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Abstract. Background: Fluvoxamine is an inhibitor of the main metabolizing enzymes of lansoprazole and it could influence its pharmacoki-
netics. The changes in lansoprazole pharmacokinetics could have clinical significance concerning safety of the therapy. Objective: The main
objective of this study was to evaluate the pharmacokinetic interaction of fluvoxamine with lansoprazole in healthy volunteers. Methods: A
dose of 30 mg lansoprazole, alone or in combination with 100 mg fluvoxamine was administered to 11 healthy male volunteers in a two treat-
ments study design, separated by 6 days period in which the fluvoxamine alone was administrated as a single p.o. daily dose. Plasma concen-
trations of lansoprazole were determined during a 12 hour period following drug administration using a validated LC/MS analytical method.
Pharmacokinetic parameters of lansoprazole were calculated using non-compartmental analysis. Results: In the two periods of treatments, the
mean peak plasma concentrations (C ) were 699.9 ng/ml (lansoprazole alone) and 1190 ng/ml (lansoprazole after pre-treatment with fluvox-
amine). The observed areas under the curve (AUC ) were 1955 ng.hr/ml and 6467 ng.hr/ml whereas the total areas under the curve (AUC,
,,) were 2048 ng hr/ml and 7813 ng.hr/ml, respectively. The T (time to reach C__ ) were 2.35 hr and 3.55 hr. The elimination rate constants
(Kel) were 0.54 hr' and 0.25 hr' for lansoprazole administered alone or after pre-treatment with fluvoxamine. The half-life values (t,) were
1.43 hr and 3.51 hr, whereas the mean residence time 3.8 hr and 7.5 hr, respectively. Statistically significant differences were observed for C__
(p=0.0001), AUC_, (p<0.0001), AUC, (p<0.0001), Kel (p=0.0067), t, (p=0.002) and mean residence time (p=0.0002) of lansoprazole when
administered alone and lansoprazole and fluvoxamine, after 6 days treatment with fluvoxamine. Conclusion: The experimental data demon-
strate the pharmacokinetic interaction between fluvoxamine and lansoprazole and suggest that the observed interaction may be significant, but
its relevance has to be confirmed.
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Introduction document/Prevacid PM_-_25SEP08.pdf). Pharmacokinetics of
repeated doses is similar to that of a single dose (Shi & Klotz
2008). Lansoprazole is 97% bound to plasma proteins. Plasma
protein binding is constant over the concentration range of 0.05
to 5.0 pg/ml (http://www.abbott.ca/static/content/document/
Prevacid PM - 25SEP08.pdf).

The main enzyme involved in the metabolism of PPIs is CYP2C19.
CYP3A4 is also involved in the PPI metabolism, but in a lesser
extent (Ozdil et al 2010). Lansoprazole is extensively and rap-
idly (t,,: 1-2 h) metabolized into sulfone and 5-hydroxylated
metabolites by CYP3A4 and CYP2C19 (Shi & Klotz 2008,
Yacyshyn & Thomson 2002). Following single dose oral ad-
ministration of lansoprazole, virtually no unchanged lansopra-
zole was excreted in the urine. After a 30 mg single oral dose
of lansoprazole, approximately one-third of the dose was ex-
creted in the urine and approximately two-thirds were recov-
ered in the feces. This implies a significant biliary excretion of
the metabolites of lansoprazole (http://www.abbott.ca/static/
content/document/Prevacid PM_- 25SEP08.pdf).

Lansoprazole, a substitute of benzimidazole, is a proton-pump
inhibitor (PPI) that suppresses gastric acid secretion by inhib-
iting H+/K+ ATPase by binding covalently (Gremse 2001,
Yanagida et al 2009). The gastric H, K-adenosine triphosphatase
(ATPase) is the primary target for treatment of acid related dis-
eases. (Sachs et al 2010). Lansoprazole is used in Acid-Peptic
Disease (Vanderhof & Tahboub 2002): on short-term treatment
of the erosive reflux oesophagitis, active gastric ulcer, active
duodenal ulcer and the treatment of non-steroidal anti-inflam-
matory drug-induced gastric and duodenal ulcers, and on long-
term treatment of healing the reflux oesophagitis, duodenal ulcer
and Zollinger-Ellison syndrome. It is also used for the eradi-
cation of Helicobacter pylori as a component of therapy with
lansoprazole and antibiotics (Gremse 2001).

