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Abstract
Rationale—Tramadol is an atypical, mixed-mechanism analgesic involving both opioid and
catecholamine processes that appears to have low abuse potential and may be useful as a treatment
for opioid dependence.

Objectives—The current study assessed the level of physical dependence and opioid blockade
efficacy produced by daily maintenance on oral tramadol.

Methods—Nine residential opioid-dependent adults were maintained on two doses of daily oral
tramadol (200 and 800 mg) for approximately 4-week intervals in a randomized, double-blind,
crossover design. The acute effects of intramuscular placebo, naloxone (0.25, 0.5, and 1.0 mg),
and hydromorphone (1.5, 3.0, and 6.0 mg) were tested under double-blind, randomized conditions.
Outcomes included observer- and subject-rated measures and physiologic indices.

Results—Challenge doses of naloxone resulted in significantly higher mean peak withdrawal
scores compared to placebo. Withdrawal intensity from naloxone was generally greater during 800
versus 200 mg/day tramadol maintenance. Mean peak ratings of agonist effects were elevated at
higher hydromorphone challenge doses, but did not differ significantly between tramadol doses.
Physiologic measures were generally affected by challenge conditions in a dose-dependent
manner, with few differences between tramadol maintenance dose conditions.
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Conclusions—Chronic tramadol administration produces dose-related opioid physical
dependence, without producing dose-related attenuation of agonist challenge effects. Tramadol
may be a useful treatment for patients with low levels of opioid dependence or as a treatment for
withdrawal during opioid detoxification, but does not appear to be effective as a maintenance
medication due to a lack of opioid cross-tolerance.
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Tramadol; Opioid; Dependence; Withdrawal; Naloxone; Treatment; Hydromorphone; Blockade;
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Introduction
Tramadol is an atypical, centrally acting synthetic analgesic used to treat moderate to severe
pain, with antinociceptive effects that are mediated by a combination of mu-opioid agonist
effects and norepinephrine and serotonin reuptake inhibition (Kayser et al. 1992; Raffa et al.
1992; Driessen et al. 1993; Desmeules et al. 1996). In its parent form, tramadol exists as a
racemic mixture of two active enantiomers which undergo hepatic biotransformation to form
N- and O-demethylated compounds (Raffa et al. 1993). The O-demethylated metabolite, (+)-
O-demethyltramadol (known as M1), has greater affinity for the mu-opioid receptor than the
parent compound and is primarily responsible for tramadol’s mu-opioid activity; however,
this activity is relatively weak in comparison to full mu-agonists (Gillen et al. 2000; Raffa
2008). M1 has been shown to possess one tenth the affinity for the mu-receptor as morphine
(Frink et al. 1996; Gillen et al. 2000), and in humans parenteral tramadol is approximately
one tenth as potent as parenteral morphine in producing analgesia (Gutstein and Akil 2001)
and 1/20 as potent as parenteral morphine in producing prototypic subjective opioid agonist
effects (Epstein et al. 2006; Preston et al. 1991).

Tramadol has been widely prescribed for over 40 years in many countries with limited
evidence of diversion and abuse. Despite its mu-opioid activity, tramadol was approved as
an unscheduled analgesic in the USA in 1994 based largely on epidemiologic experience,
and a number of animal (Miranda and Pinardi 1998; Murano et al. 1978; Yanagita 1978) and
human (Cami et al. 1994; Jasinski et al. 1993; Preston and Jasinski 1989; Preston et al. 1991;
Richter et al. 1985) studies that suggested, it had low abuse potential. Postmarketing
surveillance in the USA has shown that abuse and diversion of tramadol has remained low
even as new formulations and generic versions have become available (Cicero et al. 1999,
2005; Inciardi et al. 2006; Woody et al. 2003).

