time of day (i.e. 12:00 —1:00 PM).

The procedures for the two laboratory session were identical except for the medication that
was administered (Figure 1). The order of medication administration was randomized between
subjects. During an initial thirty minute baseline rest period blood pressure (BP) and heart rate
(HR) were measured at 5 minute intervals and blood was drawn through an indwelling catheter
at the conclusion of this baseline period. Subjects then took either a 50 mg naltrexone or
matching placebo capsule. A 60 minute rest period followed during which BP and HR were
measured at 10 minute intervals; blood was drawn and subjects completed a mood state
questionnaire at 20 minute intervals. This questionnaire covered 2 factors (Positive Affect and
Distress) as described previously (al’ Absi and Petersen 2003). The CPT was then administered
using previously described methodology (al’ Absi et al 2000). In brief, subject placed one hand
into an ice-water slurry for 90 seconds with pain ratings occurring at 15 second intervals. After
removing their hand from the ice water, pain ratings continued during a 90 second recovery
period. One BP and HR measurement was obtained during the CPT and one immediately after
subjects removed their hand from the ice water. The mood states and McGill Pain Questionnaire
(Melzack 1975) were completed after the cold stressor task. Blood was drawn during
completion of the questionnaires. A final 60 minute rest period then began during which BP
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and HR were measured at 10 minute intervals; mood states questionnaires was completed and
blood was drawn at 20 minute intervals.

All blood samples were analyzed using enzyme immunoassay to assess plasma cortisol
concentrations and three of the samples (i.e. baseline, immediately prior to, immediately
following CPT) were analyzed using high performance liquid chromatography with
electrochemical detection to determine plasma epinephrine and norepinephrine concentrations.
For samples with epinephrine concentrations lower than the lower limit of quantitation (10 pg/
ml), a value of 5 pg/ml was used for purposes of analysis. The lower limit of quantitation for
the plasma cortisol assay is 0.5 mcg/dl.

Statistical Analysis

RESULTS

The average BP and HR were determined for each of four periods (predrug baseline, postdrug
rest, during CPT, during recovery). Plasma catecholamine concentrations were measured
during 3 periods and plasma cortisol concentrations and mood states questionnaire were
measured during 8 periods (as described previously). Pain ratings were determined for each of
the two periods (during CPT, after CPT) by averaging ratings obtained during that period. The
McGill Pain Questionnaire was administered after the CPT.

Drug order effects were assessed via a series of preliminary analyses of variance comparing
the 2 drug orders with no effects of drug order found on any of the measures of interest. Data
were then collapsed across drug conditions for subsequent analyses.

Cardiovascular data were analyzed using 2 (Drug Condition) x 4 (Period) repeated ANOVAs.
Plasma catecholamine concentrations were analyzed using 2 (Drug Condition) x 3 (Period)
ANOVA:s. Plasma cortisol concentrations and mood states questionnaire data were analyzed
using 2 (Drug Condition) x 8 (Period) ANOVAs. Pain ratings were analyzed using 2 (Drug
Condition) x 2 (Period) ANOVAs and McGill Pain Questionnaire scores were analyzed using
a 2 (Drug Condition) x 1 (Period) ANOVAs.

Nineteen subjects completed both laboratory assessments and are included in the analysis.
Average age of subjects was 26.1 + 6.9 (SD), average BMI was 23.9 + 2.8 and 53% of subjects
were female.

For plasma epinephrine concentrations a significant treatment x period effect was found [F (2,
16) = 12.7, p<0.001). In those receiving placebo, plasma epinephrine concentration remained
largely unchanged during the one hour period after placebo administration. However, in those
receiving naltrexone, plasma epinephrine concentrations increased by 10.4 pg/ml during this
period (p< 0.001). Although plasma epinephrine concentrations increased in both conditions
during the CPT, the increase was similar across the two conditions. Due to the increase in
epinephrine concentrations prior to the CPT when receiving naltrexone (but not placebo),
epinephrine concentrations after the CPT were higher in those receiving naltrexone compared
to placebo 32.2 versus 28.9 pg/ml, although this difference was not statistically significant
(figure 3a).

