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PHARMACOKINETICS AND DISPOSITION

Ticlopidine inhibits both O-demethylation and renal clearance
of tramadol, increasing the exposure to it, but itraconazole
has no marked effect on the ticlopidine-tramadol interaction
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Abstract

Purpose We assessed possible drug interactions of tramadol
given concomitantly with the potent CYP2B6 inhibitor
ticlopidine, alone or together with the potent CYP3A4 and
P-glycoprotein inhibitor itraconazole.

Methods In a randomized, placebo-controlled cross-over
study, 12 healthy subjects ingested 50 mg of tramadol after
4 days of pretreatment with either placebo, ticlopidine
(250 mg twice daily) or ticlopidine plus itraconazole
(200 mg once daily). Plasma and urine concentrations of
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tramadol and its active metabolite O-desmethyltramadol
(M1) were monitored over 48 h and 24 h, respectively.
Results Ticlopidine increased the mean area under the plas-
ma concentration-time curve (AUC,_,,) of tramadol by 2.0-
fold (90 % confidence interval (CI) 1.6-2.4; p<0.001) and
Chnax by 1.4-fold (p<0.001), and reduced its oral and renal
clearance (p<0.01). Ticlopidine reduced the AUC,_; of M1
(»<0.001) and the ratio of the AUC,.,, of M1 to that of
tramadol, but did not influence the AUC,., of MI.
Tramadol or M1 pharmacokinetics did not differ between
the ticlopidine alone and ticlopidine plus itraconazole
phases.

Conclusions Ticlopidine increased exposure to tramadol,
reduced its renal clearance and inhibited the formation of
M1, most likely via inhibition of CYP2B6 and/or CYP2D6.
The addition of itraconazole to ticlopidine did not modify
the outcome of the drug interaction. Concomitant clinical
use of ticlopidine and tramadol may enhance the risk of
serotonergic effects, especially when higher doses of trama-
dol are used.
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Introduction

Tramadol is a widely used analgesic agent with multiple
pharmacological mechanisms of action. It has efficacy in the
treatment of acute and chronic pain conditions, including
neuropathic pain [1-4]. Still, guidelines for the treatment of
neuropathic pain rank tramadol as a second- or third-line drug
mainly because of its side effect profile and potentially harm-
ful interactions with serotonergic drugs [5—7]. The risk of
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interactions is perceived to be elevated in patients who use
multiple medications for pain control or antidepressants for
the treatment of comorbid depression [8]. In a Finnish study,
every fifth inpatient using tramadol took concomitant medi-
cation with potential to inhibit the conversion of tramadol to
its pharmacologically active O-desmethyl metabolite [9].

After oral administration, tramadol is rapidly absorbed
with an oral bioavailability of approximately 70 % [10].
Tramadol undergoes extensive oxidative metabolism. O-
demethylation of tramadol to O-desmethyltramadol (M1)
is mediated by cytochrome P450 (CYP) 2D6 and possibly
by 2B6 enzymes [11-14]. N-demethylation via CYP3A4
and CYP2B6 yields N-desmethyltramadol (M2) [14, 15].
Approximately 90 % of a tramadol dose is excreted in the
urine, mainly as metabolites, and 12-32 % is excreted in the
urine in unchanged form [13, 16]. Inhibitors of CYP2D6
have been shown to increase the plasma concentrations of
tramadol and to decrease the formation of M1 [17].

Tramadol exerts its analgesic effects via opioidergic and
monoaminergic mechanisms [18]. Racemic tramadol is a
weak and (+)-M1 a potent p-opioid receptor agonist, with
K values of 2.4 uM and 0.0034 uM, respectively [19]. (+)-
Tramadol inhibits the neuronal reuptake of serotonin (5-HT)
and (—)-tramadol inhibits norepinephrine reuptake [20, 21].
Inhibition of 5-HT uptake into blood platelets may impair
haemostasis [22]. In the central nervous system, increased
synaptic concentrations of 5-HT may cause neuromuscular
and autonomic hyperreactivity and mental symptoms [23].
Although previous literature suggests that pharmacological
effects of the enantiomers differ, pharmacodynamic profil-
ing of tramadol is very complex, and the relative contribu-
tion of tramadol and its metabolites remains to be explored.