Although tramadol is viewed as being a relatively weak opioid with a low potential for
abuse, studies in humans suggest that it does possess mu-agonist activity. Studies in
experienced, but nondependent drug users have shown that doses of tramadol ranging from
the therapeutic to supratherapeutic can induce miosis, a prototypic mu-agonist effect, and
result in significantly elevated opiate-like reinforcing subjective effects (Epstein et al. 2006;
Preston et al. 1991; Zacny 2005). Retrospective, prospective, and controlled clinical designs
have indicated that tramadol may be effective in alleviating spontaneous opioid withdrawal,
although doses higher than those typically prescribed for analgesia may be required (Salehi
et al. 2005; Sobey et al. 2003; Tamaskar et al. 2003; Threlkeld et al. 2006; Carroll et al.
2006; Lofwall et al. 2007).

Despite evidence that repeated use of tramadol may lead to physical dependence, no well-
controlled studies assessing tramadol’s ability to produce opioid physical dependence in
humans have been conducted. There have been case reports of patients with apparent
physical dependence on tramadol, as manifested by withdrawal upon cessation of tramadol
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use (e.g., Barsotti et al. 2003; Yates et al. 2001; Freye and Levy 2000; Ehrenreich and Poser
1993; Senay et al. 2003). Tramadol’s physical dependence capacity is important to quantify,
as it provides one index of tramadol’s opioid agonist effects, is informative regarding
tramadol’s abuse potential when used as an analgesic, and also can provide data relevant to
its potential development as a treatment for opioid dependence. If tramadol is to be
developed as a potential treatment for opioid dependence, an assessment of its ability to
attenuate opioid agonist effects is also warranted. Effective opioid treatment medications
such as methadone provide both suppression of withdrawal and cross-tolerance to the effects
of other opioids. The purpose of the current study was to evaluate the level of physical
dependence and opioid blockade efficacy produced by daily administration of tramadol,
utilizing a randomized, placebo-controlled, within-subject, crossover design.

Materials and methods
Participants

The study was approved by the Institutional Review Board for human research, and all
participants provided written informed consent and were paid for their participation. All
tested positive for opiates on urine toxicology and were diagnosed with Opioid Dependence
using the Structured Clinical Interview for DSM-IV (Spitzer et al. 1992). Volunteers
underwent routine medical screening, which included a history and physical examination,
ECG, serum chemistry and hematology, and urinalysis testing. Exclusion criteria included
current physical dependence on alcohol or a sedative/hypnotic drug, major mental illness
(e.g., schizophrenia), significant medical problem (e.g., history of seizure or hypertension),
and pregnancy. Participants were informed that the study was testing whether tramadol
might be helpful for treatment of opioid dependence and that they would be maintained on
morphine for about a week and a half and tramadol for the remainder of the study, and they
were informed that their morphine and tramadol doses might change without their
knowledge. Twenty participants enrolled; nine completed (Table 1) and 11 left the study for
a variety of reasons, including withdrawal discomfort, personal reasons, inconsistent data
responses, and minor medical issues.

Study setting
Participants resided on a closed 14-bed residential unit for approximately 10 weeks. Random
urine and breath samples were collected and tested with an on-site enzyme multiplied
immunoassay technique toxicology system (Behring Diagnostics, San Jose, CA, USA) and
an Alco-Sensor IV breathalyzer (AlcoPro, Knoxville, TN, USA) for illicit drugs and alcohol,
respectively. No tests were positive. Participants were maintained on a caffeine free diet and
were allowed to smoke ad lib up to 45 min prior to sessions.

