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Introduction
Besides a psychosocial disposition, pathophysiological factors
may account for opiate dependence, as well as for the extremely
high relapse rate in opiate addicts. These pathophysiological
factors are of obvious clinical interest, as they may enable the
future development of efficient and specific therapeutical interventions, and diagnostic tools to detect early the risk for relapse.
We therefore are interested in characterizing pathophysiological
factors possibly involved in substance dependence and relapse.
Some 30 years ago Dole and Nyswander (1967) postulated
opiate dependence being a "metabolic disease" based on a
deficiency of endogenous opioids. In view of the findings that the
brain stem centers responsible for physical opiate dependence-the periaqueductal grey (Bozarth and Wise 1984) and the locus
coeruleus (Maldonado and Koob 1993)--are also the centers of
endogenous pain control (Watkins and Mayer 1982; Jensen
1986; Lipp 1991), we investigated pain sensitivity in detoxified
opiate-dependent individuals who had abstained for at least 1
month in long-time rehabilitation (ex-addicts). It was found that
ex-addicts showed a significantly decreased pain sensitivity in a
cold pressor test as compared to controls (Liebmann et al 1994).
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ceptive sensitivity to have existed already before dependence
occurred in these individuals (Lehofer et al 1997). This decreased
nociceptive sensitivity thus may be related to the development
and maintenance of drug dependence.
A decreased nociception in relation to the development of
heroin dependence might contradict the notion of a deficient
endogenous opioid system in opiate addicts, however, since
endogenous opioids are important pain-relieving substances
(Lipp 1991). The aim of this study was therefore to clarify
whether an increased endogenous opioid tone could account for
the decreased pain sensitivity in ex-addicts, as it is the ca,;e in
pain-insensitive healthy subjects (Buchsbaum et al 1977), or in
cold pressor test induced analgesia (Jungkunz et al 1983), where
in both cases the specific opioid antagonist naloxone could lower
the pain thresholds.

Methods and Materials
A group of 31 clinically detoxified, unmedicated opiate addicts
(for descriptors see Table 1), who participated in a long-term
rehabilitation program at the rehabilitation center "Grtiner
Kreis" (Aspang, Austria), was investigated. Continued abstinence was verified by urine drug screens. Dependence was
defined according to DSM-III-R. Beginning of detoxification
was defined as the time after termination of drug intake. Absence
of withdrawal symptoms, except minor autonomic symptoms,
like restlessness or minor sleep disturbances, marked the erd of
detoxification and beginning of the 2 years of rehabilitation in a
therapeutic community. Thirty-one healthy volunteers, who had
never been opioid dependent, served as controls for normal pain
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Table 1. Characteristics of the Control vs. the Ex-Addict
Group (Mean _+ SD)

Age (years)
% male
n
Duration of drug dependence (years)
Duration of rehabilitation (months)

Controls

Ex-addicts

31.7 _+ 9.5
40
31

27.1 ± 6.3
68
31
6.5 ± 4.2
8.1 ± 4.7

sensitivity (for descriptors see Table 1). Written informed consent was obtained from all participants.
We measured pain sensitivity after oral administration of the
specific ix-antagonist naltrexone (Nemexin ®, 50 mg, kindly
provided by Willvonseder & Marchesani, Vienna) in a placebocontrolled single-blind crossover study with a 3-week washout
period between the two experimental sessions. Naltrexone has a
long biological half-life (Martin et al 1973), and it was demonstrated to completely block the psychotropic effects of heroin in
former heroin addicts 24 hours after a single dose of 50 mg
(Resnick et al 1974). Therefore, the response to the medication
was examined 24 hours after treatment.
Pain sensitivity was determined with a cold pressor test, which
is established to be the best among presently used laboratory
methods to simulate quality, duration, and urgency of clinical
pain (Turk et al 1983). The cold pressor test was done as recently
described (Liebmann et al 1994), recording the times until i) first
pain sensation occurred (pain threshold), and ii) pain was no
longer tolerable (tolerance threshold) during a cold pressor
stimulus. Smoking was prohibited for at least 1 hour prior to the
pain measurement. After the test the corresponding subjective
maximal pain intensities during the tests were recorded using a
nine-point visual digital scale, from 1 (no pain) to 9 (extreme
pain).
Pain and tolerance threshold levels were normalized by logarithmization. To test associations of the dependent variables pain
threshold, tolerance threshold, and pain intensity with age, length
of rehabilitation, and the categorical variables sex, treatment
(with and without naltrexone), and proband group (control
or ex-addict), a stepwise regression was performed with the
SYSTAT 5.01 software package.