Ticlopidine is an antiaggregation agent clinically used for
the prevention of thrombotic events. It is a potent inhibitor
of CYP2B6 [24-26] and it also inhibits CYPI1A2,
CYP2C19 and CYP2D6 enzymes [27-30]. Itraconazole is
a triazole antifungal drug. It is a potent inhibitor of CYP3A4
and P-glycoprotein in vivo in humans [31, 32] and it inhibits
CYP2B6 at least in vitro [33]. While CYP2D6 is primarily
responsible for M1 formation and M2 formation is mainly
catalyzed by CYP2B6 and CYP3A4 [13, 14], we investi-
gated the possible drug interactions of tramadol with ticlo-
pidine alone and together with the CYP3A4 inhibitor
itraconazole. As the parent tramadol and its M1 metabolite
are pharmacologically active, their plasma and urine phar-
macokinetics were of our primary interest, completed by
limited pharmacodynamic measurements.

Materials and methods

The study was conducted according to the revised Declaration
of Helsinki, and approved by the ethics committee of the
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Hospital District of Southwest Finland and by the Finnish
National Agency for Medicines (EudraCT 2010-020617-82).
It was registered in the ClinicalTrials.gov clinical trials data-
base under code number NCT01214941.

Subjects

Twelve healthy, non-smoking volunteers (six men and six
women, age range 19-25 years, body mass index (BMI)
range 19-27 kg/m?) enrolled in the study after giving writ-
ten informed consent. Only subjects with low risk for de-
veloping opioid abuse as assessed by a Finnish translation of
the Abuse Questions [34] were accepted. None of the sub-
jects were under regular medication including herbal reme-
dies or oral contraceptives. The subjects were ascertained to
be in good health by clinical examination, medical history
and routine laboratory tests including an ECG before enter-
ing the study. Urine drug screens and pregnancy tests were
negative. Female subjects used reliable non-hormonal con-
traception during the study. Consumption of grapefruit juice
was not allowed on days 1-5, and coffee, tea, alcohol and
cola drinks were not allowed on day 4.

Study outline

The study was conducted in a randomized, balanced, placebo-
controlled, single-blinded, cross-over manner with three
phases separated by wash-out periods of at least 6 weeks.
The subjects took either oral placebo, oral ticlopidine or a
combination of oral ticlopidine and itraconazole for 5 days.
On day 4, the subjects ingested a single 50 mg tablet of
tramadol. Venous blood samples (10 mL) to determine the
concentrations of tramadol and M1 were drawn into tubes
containing ethylenediaminetetraacetatic acid (EDTA) imme-
diately before and 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 24 and
48 h after ingestion of tramadol. Plasma was separated within
30 min and stored at —70 °C until analysis. Plasma concen-
trations of ticlopidine, itraconazole and OH-itraconazole were
determined from the plasma samples taken just before trama-
dol administration. Similar samples for the determination of
5-HT and its main metabolite 5-hydroxyindoleacetic acid
(5-HIAA) in whole blood were drawn before and 4 and 8 h
after tramadol. Urine was collected for 24 h after tramadol
ingestion. Subjective and analgesic drug effects were assessed
before and 1, 2, 3, 4, 5, 6, 8, 10 and 12 h after tramadol, and
adverse effects were evaluated before and 3 and 6 h after
tramadol administration.

Study drug administration
Dosing of placebo (phase 1) and ticlopidine (Ticlid® 250 mg

tablet, Roche, Nutley, NJ) (phases 2 and 3) was done at
7:00 am. and 7:00 p.m. Itraconazole (Sporanox®; Jansen-
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Cilag, Latina, Italy) 200 mg was administered in the morning
(7:00 a.m., phase 3). The drugs were self-administered except
on day 4 when they were administered by the investigators at
the study facility with 150 mL of water. No specific dietary
instructions were given for dosing of pretreatments at home.
Compliance was assessed by determination of plasma ticlopi-
dine and itraconazole concentrations. On day 4, 1 h after the
last dose of premedication, a single oral dose of 50 mg of
tramadol (Tramal®, Orion Pharma, Espoo, Finland) was
ingested with 150 mL of water at 8:00 a.m. During all phases,
subjects fasted overnight before the administration of trama-
dol and continued fasting until standardized meals were
served 4 and 8 h after tramadol ingestion.