Study design and procedure
This was a randomized, placebo-controlled, within-subjects crossover study consisting of
two phases. In phase 1, participants were administered subcutaneous (SC) morphine 15 mg
QID (0700, 1200, 1700, and 2200 hours). Following at least 7 days of morphine
administration, participants underwent two experimental sessions to verify their capacity to
report measurable precipitated opioid withdrawal effects. During these sessions, participants
received either placebo or 0.5 mg intramuscular (IM) naloxone, in double-blind, randomized
order. Evidence of precipitated withdrawal was based on results from three measures: (1)
pupil diameter increase >0.5 mm from baseline, (2) visual analog scale (VAS) ratings of
Bad Effects peak score ≥30, and (3) observer ratings of withdrawal signs ≥5 (this measure is
described below). Participants who met criteria for two of the three measures in response to
naloxone and not in response to placebo entered the second study phase. Criteria for entering
phase 2 were not known by participants or by staff performing assessments. One of the 20
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participants did not qualify for phase 2 due to inconsistent data responses during phase 1. In
phase 2, participants were maintained for approximately 4-week durations on two different
dose levels of daily oral tramadol; the order of tramadol doses was randomized. The doses
tested were 200 mg/day (50 mg QID), a typical analgesic dose, and 800 mg/day (200 mg
QID), a relatively high dose that is double the recommended daily dose, and was expected to
provide discernable opioid agonist effects in opioid-dependent participants. Participants
were maintained on each maintenance tramadol dose for at least 7 days before starting a
series of seven experimental sessions conducted at least 48 h apart (i.e., maximum of three
sessions per week). Each session tested one of seven conditions via IM injection: naloxone
(0.25, 0.5, 1.0 mg), hydromorphone (1.5, 3.0, 6.0 mg), and placebo. An additional eighth
session was permitted if methodological problems (e.g., missing data or computer error)
required repeating a session. While category of challenge medication (i.e., naloxone,
hydromorphone, or placebo) was randomized, naloxone and hydromorphone were
administered in ascending doses, permitting discontinuation if strong antagonist or agonist
effects were experienced at lower doses. Only two participants failed to receive all seven
experimental conditions; one participant did not receive the 1.0-mg naloxone challenge and
the other did not receive the 6.0-mg hydromorphone challenge, both while on 800-mg/day
tramadol.

Drugs
Tramadol HCl (Ortho-McNeil Pharmaceuticals, Raritan, NJ, USA), naloxone HCl (Endo
Laboratories, Chadds Ford, PA, USA), hydromorphone (Abbott Laboratories, Abbott Park,
IL, USA), and morphine sulfate (Baxter Healthcare Corporation, Deerfield, IL, USA) were
obtained from commercial sources. Tramadol was administered under an investigator-
sponsored Investigational New Drug Application (IND) from the Food and Drug
Administration (IND #69,537). Tramadol tablet(s) (50 mg each) were overencapsulated
along with lactose monohydrate powder, N.F. (Ruger Chemical Co., Irvington, NJ, USA) in
size 0 capsules (Capsugel, Greenwood, SC, USA). Each tramadol dose (50 and 200 mg)
contained the same number of capsules (one capsule for each dose; four capsules per day) to
maintain the blind. Capsules without tramadol (placebo) contained lactose monohydrate
powder, N.F. (Ruger Chemical Co., Irvington, NJ, USA). All injected drugs were aseptically
prepared under a laminar flow hood by filtering the solution through a 0.22-micron Millex-
GS Millipore filter (Millipore Products Division, Bedford, MA, USA) into a sterile,
pyrogen-free vial (American Pharmaceutical Partners, Los Angeles, CA, USA). Naloxone
doses were prepared from a 0.4-mg/ml solution, and morphine doses were prepared from a
15-mg/ml solution; both were diluted with bacteriostatic 0.9% saline for injection (Hospira,
Inc., Lake Forest, IL, USA) using sterile pyrogen-free plastic syringes (Becton Dickinson &
Company, Franklin Lakes, NJ, USA) to achieve the desired doses in a 1-ml volume.

Experimental sessions
Sessions took place in a quiet room separate from the residential unit, and participants were
monitored continuously throughout the test session by a research assistant and/or nursing
staff. The room contained two chairs, an Apple computer, circular lights apparatus, and
physiologic monitoring equipment. Subjective and observer measures along with cognitive
performance measures were presented on the computer screen, and responses were entered
using a key pad or mouse. Physiologic measures were recorded directly to the computer.