A significant treatment x period effect was also found for plasma norepinephrine
concentrations [F(2, 14) = 5.4, P < 0.02], however the pattern was that there was a greater
decrease in plasma norepinephrine concentrations during the one hour period after medication
and a smaller increase in response to the CPT (figure 3b).
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No differences were observed between treatments in measures of SBP, DBP, HR, McGill Pain
Questionnaire score or pain ratings. Although cortisol concentrations increased after the
administration of the cold presor test as indicated by a main effect of period (F (7, 10) = 9.32;
p < 0.001), no significant differences were observed between treatments (Figure 2). Distress
increased [F(7, 11) = 3.44, p = 0.03)] and positive affect decreased with time [F(7, 11) = 3.2,
p =0.04] during the CPT as indicated by significant main period effects, although no significant
treatment by period effects were found.

Discussion

The main finding is that naltrexone administration prior to a CPT has significant effects on
plasma catecholamine (i.e. epinephrine, norepinephrine) concentrations, particularly
epinephrine concentrations which increased after naltrexone administration (but prior to the
CPT).

The data regarding opioid antagonist (i.e. naloxone, naltrexone) effects on HR and BP have
been somewhat inconsistent; however most data suggest that opioid blockade increases
epinephrine and cortisol concentrations (al’ Absi et al 2004; Bouloux et al 1985; Bouloux et al
1989; Hughes et al 1991; Litschauer et al 2005; Morris et al 1990). Inconsistent results may
perhaps be due to differences related to endogenous opioid levels of those studied. For example,
one study found that naloxone only potentiated the BP response to a mental stressor in those
with low baseline BP (McCubbin et al 1988). Another that naltrexone increased the HR
response to a math task only in aerobically fit individuals (McCubbin et al 1992). Additionally,
gender may impact naltrexone’s effect on blood pressure response to a CPT (al’ Absi et al
2004). The data as a whole therefore suggest that in certain subpopulations of subjects, opioid
blockade increases sympathetic response to either a mental or a cold presor stressor and may
also have effects on resting values. Effects on epinephrine and cortisol appear to be most
consistent.

Several limitations are present in this study. The small sample size does not permit sub-analyses
to be performed to determine predictors of naltrexone response and likely explains the lack of
significant cortisol effects despite relatively consistent reports of opioid blockers increasing
cortisol concentrations (although the trends observed were in the predicted duration). A
limitation related to the catecholamine data is the timing of the post cold-pressor blood draw.
Because catecholamine concentrations change rapidly, a better measure of catecholamine
response would have been to draw blood while their hand was submerged. Additionally, the
time between removal of the hand from ice water and drawing of the blood varied slightly
between lab sessions due to factors such as how long it took the nurse to start the blood draw
and how long it took for blood to be collected. Nonetheless, the data are generally consistent
with previously published reports and add to the totality of information regarding the
interactions between the endogenous opioid system and the hypothalamic-pituitary-adrenal
axis and the hypothalamo-sympathetic axis. Free cortisol concentrations (i.e. the biologically
active component) were not measured in this study; however it is unlikely that the unbound
fraction would have changed substantially in healthy volunteers during the course of this
relatively short study. Other studies have similarly measured total cortisol concentrations and
have found it is affected by the cold pressor task and by opioid blockade.

In summary, this study found that naltrexone administration alters baseline and cold-pressor
induced plasma catecholamine concentrations. Further research is necessary to determine the
subpopulations in which these effects are of greatest magnitude and the long term safety
implications of these effects.
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Figure 1.

Outline of each visit at which cold pressor test was administered. CPT = cold pressor test; M
=mood questionnaire; B; = blood draw assayed for plasma cortisol concentrations; B, = blood
draw assayed for plasma cortisol, epinenphrine and norepinephrine concentrations
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Figure 2.

Plasma cortisol concentrations (mean + SE) in subjects while receiving placebo or naltrexone.
Pre-CPT = Immediately prior to cold pressor test; CPT = immediately following cold pressor
test; CPT + 20 = 20 minutes following cold pressor test; CPT + 40 = 40 minutes following
cold pressor test; CPT + 60 = 60 minutes following cold pressor test.
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Figure 3.

Plasma epinephrine (panel A) and norepinephrine (panel B) concentrations (mean + SE) in
subjects while receiving placebo or naltrexone. Pre-CPT = Immediately prior to cold pressor
test; Post-CPT = immediately following cold pressor test.

Biol Psychol. Author manuscript; available in PMC 2009 October 7.