Determination of plasma and urine drug concentrations
Determination of tramadol and M1 concentrations

The concentrations of tramadol and M1 in plasma and
urine were measured by use of an API 3,000 liquid
chromatography-tandem mass spectrometry system (AB
Sciex, Toronto, ON, Canada) as previously described [35]
with minor modifications. Prior to analysis, precipitation of
plasma proteins was performed with acetonitrile, excluding
the 48-h samples with very low drug concentrations, where
MCX solid phase extraction was employed (Waters, Milford,
MA, USA). Chromatography was performed on an Atlantis
T3 analytical column (2.1x100 mm; Waters) using 10 mM
formic acid with 0.1 % (v/v) trifluoroacetic acid (channel A)
and methanol (channel B) as the mobile phase. Tramadol-dg
and M1-dg served as internal standards. The mass spectrom-
eter was operated in positive multi-reaction monitoring
(MRM+) detection mode with electrospray ionization (ESI).
The selected ion transitions used for quantitation were as
follows: m/z 264—58 for tramadol and m/z 250— 58 for
M1, and m/z 270— 64 and m/z 256— 64 for the internal
standards. The limit of quantitation for plasma tramadol and
M1 was 0.05 ng/mL, and the interday coefficients of variation
(CV) were below 6 % at relevant concentrations for both
analytes.

Determination of plasma ticlopidine concentrations

Plasma ticlopidine concentrations were determined using a
Waters Quattro Micro triple quadrupole mass spectrometer
equipped with a Z-spray electrospray source (Waters,
Milford, MA, USA) as described previously [36].

Determination of plasma itraconazole and OH-itraconazole
concentrations

Plasma itraconazole and OH-itraconazole concentrations
were determined with ketoconazole as the internal standard

and high-performance liquid chromatography (HPLC) with
UV detection, as described earlier [37].

Whole blood 5-HT and 5-HIAA concentrations

Concentrations of 5-HT and 5-HIAA were analyzed with
HPLC and coulometric electrochemical detection using a
procedure modified from previously published methods
[38, 39]. In brief, the instrumentation included an ESA
Coulochem Model 5100 A detector equipped with a
Model 5011 analytical cell (operated at+0.40 V for oxida-
tion; ESA Inc., Bedford, MA, USA) and a Beckman
Ultrasphere ODS 250%4.6 mm analytical column. The mo-
bile phase consisted of a sodium phosphate/citric acid buffer
with 14 % (v/v) methanol as organic modifier and 0.015 %
(w/v) heptanesulphonic acid (Fluka, Buchs, Switzerland) as
ion pairing reagent. Homovanillyl alcohol (Sigma-Aldrich,
St. Louis, MO, USA) was used as an internal standard.
Blood samples (300 puL) were diluted with water (900 pL)
and proteins were precipitated by 10 % zinc sulphate solu-
tion (200 uL), with vigorous mixing and centrifugation. The
clear supernatant (700 uL) was transferred to a clean tube
and mixed with 10 puL of a 20 % solution of NaOH. After
vigorous mixing and centrifugation, the supernatant was
transferred to autosampler vials, from which 20 uL were
injected into the HPLC. Limits of reliable detection were 30
nM for 5-HT and 3 nM for 5-HIAA. The intra-assay CVs of
both analytes were < 5 % in the relevant concentrations and
the inter-assay CVs were about 5 % for 5-HT and < 15 % for
5-HIAA. All samples from one experimental session were
analyzed in one batch.