Sessions lasted 4 h and ran from approximately 0830 to 1230 hours; at 0900 hours, one of
the two (phase 1) or seven (phase 2) experimental drug conditions was administered (on
session days, morphine or tramadol doses normally scheduled at 1200 hours were moved to
1330 hours). Thirty minutes of data were collected prior to drug administration; data from
15 min prior to drug administration served as baseline data for analyses. Data collection
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continued for 210 min after drug administration. Measures described below were collected
every 15 min throughout each session except for heart rate, systolic and diastolic blood
pressure, oxygen saturation, and skin temperature, which were collected every minute and
then averaged across 15-min intervals.

Measures
Measures collected included physiologic assessments (e.g., blood pressure, pupil diameter)
and VAS items, participant- and observer-rated adjective scales, a participant-rated
Behavioral Pharmacology Research Unit (BPRU) opioid withdrawal scale (BOWS), and an
observer-rated pharmacologic class questionnaire (these have been described in detail in
prior studies; Lofwall et al. 2007; Strain et al. 2000).

Data analysis
Separate analyses were conducted for the morphine and tramadol maintenance phases.
Depending upon the specific dependent variable, either mean maximum values or mean
minimum values were derived and used in statistical analyses. Data for the initial morphine
maintenance phase were analyzed with a repeated measures regression model with a
spherical covariance structure since only two conditions were being compared. Data for the
subsequent randomized-dose tramadol maintenance phase were analyzed using a repeated
measures regression model with an autoregressive covariance structure with a lag of 1,
which models a dose-related relationship. Tukey’s post hoc tests were used to compare the
200- and 800-mg tramadol maintenance conditions at each challenge dose and to compare
placebo versus active challenge doses within each tramadol maintenance condition.

Analyses were conducted using SAS PROC Mixed, version 9.1. The repeated measures
regression model allows for the inclusion of participants with incomplete data. p values
below 0.05 were considered statistically significant.

Results
Visual analog scale items

Mean peak values for the VAS items are shown in Fig. 1 for the morphine and tramadol
maintenance phases. Results of challenge with 0.5 mg of naloxone during morphine
maintenance indicated that participants experienced strong precipitated opioid withdrawal
effects, as evidenced by significant increases versus placebo in the items Any Drug Effects
(p=0.009), Bad Effects (p=0.001), and Feel Sick (p=0.01).

During tramadol maintenance, VAS results indicated that withdrawal intensity was related
to both naloxone challenge dose and tramadol maintenance dose. As shown in Fig. 1, the
highest mean peak VAS ratings of Any Drug Effects, Bad Effects, and Feel Sick occurred
following challenge with 0.5 and 1.0 mg naloxone during tramadol 800 mg/day, and these
scores were similar in magnitude to those observed following 0.5 mg naloxone during
morphine maintenance. Mean peak ratings of Any Drug Effects, Bad Effects, and Feel Sick
were significantly elevated versus placebo for both 0.5 and 1.0 mg naloxone during 800 mg/
day tramadol (all p≤0.004). However, during 200 mg/day tramadol, only Bad Effects was
significantly increased following both 0.5 and 1.0 mg naloxone doses (p≤0.026), while Any
Drug Effects was significantly elevated only in response to 1.0 mg naloxone (p=0.004).
Mean peak scores of Any Drug Effects, Bad Effects, and Feel Sick were all numerically
higher following 0.5 and 1.0 mg naloxone for the 800- versus 200-mg/day conditions,
although the only significant difference between the two maintenance doses was observed
for 0.5 mg naloxone on the Bad Effects item.
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Peak values for VAS items indicative of agonist effects were elevated in a clear dose–
response fashion, as successively higher doses of hydromorphone resulted in higher scores
of Any Drug Effects, Good Effects, High, and Liking (Fig. 1). During 200 mg/day tramadol,
relative to placebo challenge, mean peak ratings of Good Effects and Liking were
significantly elevated following all three hydromorphone challenge doses (p≤0.046), and
High and Any Drug Effects were significantly elevated following only 6.0 mg
hydromorphone (p≤0.0001). During 800 mg/day tramadol, Good Effects and High were
significantly elevated versus placebo following 3.0 and 6.0 mg hydromorphone (p≤0.035),
and Liking and Any Drug Effects were significantly elevated following only 6.0 mg
hydromorphone (p≤0.001). Ratings on these items following hydromorphone challenges did
not significantly differ between the two tramadol maintenance doses.