Lansoprazole is rapidly absorbed with mean peak plasma lev-
els occurring at approximately 1.7 hours and displays a linear
increase in plasma concentrations over a dose range of 15-60
mg (Shi & Klotz 2008, http://www.abbott.ca/static/content/
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Pharmacokinetic drug-drug interactions are common for medi-
cation whose clearance involves CYP-mediated oxidative me-
tabolism in the liver. Given the hepatic metabolism of the pro-
ton-pump inhibitors (PPIs) and their effect on hepatic enzymes,
one might anticipate a potential for clinically important drug
interactions. The potential for omeprazole to interact with oth-
er medications has been extensively studied. Lansoprazole has
fewer documented drug interactions than omeprazole (Robinson
& Horn 2003).

Fluvoxamine is an antidepressant for oral administration that
is effective through selective inhibition of serotonin reuptake,
widely used for treatment of depression and other psychiatric
disorders (Katoh et al 2010). After oral administration, fluvox-
amine is almost completely absorbed from the gastrointestinal
tract, and the extent of absorption is unaffected by the pres-
ence of food (Ordacgi et al 2009); oral bioavailability in hu-
mans is approximately 50% (Van Harten 1995); 80% is bound
to plasma proteins (Klinger & Merlob 2008). Fluvoxamine is
extensively metabolized in the liver (Orlando et al 2010) by
oxidative demethylation and oxidative deamination (Hiemke
& Hartter 2000). The half-life of fluvoxamine is approximately
1 day (Westenberg & Sandner 2006). Fluvoxamine is a potent
CYP1A2 and CYP2C19 inhibitor, and a moderate CYP2C9,
CYP2D6, and CYP3 A4 inhibitor (Hemeryck & Belpaire 2002).
Being inhibitor of the main metabolizing enzymes of lansopra-
zole, fluvoxamine may influence its pharmacokinetics and it is
important to determine whether a pharmacokinetic interaction
occurs between these drugs, this being the aim of our study.
Although it could have clinical significance concerning effica-
cy and safety of the therapy, to the date this pharmacokinetic
interaction was not reported.

Patients and methods

Subjects

Eleven, non-smoking males, aged 22-29 years old took part in
the study. The study was conducted according to the principles
of Declaration of Helsinki (1964) and its amendments (Tokyo
1975, Venice 1983, Hong Kong 1989). The clinical protocol
was reviewed and approved by the Ethics Committee of the
University of Medicine and Pharmacy “luliu Hatieganu”, Cluj-
Napoca, Romania. As provided in the study protocol, a written
informed consent in compliance with the current revision of
the Declaration of Helsinki has been obtained from each sub-
ject prior to enrolment, during which they are informed of their
rights and obligations, potential side effects and other study de-
tails. The volunteers were healthy according to history, physi-
cal examination and laboratory tests, had no history of alcohol
or drug abuse and did not take any regular medication. For the
conclusion of the study, each subject underwent a final medical
examination. Each subject was financially compensated for the
participation to the study.

Study design

The study consisted of 2 periods: Period 1 (Reference), when
each volunteer received a single dose of 30 mg lansoprazole
and Period 2 (Test), when each volunteer received a single dose
of 30 mg lansoprazole and 100 mg fluvoxamine. Between the
two periods, the subjects were treated for 6 days with a single
daily dose of 100 mg fluvoxamine. In other studies, steady-state
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plasma concentrations were achieved within a week, after 100
mg fluvoxamine/day (Ordacgi et al 2009). All the drugs were
administered in the morning, following an overnight fast.

The pharmaceutical products used were LevantTM (enteric-coat-
ed capsules containing 30 mg lansoprazole, producer Ranbaxy
Ltd - UK) and Fevarin (capsules containing 100 mg fluvoxam-
ine, producer Solvay Pharmaceuticals, Netherlands).

During each study period venous blood (5 ml) was drawn into
heparinized tubes before drug administration as well as at 0.33,
0.66,1,1.5,2,2.5,3,4,5,6,7,8, 10 and 12 hours after drug
administration and the separated plasma was stored frozen (-20°
C) until analysis.