Pharmacokinetic calculations

Peak plasma concentrations (C,,,,) and times to peak con-
centration (t,,,) of tramadol and M1 were observed directly
from the data. Individual terminal log-linear phases of the
plasma concentration-time curves were identified visually.
The elimination rate constant (A,) was determined by re-
gression analysis of the log-linear part of the curve.
Elimination half-life (t,,) was calculated from the equation
In2/A,. Areas under the drug plasma concentration-time
curves (AUC,.,,) were calculated using the linear trapezoi-
dal rule for successive increasing concentration values and
logarithmic trapezoidal rule when values were decreasing.
The apparent oral clearance (CL/F) and the apparent volume
of distribution (V,/F) of tramadol were calculated using
standard noncompartmental methods. The metabolite M1
to parent tramadol AUC ratios (AUC,/AUC,) were also
calculated. The AUCy.3 was calculated for M1 to assess
the initial formation of M 1. The renal clearance of tramadol
(Cl,) was calculated from the formula Cl, = amount excreted
within 24 h in urine/AUCy_,4. The pharmacokinetic data
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Fig. 1 Mean plasma (SD) concentrations of tramadol and O-desme-
thyltramadol (M1) and the M1 to tramadol ratio in 12 healthy volun-
teers after 50 mg oral tramadol on the fourth day of pretreatment with

were analyzed using the WinNonlin pharmacokinetics pro-
gram (version 4.1; Pharsight, Mountain View, CA, USA).

Pharmacodynamic measurements

Subjects answered questionnaires on specific adverse symp-
toms. These symptoms were dizziness, dryness of mouth,
weakness, fever, headache, impaired coordination, increased
sweating, nausea, restlessness, tremor, muscle stiffness,
tiredness and sleep disturbance. Subjects scored their possi-
ble symptoms as mild (1), moderate (3) or severe (5).

Subjective effects of tramadol were evaluated using 100-
mm visual analogue scales for the following items: drowsy/
alert, poor/good performance, no/strong drug effect, re-
laxed/anxious, unpleasant/pleasant feeling, no/very strong
nausea, calm/restless. Pupil size was measured with
Cogan’s pupillometer [40], central coordination of extraoc-
ular muscles was evaluated with the Maddox wing test [41],
and central processing of sensory information was estimated
by using the digit symbol substitution test [42].

The analgesic effect of tramadol was evaluated using the
cold pressor test. The subject was asked to immerse the hand
contralateral to the cannulated arm into ice-cold water (02 °C)
and to report when the cold sensation became painful. The first
report of pain was defined as the cold pain threshold (s). Cold
pain intensity was assessed at 30 and 60 s. A verbal numerical
scale 0—-100 (0 = no pain; 100=intolerable pain) was used. If
the pain became intolerable, the subject was instructed to
withdraw his/her hand from the water.

The area under the effect-time curve (AUEC,_1,) was
determined for 12 h for each pharmacodynamic variable
except the adverse symptoms.

Statistical analysis
On the basis of previous studies, we calculated that 10

subjects would be needed to detect a 30 % difference in
the AUC,.,, of tramadol at a power of 80 % and two-sided
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placebo, ticlopidine (250 mg twice daily) or a combination of ticlopi-
dine and itraconazole (200 mg once daily) for 5 days

significance of p<0.05 [43]. Twelve subjects were enrolled
to allow for a 20 % drop-out rate.

The data were evaluated for normality of distribution
using probit plots and the Shapiro—Wilk’s W-test. Prior to
statistical analysis, the data were log-transformed to correct
for non-normality but reported as nontransformed results.
Geometric mean ratios with 90 % confidence intervals were
calculated for the pharmacokinetic variables. Differences in
pharmacokinetic parameters and AUEC,_;, values between
the study phases were compared using analysis of variance
for repeated measurements. A posteriori testing was per-
formed with Tukey’s test. P-values<0.05 were regarded as
statistically significant. Results are expressed as mean = SD
and geometric mean ratios with 90 % confidence intervals
except for Ty, Which is expressed as median (range). Data
were analyzed using SYSTAT for Windows (version 10.2;
Systat Software, Richmond, CA, USA) and GraphPad Prism
5 for Windows (GraphPad Software, San Diego, CA, USA)
statistical programs.

Results
Pharmacokinetics

The mean plasma concentrations of tramadol and M1, and
the ratio of M1 to tramadol in plasma during the placebo,
ticlopidine, and itraconazole and ticlopidine phases are
shown in Fig. 1. The effects of ticlopidine, and ticlopidine
and itraconazole on the pharmacokinetics of tramadol and
M1 are summarized in Table 1.