Opioid adjective rating questionnaire and BOWS
Mean maximum and minimum values and results of post hoc analyses for participant- and
observer-rated and physiological measures are presented in Table 2. During morphine
maintenance, 0.5 mg naloxone produced significantly elevated participant- and observer-
rated antagonist scale scores relative to placebo challenge (p=0.001 and p=0.007,
respectively), and significantly increased the observer-rated BOWS (p<0.001; Fig. 2, top
panel), indicating substantial precipitated withdrawal effects.

During tramadol maintenance, participant-rated antagonist scale scores indicated that
withdrawal intensity was related to both naloxone challenge dose and tramadol maintenance
dose. The highest mean peak participant-rated antagonist scale scores occurred following
challenge with 0.5 and 1.0 mg naloxone during tramadol 800 mg/day (Table 2), and these
scores were similar in magnitude to the mean peak score observed following 0.5 mg
naloxone during morphine maintenance. Participant-rated antagonist scale scores were
significantly elevated versus placebo in response to 0.5 and 1.0 mg naloxone (both p<0.001)
during 800 mg/day tramadol; however, only 1.0 mg naloxone resulted in a significant
elevation of scores (p=0.001) during 200 mg/day tramadol. Although mean peak scores
following each dose of naloxone tested were numerically higher for 800 versus 200 mg/day
tramadol, there were no statistically significant differences between the two tramadol
maintenance doses.

Observer-rated antagonist scale scores followed a similar pattern as the participant-rated
scores (see Table 2). Mean peak scores on this scale during 800 mg/day tramadol were
numerically higher than 200 mg/day tramadol at each dose of naloxone tested and increased
as naloxone dose increased. During 800 mg/day tramadol, mean peak scores following 0.5
and 1.0 mg naloxone were similar in magnitude to the mean peak score observed following
0.5 mg naloxone during morphine maintenance. Following 0.5 and 1.0 mg naloxone, there
were significant increases versus placebo (both p<0.001) for 800 mg/day tramadol; however,
for 200 mg/day tramadol, only the highest dose of naloxone resulted in a significant increase
in peak score (p=0.005). Further, mean peak observer-rated antagonist scale score following
1.0 mg naloxone during 800 mg/day tramadol was significantly elevated as compared to 200
mg/day tramadol (p=0.023). There were no significant differences between the two doses of
tramadol at either of the lower doses of naloxone.

As shown in Fig. 2 (top panel), observer-rated total BOWS scores were also related to
naloxone and tramadol dose. For both tramadol maintenance doses, total BOWS scores were
significantly elevated versus placebo following each of the three challenge doses of
naloxone (all p≤0.023). Although mean peak BOWS scores for 800 and 200 mg/day
tramadol were practically identical following the 0.25-mg naloxone dose, challenge with 0.5
and 1.0 mg naloxone resulted in significantly elevated BOWS scores for 800 versus 200 mg/
day tramadol (p=0.013 and p= 0.005, respectively). Total BOWS scores for 800 mg/day
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tramadol following 0.5 and 1.0 mg naloxone were slightly higher in magnitude than the
mean peak BOWS score observed following 0.5 mg naloxone during morphine
maintenance, which itself was slightly higher than the scores observed for 200 mg/day
tramadol.