Analysis of plasma samples

Lansoprazole plasma concentrations were determined by a vali-
dated high throughput liquid chromatography-mass spectrometry
method. The HPLC system was an Agilent 1100 series (binary
pump, autosampler, thermostat) (Agilent Technologies, USA)
and was coupled with an Brucker Ion Trap SL (Brucker Daltonics
GmbH, Germany). A Zorbax SB-C18 chromatographic column
(100 mmx 3.0 mm i.d., 3.5 um) (Agilent Technologies) was used.
The mobile phase consisted of 40:60 (V/V) 2 mM ammonium
acetate in water : methanol. The flow rate was 1 ml/min and
the thermostat temperature set at 45°C. The mass spectrometry
detection was in multiple reactions monitoring mode (MRM),
positive ions, using an electrospray ionization source. The ion
transitions monitored were m/z 370—m/z 252.

1 ml methanol was added to 0.2 ml plasma in an Eppendorf tube.
The tube was vortex-mixed for 10 seconds, and then centrifuged
for 5 min at 10000 rpm. The supernatant was transferred to an
autosampler vial and 1 pl was injected into the LC/MS system.
The calibration curve of lansoprazole was linear at a concen-
tration range of 20-2000 ng/ml plasma, with a correlation co-
efficient r= 0.994. At quantification limit, accuracy and preci-
sion were —9.4% and 6.9% (intra-day) and 11.8% and 12.7%
(inter-day), respectively.

Pharmacokinetic analysis

Noncompartmental pharmacokinetic analysis was performed
to determine the pharmacokinetic parameters of lansoprazole
given alone or in combination with fluvoxamine. The maxi-
mum plasma concentration (C__ ng/ml) and the time to reach
the peak concentration (t__ , hr) were obtained directly by the
visual inspection of each subject’s plasma concentration-time
profile. The area under the concentration-time curve from time
zero to the last measurable concentration at time t (AUC ) was
calculated using the trapezoidal rule. The area was extrapolated
to infinity (AUC_ ) by addition of Ct/Kel to AUC_, where Ct
is the last quantifiable drug concentration and Kel is the elimi-
nation rate constant. Kel was estimated by the least-square re-
gression of plasma concentration-time data points lying in the
terminal log-linear region of the curves. The half-life (t,) was
calculated as 0.693/Kel. The mean residence time (MRT), was
calculated as AUMC,_/AUC,_, where the area under the first
moment curve (AUMC, ) was calculated from the plasma con-
centration—time curve as the product of time and the plasma drug
concentration vs. time from time zero to infinity. The pharma-
cokinetic analysis was performed using Kinetica 4.2. (Thermo
Labsystems, USA).
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Table 1. Pharmacokinetic parameters of lansoprazole administered alone or after treatment with fluvoxamine, 100 mg p.o. for 6 days

Pharmacokinetic parameter (£SD) Lansoprazole alone Lansoprazole + fluvoxamine p

C .. (ng/ml) 699.9+276.3 1190+293.3 0.0001
Tmax (hr) 2.35:0.88 3.55:1.48 NS

AUC , (ng.hr/ml) 1955+903 .4 6466+2107 <0.0001
AUC,  (ng.hr/ml) 2048+917.2 7813+2887 <0.0001
Kel (1/hr) 0.54+0.18 0.25+0.17 0.0067
t, (hr) 1.43+0.52 3.51+1.44 0.0021
MRT (hr) 3.83+1.09 7.46+1.44 0.0002

Statistical analysis

The analysis of variance (ANOVA) was used to compare the
calculated pharmacokinetic parameters of lansoprazole (log-
transformed) for the two periods, using general linear model
procedures, in which sources of variation were subject and
treatment. In order to evaluate a possible clinical significance
of the pharmacokinetic interaction, the bioequivalence assess-
ment methodology was applied (U. S. Department of Health
and Human Services et al 1999, 2002, The European Agency
for the Evaluation of Medicinal Products 2001). The 90% confi-
dence intervals of the test/reference period ratios forC__ ,AUC
and AUC  (each log transformed) were determined by the
Schuirmann’s two one-sided t test (Schuirmann 1987). The bio-
equivalence between lansoprazole in Test and Reference period
can be concluded when the 90% confidence intervals for these
pharmacokinetic parameters of two products are found within
an acceptable range of 0.8-1.25 (U.S. Department of Health and
Human Services et al 1999, 2002, The European Agency for
the Evaluation of Medicinal Products 2001). Regarding analy-
sisof t__, the limit for bioequivalence range was expressed as
untransformed data, the significance of the difference of t
(Test-Reference) being established by a nonparametric test
(Friedman test). All the statistical analysis was performed us-
ing Kinetica 4.2 software.