Effect of ticlopidine Ticlopidine increased the mean AUC,._,
of tramadol by 2.0-fold (90 % confidence interval (CI) 1.6—
2.4; p<0.001) and its C,x by 1.4-fold (1.2-1.6; p<0.001).
Ticlopidine reduced the AUCy; of M1 (p<0.001) and the
ratio of the AUC,_, of M1 to that of tramadol (by 49 %;
p<0.001) but did not influence the total AUC,,_,, of M1 when
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Table 2 Excretion of tramadol
and O-desmethyltramadol (M1)

in urine during the first 24 h after
ingestion of 50 mg tramadol
after pretreatment with placebo,
ticlopidine alone (250 mg twice
daily) and ticlopidine together
with itraconazole (200 mg once
daily)

Parameter Placebo Ticlopidine Ticlopidine + Itraconazole
Tramadol 0—12 h (mg) 6.71+3.10 7.01+3.79 6.43+1.90
Tramadol 12-24 h (mg) 4.22+3.54 5.30+3.95 3.91+£2.97
Tramadol 0-24 h (mg) 10.93+5.01 12.31+£5.62 10.34+3.71
M1 0-12 h (mg) 3.03+1.38 2.62+1.24 3.16£1.19
MI 12-24 h (mg) 1.41+0.50 2.03+1.64 1.69+0.81
M1 0-24 h (mg) 4.43+1.53 4.64+1.38 4.85+1.06

compared to placebo (p=0.94). Ticlopidine increased the
mean t, of tramadol from 5.4 h to 8.0 h (»p<0.001) and
decreased its apparent oral clearance by 49 % (p<0.001).
The mean trough concentration (Cyougn) Of ticlopidine before
the first dose on day 4 was 133 ng/mL (range 66290 ng/mL).

Effect of ticlopidine and itraconazole Ticlopidine and itra-
conazole increased the mean AUC,_, of tramadol by
2.1-fold (90 % CI 1.8-2.4; p<0.001) but did not influence
the AUCy.,, of M1 when compared to placebo (p=0.35).
Ticlopidine and itraconazole decreased the AUC,._,, of M1
to AUCy.., of tramadol ratio by 47 % when compared to
placebo (»p<0.001). Ticlopidine and itraconazole increased
ty, of tramadol from 5.4 h to 7.6 h (p<0.001) and decreased
its oral clearance by 52 % (p<0.001). The mean Ciyygpn Of
ticlopidine, itraconazole and OH-intraconazole before the
first dose on day 4 were 119 ng/mL (range 65-200 ng/
mL), 38.4 ng/mL (range 8.7-70 ng/mL) and 57.4 ng/mL
(range 0.9—161 ng/mL), respectively.

Effects on renal excretion of tramadol About 22 % of the oral
tramadol dose was excreted unchanged in urine within 24 h
during the placebo phase. Renal clearance of the parent drug
was reduced significantly by the concomitant use of ticlopidine
alone (42 %, p<0.01) or together with itraconazole (51 %,
p<0.001) when compared to the placebo phase (Table 1).
Ticlopidine alone or together with itraconazole did not affect
the renal clearance of M1 or the cumulative amount of tramadol
or M1 excreted in urine when compared to placebo (Table 2).

Pharmacodynamics

Although tramadol was in general well tolerated, almost
every subject experienced some mild or moderate adverse
effects. Eleven subjects reported symptoms after tramadol
ingestion during the placebo phase, nine subjects during the
ticlopidine phase, and 10 subjects during the ticlopidine and
itraconazole phase. The most frequent adverse effect was
drowsiness, followed by dry mouth, nausea and headache.
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g w : g »
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Fig. 2 Means (SD) of self-reported “drug effect,” self-reported “im-
paired performance,” pupil diameter, cold pain threshold, cold pain
intensity at 60 s and number of digits substituted in 3 min (DSST) in 12
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healthy volunteers after 50 mg oral tramadol following pretreatment
with placebo, ticlopidine (250 mg twice daily) or a combination of
ticlopidine and itraconazole (200 mg once daily) for 5 days
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The most pronounced analgesic effect in the cold pressor
test was observed 3 h after the ingestion of tramadol (Fig. 2).
The AUEC.;, of cold pain intensity and threshold were
unaffected by ticlopidine alone or together with itracona-
zole. The AUEC,.;, for drowsiness was increased during
the ticlopidine and ticlopidine plus itraconazole phases
(»<0.05 and p<0.001, respectively) when compared to pla-
cebo. During the ticlopidine plus itraconazole phase, the
AUEC,_;, was increased for “impaired performance”
(»<0.05) and was decreased for “drug effect” (p<0.05).
There were no differences in the other pharmacodynamic
variables between the phases (Fig. 2).