Participant- and observer-rated agonist adjective scale results for 200 and 800 mg/day
tramadol followed similar patterns in response to hydromorphone challenges. Relative to
placebo, participant- and observer-rated scores (Fig. 2, middle panel) increased modestly in
response to the two lowest doses of hydromorphone (1.5 and 3.0 mg), with no statistical
differences observed between 200 and 800 mg/day tramadol. Administration of 6.0 mg
hydromorphone resulted in significant and practically identical increases in agonist adjective
scale scores versus placebo during each maintenance dose of tramadol, on both the
participant- and observer-rated scales (all p≤0.002).

Physiologic measures
Mean maximum and minimum data for physiologic measures are summarized in Table 2.
Physiological measures were generally affected by challenge conditions in a dose-dependent
manner, with few differences between tramadol maintenance dose conditions. As shown in
Fig. 2 (bottom panel), pupil diameter (calculated as maximum increases and decreases from
baseline) was not significantly affected by any challenge doses of naloxone for either
tramadol dose condition, relative to placebo. Challenge with hydromorphone resulted in
dose-dependent maximum decreases in pupil diameter that were similar for both tramadol
dose conditions, with significant decreases relative to placebo challenge observed following
3.0 and 6.0 mg hydromorphone (all p≤0.001).

Compared with placebo challenge, administration of 0.5 mg naloxone during morphine
maintenance significantly elevated pulse and systolic and diastolic blood pressure (see Table
2). During 800 mg/day tramadol dosing, challenge with 0.5 and 1.0 mg naloxone resulted in
several significant differences relative to placebo challenge and to 200 mg/day tramadol in
these variables, particularly in peak systolic and diastolic blood pressure.

For all challenge conditions (naloxone and hydromorphone), there were no significant
differences between the two tramadol maintenance conditions in pupil diameter, oxygen
saturation, skin temperature, and respiration rate. Oxygen saturation decreased significantly
relative to placebo in response to the 6.0-mg hydromorphone challenge during 200 mg/day
tramadol (p≤0.001), but not during the 800-mg/day tramadol maintenance dose.

Discussion
This study evaluated the level of physical dependence and blockade efficacy produced by
maintenance on two dose levels of the mixed-mechanism analgesic tramadol in opioid-
dependent volunteers. Overall, naloxone-precipitated withdrawal was observed to occur, and
its intensity was related to both tramadol maintenance dose and naloxone challenge dose.
Elevations in participant- and observer-rated measures of antagonist effects that were
observed in response to dosing with 0.5 and 1.0 mg naloxone during 800 mg/day tramadol
maintenance tended to be similar in magnitude to scores observed following 0.5 mg
naloxone during maintenance on 60 mg/day (15 mg QID) SC morphine. However, neither
maintenance dose of tramadol appeared to provide discernible opioid agonist blockade
effects in response to challenges with hydromorphone. Scores on participant- and observer-
rated measures of agonist effects were elevated in a clear dose–response manner following
successively higher doses of hydromorphone, with no significant differences observed
between tramadol maintenance conditions following any hydromorphone dose.
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Unlike previous work performed by Jasinski et al. (1993) and Preston et al. (1991) that
focused exclusively on characterizing the acute effects of parenterally and orally
administered tramadol in nondependent opioid abusers, the current investigation is the first
to systematically assess the ability of different doses of tramadol to produce opioid physical
dependence and opioid blockade effects in human volunteers when administered daily for a
sustained period. The results suggest that although tramadol may exhibit weak opioid-like
subjective effects in humans, it does possess the potential for physical dependence at a daily
dose typically prescribed for the treatment of pain (i.e., 200 mg/day). The results of this
study emphasize the importance of acute agonist effects, as opposed to physical dependence,
as the critical determinant of abuse liability. Epidemiological experience with tramadol has
confirmed it to be a drug of low abuse potential, yet the present human laboratory data (and
some epidemiological data) show that repeated use can lead to physical dependence. Thus,
the low abuse of tramadol is consistent with its modest and delayed opioid agonist effects
more than with its physical dependence potential.