Results
The statistical analysis revealed a significant (p < 0.02) difference in pain threshold between controls and ex-addicts (Table 2),
but no association with age, sex, length of rehabilitation, or
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experimental treatment. No association of tolerance threshold or
pain intensity was found with any of the independent variables
tested.

Discussion
In accordance with earlier results (Liebmann et al 1994; Lehofer
et al in press), ex-addicts showed a decreased pain sensitivity in
a cold pressor test indicated by the increased pain threshold at
similar pain intensity. In healthy subjects reduced pain sensitivity
has been attributed to an increased endogenous opioid tone, since
the blockade by naloxone increased pain sensitivity in less
pain-sensitive healthy volunteers (Buchsbaum et al 1977). In
contrast to this, naltrexone in ex-addicts in the present experiment had no effect on the decreased pain sensitivity, indicating
that an increased opioid tone is not responsible for the higher
pain threshold in these patients. We therefore conclude that
nonopioid mechanisms of the endogenous pain control system
are up-regulated in ex-addicts.
Why should they be up-regulated? From animal experiments it
is known that the response to stressors producing nonopioid
stress-induced analgesia is higher when the opioid pathways are
blocked (Kirchgessner et al 1982; Yoburn et al 1987; Grisel et al
1993), indicating that opioid and non-opioid pain suppression
systems, are reciprocally inhibitory. Transferring these results
into humans, a primary dysfunction of central opioid pathways in
ex-addicts may be compensated by enhanced opioid-independent
mechanisms. From these considerations a primary dysfunction of
endogenous opioid pathways in ex-addicts seems likely.
But why are they less pain sensitive than healthy controls?
Could their reduced pain sensitivity be some sort of stress
analgesia? Very recently we could show that "nerwmsness" is
accompanied with reduced pain sensitivity (Lehofer et al 1997),
and that ex-addicts indeed rated themselves .as afflicted with
significantly increased nervousness (Liebmann et al in press);
however, a psychic stress-induced analgesia in healthy volunteers can be blocked by the opioid anlagonist naloxone (Bandura
et al 1988), indicating that a normal psychic stress-induced
analgesia involves at least in part opioid-dependent mechanisms.
In contrast to that, the pain sensitivity in ex-addicts does not
respond to opioid blockade, which argues against a normal
stress-induced analgesia in these patients.
Taken together our data indicate a shift toward nonopioid
analgesia in ex- addicts, most likely in response to a loss of
functional central opioid pathways. This lasting compensatory
up-regulation of opioid-independent pathways might explain

Table 2. Pain Measures in Placebo- and Naltrexone-Treated Ex-Addicts vs. Healthy Controls, Showing a Lack of Naltrexone
Effects in Ex-Addicts in Spite of an Increased Pain Threshold (Mean _+ SD)

Controls
Ex-addicts placebo
Ex-addicts naltrexone

Log pain threshold

n

Log tolerance threshold

na

Pain intensity

n

1.404 -- 0.297
1.564 - 0.209 b
1.587 -+ 0.245 b

31
31
29

1.82 ± 0.323
1.963 ± 0.312
1.97 ±- 0.267

15
16
16

5.469 -+ 2.615
6.27 _+ 2.08
5.683 -+ 1.967

31
30
30

" n drops since in about 50% of the probands the tolerance threshold was not reached (they could stand the pain over the full measuringperiod of 7 rain).
h p < .02 vs. healthy controls.
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why endogenous opioid pathways never return to normal, and
therefore why craving and the risk for relapse persist for years.
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Our results therefore argue in favor of an intrinsic dysfuncti,~n of
central opioid pathways in opiate dependence.
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