Whole blood 5-HT and 5-HIAA

Whole blood concentrations of 5-HT and 5-HIAA after
tramadol ingestion were relatively stable and not influenced
by ticlopidine, or by ticlopidine plus itraconazole (Fig. 3).

Discussion

Drug—drug interactions of tramadol can be clinically impor-
tant as they may expose the patient to harmful effects or
decreased analgesia. The results of this study show that a
pharmacokinetic interaction of tramadol with ticlopidine
markedly increased the AUC,_,, of tramadol, prolonged its
t, and decreased its oral and renal clearances. Although the
total AUC_,, of the active metabolite M1 did not change,
the formation rate of M1 was reduced by ticlopidine.
Concomitant use of itraconazole and ticlopidine did not
influence the pharmacokinetics of tramadol when compared
to ticlopidine alone.

Ticlopidine is a potent inhibitor of CYP2B6 and it also
inhibits CYP2C19, CYP1A2 and CYP2D6 [24-30, 44]. In
the present study, the initial AUC(_; of M1 and the ratio of
plasma M1 to tramadol concentrations were reduced, indi-
cating a diminished formation clearance of M1 from trama-
dol. However, the total AUC_, of this active M1 metabolite
did not change during ticlopidine pretreatment because the
AUC,_,, of tramadol was increased two-fold by ticlopidine.

Although CYP2D6 is the enzyme mainly responsible for M1
formation, CYP2B6 may also contribute to it, at least in vitro
[14]. Considering the relative hepatic abundancies of
CYP2D6 and CYP2B6 and the 50-fold higher efficiency of
CYP2D6 to catalyze M1 formation in comparison to
CYP2B6 [14], the reduced formation rate of M1 by ticlopi-
dine seen in the present clinical experiment may be explained
by inhibition of the CYP2B6, CYP2D6 or both enzymes
during ticlopidine use [13, 14].

Itraconazole is a potent inhibitor of CYP3A4 and P-
glycoprotein [31, 32]. Itraconazole has significant drug—
drug interactions with many substrates of CYP3A4 such as
triazolam, midazolam, quinidine and oxycodone [31, 32,
45-47]. In vivo studies have suggested that itraconazole
can increase plasma concentrations of P-glycoprotein sub-
strates such as digoxin, fexofenadine and paroxetine
[48-50]. Although tramadol is a substrate of CYP3A4,
combining the potent CYP3A4 inhibitor itraconazole to-
gether with ticlopidine did not influence the pharmacokinet-
ics of tramadol in the present study when compared to
ticlopidine alone, suggesting that CYP3A4 is of limited
importance in the metabolism of tramadol in humans.
Comprehensive assessment of metabolic alterations of tra-
madol by itraconazole was, however, not possible as we did
not quantify M2 concentrations in the present study.

CYP2D6 plays a major role in the O-demethylation of
tramadol to the active metabolite M1. The potent CYP2D6
inhibitor paroxetine has increased the AUC of (+)-tramadol
by 37 % and that of (—)-tramadol by 32 %, and decreased the
AUC of (+) and (—)-M1 by 67 % and 40 %, respectively
[17]. Similarly, the potent CYP2D6 inhibitor quinidine
inhibited in a human liver microsome assay only partially
(about 80 %) the metabolism of tramadol to M1 [14]. It is of
note that paroxetine did not totally prevent the formation of
M1, suggesting a role for CYP2B6 and possibly other
enzymes in M1 formation in humans [17].