Lofwall et al. (2007) reported that acute administration of oral tramadol at doses of 200 and
400 mg produced evidence of opioid withdrawal suppression with a delayed onset of action
relative to morphine in opioid-dependent volunteers experiencing spontaneous withdrawal.
Other investigators have also reported that tramadol administration results in a slow onset
and lack of robust opioid-like subjective, observer-rated, and physiological effects (Carroll
et al. 2006; Epstein et al. 2006; Preston et al. 1991). Although previous studies have shown a
relative lack of acute opioid-like effects in human participants, the results of the current
study indicate that administration of daily tramadol at a typical analgesic dose of 200 mg/
day (50 mg QID) can lead to pronounced precipitated opioid withdrawal effects following
challenge with naloxone and that opioid physical dependence can result from daily dosing
with tramadol. Further, daily dosing with 800 mg/day (200 mg QID) tramadol, a relatively
high dose that is similar to the reported maximum acute dose administered to humans (700
mg; Jasinski et al. 1993), resulted in discernibly greater precipitated withdrawal effects
following challenge with 0.5 and 1.0 mg naloxone, and these effects were quite similar in
magnitude to those observed following 0.5 mg naloxone challenge during dosing with 60
mg/day morphine. Thus, the development of opioid physical dependence from tramadol
administration appears to be dose-related, and administration of 800 mg/day tramadol
appears to lead to similar levels of opioid physical dependence as 60 mg/day morphine. It is
possible that acute dosing regimens are not sufficient to produce pronounced opioid-like
effects but that a sustained dosing regimen of tramadol results in the development of neural
adaptations characteristic of other mu-agonists.

It was observed anecdotally by staff that, during the period between the morphine
maintenance phase to either of the tramadol doses, some participants complained of mild
spontaneous opioid withdrawal symptoms. No data were collected to support these
observations, and no volunteers withdrew from the study due to these effects. Following this
initial period, most volunteers described feeling no withdrawal during the remainder of the
study and generally appeared to tolerate both doses of tramadol very well.

A lack of cross-tolerance was observed in this study, as evidenced by challenge doses of
hydromorphone producing robust subjective increases in measures of liking and high and
significant miosis regardless of daily tramadol dose. These results are in agreement with
data from other studies suggesting that tramadol does not effectively block the effects of
selective mu-agonists (Friderichs et al. 1978; Cami et al. 1994; Carroll et al. 2006). Taken
together, the findings that daily tramadol administration leads to dose-dependent physical
dependence with no evidence of opioid cross-tolerance indicate that tramadol may be useful
in treating opioid withdrawal in individuals with low levels of physical dependence or as a
detoxification agent, but would not be effective as a maintenance treatment.
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There are limitations to this study. One limitation was not drawing blood samples for
pharmacokinetic evaluations of tramadol and M1 levels. A more definitive relationship
between levels of M1 in the blood and the magnitude of observed precipitated opioid
withdrawal responses could have been derived from such analyses. A second limitation of
the study was the omission of a hydromorphone challenge dose during the morphine
maintenance phase. Therefore, no relative comparison can be made between the apparent
lack of opioid blockade effects observed during tramadol dosing and what might have
occurred following hydromorphone challenge during maintenance on morphine. A third
limitation was that only nine of 20 consented participants completed the study, potentially
limiting the generalizability of the results. However, previously published human laboratory
within-subjects studies of similar design have clearly shown that sample sizes of five to
eight subjects are adequate to produce consistent statistically significant effects across
subject-rated, observer-rated, and physiologic measures (e.g., see Cami et al. 1994; Strain et
al. 2000; Carroll et al. 2006). Lastly, subjects were opioid dependent prior to study
enrollment, and daily tramadol dosing may have perpetuated physical dependence rather
than produced it. The present study does not permit a distinction to be made between the
production versus maintenance of opioid physical dependence.