Results

The mean plasma concentrations of lansoprazole when admin-
istered alone or in combination with fluvoxamine, after 6 days
treatment with fluvoxamine, are shown in Fig.1.
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Fig.1 Mean+SD plasma levels of lansoprazole (30 mg p.o.)
given alone (dotted line) or in combination with fluvoxamine
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100 mg, p.o. after treatment with fluvoxamine for 6 days 100
mg p.o. (continuous line), n=18. In insert, log scale.

The mean pharmacokinetic parameters of lansoprazole admin-
istered alone or in combination with fluvoxamine, as well as
the statistical significance following their comparison are giv-
en in Table 1.

Peak plasma concentrations (C,_ ) of lansoprazole, before and
after the fluvoxamine multiple doses administration, were sig-
nificantly different between the two treatments, as was also
found to be the case when comparing AUC_,, AUC,_, Kel,
MRT,t andt,.

For the assessment of a possible clinical significance of the in-
teraction between lansoprazole and fluvoxamine, the pharma-
cokinetic parameters C_, t ., AUC  and AUC  were also
used to test the bioequivalence of lansoprazole administered in
the Test and Reference periods. The parametric 90% confidence
interval for the ratio Test/Reference of the mean pharmacoki-
netic parameters C__, AUC_ and AUC_ (log transformed) of
lansoprazole and the significance of the difference of t _ (Test-
Reference, mean values) are shown in Table 2.

0-t°

Table 2. Bioequivalence evaluation of pharmacokinetic param-
eters of lansoprazole administered alone or after treatment with
fluvoxamine 100 mg p.o. for 6 days.

Pharmacokinetic 90% CI Bloequlva.lence
parameter conclusion

AUC, 3.10-4.83 (ANOVA, S) Bio-inequivalent
AUC, | 2.81-4.25 (ANOVA, S) Bio-inequivalent
C 1.50-2.09 (ANOVA, S) Bio-inequivalent
—max

t . Friedman, S Bio-inequivalent
Discussion

The 90% confidence intervals for geometric mean of lansopra-
zole in Test/Reference individual ratios for C_ , AUC , and
AUC, _ were outside of the acceptable limits of bioequivalence
(0.8-1.25). The lack of bioequivalence between lansoprazole ad-
ministered alone or in combination with fluvoxamine raises the
possibility that the pharmacokinetic interaction between these
drugs may be of clinical significance.

Since lansoprazole metabolism in man is mediated through
CYP2C19 and CYP3A4 enzymes (Shi & Klotz 2008) and fluvox-
amine has an inhibitory effect upon them (Hemeryck & Belpaire
2002, Baumann & Rochat 1995), the observed pharmacokinetic
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interaction is probably due to a reduced metabolic clearance
of lansoprazole which could therefore affect both the presys-
temic and systemic elimination of the drug. Any reduction in
the presystemic metabolism is likely to result in a reduced first
pass effect, increased bioavailability and consequently C_ and
AUC . At the same time, a decrease in systemic metabolism
will also contribute to an increase of C__ , AUC,  and the half-
life of lansoprazole.

Many patients require long-term maintenance treatment with an-
tidepressant, thus fluvoxamine is frequently co-prescribed with
other medications. Such polypharmacy may lead to clinically
important interactions with co-administered drugs. Because a
single dose administration of lansoprazole does not fully simu-
late the clinical practice, further studies are required by using
multiple dosing design (steady state) for both lansoprazole and
fluvoxamine.

Although no side-effects due to the increased lansoprazole ex-
posure during the fluvoxamine administration were observed
under the conditions of this study, repeated administration of
both lansoprazole and fluvoxamine might cause some adverse
reaction to lansoprazole. The risk of minor adverse effects from
PPIs is low, approximately 1%-3%, with no significant differ-
ences noted between the PPIs. The risk of symptomatic adverse
effects with the PPIs is low as well (Thomson et al 2010, Martin
et al 2000). Studies have indicated a correlation between higher
doses of PPIs and increased incidence of adverse effects (Yang
et al 2006). Concerning lansoprazole, in a prospective follow-
up study of 5669 patients on lansoprazole, the most common
reported adverse effects were diarrhea (4.1%), headache (2.9%),
and nausea (2.6%) (Thomson et al 2010). In other studies, the
most common lansoprazole-related adverse events, were mild
or moderate in severity and included diarrhea, headache and
abdominal pain (Kovacs et al 2009, Mukherjee 2003).