Previous studies have shown that 12-32 % of a single oral
dose of tramadol is excreted unchanged in urine within 24—
72 h[13, 16]. In the present study, more than 20 % of the oral
tramadol dose was excreted into urine in unchanged form
within 24 h. Interestingly, ticlopidine reduced markedly

Fig. 3 Mean (SD) concentra- 1200, 30

tions of 5-HT and 5-HIAA in — 5

whole blood of 12 healthy = S 25

o 1000

volunteers after 50 mg oral £ g

tramadol after pretreatment £ =5 20

with placebo, ticlopidine ';E 8004 g

(250 mg twice daily) or a w0 E 15

combmatlon of ticlopidine 600. 10

and itraconazole(200 mg ‘ ‘ ‘ ‘ ‘ ‘
once daily) for 5 days 0 4 8 0 4 8

Time (hr)

Time (hr)

O Tramadol + placebo

® Tramadol + ticlodipine

A Tramadol + ticlodipine + itraconazole |

@ Springer



874

Eur J Clin Pharmacol (2013) 69:867-875

(42 %) the renal clearance of the parent drug but not that of
M1, contributing to the elevated plasma tramadol concentra-
tions. An inhibition of one or several of the renal transporters
that contribute to the renal excretion of tramadol would be
compatible with this explanation. Another explanation for the
elevated concentrations might be a decrease in the apparent
volume of distribution during the ticlopidine phase. Although
tramadol and M1 are not substrates for P-glycoprotein, other
efflux pumps have been suggested to be involved in the renal
excretion of tramadol or M1 [51] and further studies are
needed to clarify the exact mechanisms.

The cold pressor test has been shown to be sensitive to
tramadol analgesia [12, 17]. In the present study, the decrease
in cold pressor pain intensity peaked at 3 h after tramadol
intake. However, the analgesic effect of tramadol was unaf-
fected by ticlopidine alone or together with itraconazole. It is
possible that the cold pressor test was too insensitive to
capture a 50 % exposure reduction of M1, which is mainly
responsible for the opioid analgesia of tramadol. Influences of
pretreatments on other pharmacodynamic effects of tramadol
in the present study were minor and possibly affected by the
single-blinded study design.

In our earlier studies we have faced previously unrecog-
nized, drastic increases in the AUC of several victim drugs,
which have a limited therapeutic index, such as midazolam,
triazolam, quinidine and oxycodone, when itraconazole or
other potent inhibitors of their metabolism have been ad-
ministered concomitantly [31, 32, 45-47]. For safety rea-
sons, we used only a small, 50-mg dose of tramadol in our
present tramadol interaction study because the magnitude of
possible interaction was not known beforehand and the
safety of the healthy subjects could not be compromised
even in the case of drastic interaction.

(+)-Tramadol is a potent inhibitor of the 5-HT transporter
[20]. Patients who use tramadol may be exposed to exces-
sive serotonergic effects especially if tramadol is taken
concomitantly with antidepressants [23]. In the present
study, we did not observe any symptoms or signs of in-
creased serotonergic effects. After tramadol, whole blood
concentrations of 5-HT and 5-HIAA were not altered and the
frequency of adverse (possibly serotonergic) effects (such as
tremor and nausea) was not influenced by ticlopidine alone
or together with itraconazole. However, conclusions about
the clinical safety of the concomitant use of tramadol with
ticlopidine cannot be drawn on the basis of this study, as we
only employed small single doses of tramadol and the study
was conducted in young healthy individuals.

In conclusion, ticlopidine and concomitant use of ticlopi-
dine and itraconazole doubled the exposure to tramadol and
reduced the ratio of M1 to tramadol, suggesting inhibition of
M1 formation, possibly via CYP2B6 and/or CYP2D6 inhibi-
tion. Ticlopidine markedly reduced the renal clearance of
tramadol but not of M1. The pharmacokinetic changes were

@ Springer

not accompanied by marked subjective drug effects, and the
analgesic effect of tramadol was not influenced. Still, the
concomitant clinical use of tramadol and ticlopidine might
involve an increased risk of serotonergic adverse effects when
higher tramadol doses are used.
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