In conclusion, this study is the first to show under controlled laboratory conditions that
human volunteers can become physically dependent upon tramadol, that this dependence is
mediated through opioid receptors, and that the level of physical dependence is related to the
dose of tramadol administered. Evidence of physical dependence was observed following
daily maintenance on a dose of tramadol typically prescribed to treat mild to moderate pain.
The unique pharmacology of tramadol, in which hepatic biotransformation of the parent
compound to an active metabolite is necessary to produce significant mu-agonist effects,
likely explains why studies of acute dosing show minimal opioid-like effects, yet chronic
dosing results in opioid physical dependence and withdrawal upon discontinuation. An
accumulation of M1, which has a significant affinity for the mu-receptor likely leads to CNS
adaptations that are typical of other mu-agonists. The lack of opioid cross-tolerance
observed in this study indicates that tramadol’s potential usefulness as a treatment for opioid
dependence may be limited to patients with a relatively low level of physical dependence
and who do not require a significant acute opioid agonist effect to maintain medication
compliance or as a treatment for withdrawal during opioid detoxification. Although
tramadol does appear to have minimal abuse potential compared to more efficacious full
mu-agonists such as hydromorphone, oxycodone, or heroin, it is apparent that repeated
dosing with tramadol can produce opioid physical dependence that is characteristic of other
opioids and that caution should be used when prescribing tramadol to those at risk of
substance abuse.
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Fig. 1.
Mean peak VAS drug effect scores. Results following IM placebo and naloxone challenges
during SC morphine maintenance are shown on the left, and results following IM naloxone
and hydromorphone challenges during 200 and 800 mg/day oral tramadol maintenance are
shown on the right. Tramadol 200 mg/day is represented by circles, and tramadol 800 mg/
day is represented by squares. A number sign indicates a significant difference from placebo
following naloxone challenge during morphine maintenance. A darkened symbol indicates a
significant difference from placebo during tramadol maintenance, and an asterisk indicates a
significant difference between tramadol dosing conditions. Statistical significance was set at
p<0.05. Vertical bars represent the SEM
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Fig. 2.
Mean peak scores on the BPRU opioid withdrawal scale (BOWS) and observer agonist
adjective scale are shown in the top and middle panels, respectively. Mean peak increase
(above abscissa) and decrease (below abscissa) from baseline in pupil diameter is shown in
the bottom panel. Results following IM placebo and naloxone challenges during SC
morphine maintenance are shown on the left, and results following IM naloxone and
hydromorphone challenges during 200 and 800 mg/day oral tramadol maintenance are
shown on the right. Tramadol 200 mg/day is represented by circles, and tramadol 800 mg/
day is represented by squares. A number sign indicates a significant difference from placebo
following naloxone challenge during morphine maintenance. A darkened symbol indicates a
significant difference from placebo during tramadol maintenance, and an asterisk indicates a
significant difference between tramadol dosing conditions. Statistical significance was set at
p<0.05. Vertical bars represent the SEM
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Table 1

Participant characteristics

Variablea Total (N=9)

Age (years) 35.7 (± 2.4)

Sex (% male) 78

Race (% Caucasian) 78

Education (years) 11.3 (± 0.6)

Marital status (% single) 67

Opiate use

 Years since 1st heroin use 11.7 (± 1.8)

 Days of heroin use in the last 30 days 28.9 (± 0.7)

 I.V. users (%) 89

 Amount spent on heroin/day ($) 18.9 (± 4.6)

 Lifetime use (years) 6.6 (± 2.2)

Cocaine useb

 Years since 1st cocaine use 15.0 (± 2.2)

 Days of cocaine use in the past 30 days 12.2 (± 4.2)

 I.V. users (%) 44

a
Values shown are means (± SEM) for continuous measures, except where otherwise indicated

b
N=8; one participant did not use cocaine
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