The data suggest a higher rate of diarrhea associated with lan-
soprazole than other PPIs, and also an increasing risk of diar-
rhea with increasing age (Martin et al 2000). This suggests the
hypothesis that older age may be a risk factor for diarrhea in
patients prescribed lansoprazole, particularly at higher doses.
Long term use of PPIs has been associated with increased risk
of hip fractures, Clostridium difficile infections and pneumonia
(Fohl & Regal 2011, Vlase et al 2010).

Although nosocomial Clostridium difficile-associated diarrhea
has been primarily linked with the use of antimicrobial agents,
observational reports have suggested a link with the increased
gastric pH caused by PPIs therapy. It is believed that the inhi-
bition of gastric acidity limits the body’s defense against in-
gested spores and bacteria (Aseeri et al 2008). A meta-analysis
of 19 studies involving a total of 18468 patients receiving acid
suppression therapy confirmed an association between H2RA
or PPI therapy and Clostridium difficile infection (Dalton et al
2009). Others studies suggested that the administration of PPIs
doubled the incidence of Clostridium difficile infections (Fohl
& Regal 2011).

A meta-analysis conducted by Johnstone et al included six stud-
ies evaluating nearly 1 million patients. Despite the heteroge-
neity of the studies included in the meta-analysis, there was a
significant increase in the incidence of pneumonia in patients
taking PPIs. This increased incidence appeared to be limited
to the short term exposure, specifically the first 30 days. There
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was no difference in the risk of pneumonia in patients chroni-
cally exposed to PPIs. (Fohl & Regal 2011)

Polymyositis and other myopathies have been reported as a pos-
sible adverse drug reaction in patients treated with PPIs (Clark
& Strandell 2006). In this analysis, in one-third of the 292 cas-
es, the PPI was the single administered drug, and the PPI was
the single suspected drug in 57% of reports where concomitant
medication was used. These adverse events were noted with all
available PPIs, suggesting a likely class effect. The reports in-
dicate the adverse muscle reaction might be a result of an in-
teraction leading to increased plasma concentrations of the PPI.
Such interactions, involving clarithromycin a known inhibitor
of CYP enzymes, including CYP3A4 and CYP2C19 have been
reported in the literature (Furuta et al 2005). This interaction
has been noted also between lansoprazole and clarithromycin,
where clarithromycin significantly increases lansoprazole plasma
concentrations (Saito et al 2005), increasing the likelihood of an
adverse drug reaction, including myopathy. It could be possible
also with other inhibitors of CYP enzymes, like fluvoxamine.
Epidemiological studies have shown that patients taking proton-
pump inhibitors, particularly at high doses, have an increased risk
of hip fractures compared with non-users of acid suppression.
The mechanisms underlying such an association are not clear.
However, existing evidence seems to suggest that the proton-
pump inhibitors may have a theoretical influence on bone me-
tabolism (Wright et al 2008). The risk for osteoporotic fractures
is increased by long-term therapy. These findings recommend
for use of the lowest effective dose of proton-pump inhibitors,
especially in older patients and those with risk factors for hip
fracture (Yang et al 2006, Vlase et al 2010, Targownik et al 2008).
Although the lansoprazole potential for drug interactions of
clinical significance is low, it should be taken into account when
choosing a therapy for gastric acid-related disorders, especial-
ly for elderly patients in whom polypharmacy is common. The
risk of adverse reactions could be higher in elderly patients be-
cause of factors such as age-related physiological changes, dis-
eases, genetic constitution and diet that may alter drug response
(Spina & Scordo 2002).

Conclusions

The present study showed that the pretreatment of healthy vol-
unteers with a single daily dose of 50 mg, respectively 100 mg
fluvoxamine for 6 days prior to the administration of 30 mg lan-
soprazole significantly changes its pharmacokinetics. Because
the differences in drug exposure to lansoprazole (C,_ _and AUC
) were outside of bioequivalence interval, the observed phar-
macokinetic interaction may have clinical significance, but its
relevance has to be confirmed.
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