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ABSTRACT ~ Objective: Identification of potential pharmacokinetic drug-drug interactions
is an important step in clinical drug development. We assessed and compared the drug-drug
interaction potential of desvenlafaxine and venlafaxine, based on their inhibitory potency
on human cytochrome P450 (CYP) and P-glycoprotein (P-gp) activities in vitro.
Methods: Reversible inhibition of CYP1A2, CYP2A6, CYP2C8, CYP2C9, CYP2C19,
CYP2D6, and CYP3A4, and mechanism-based inhibition of CYP2C9, CYP2C19,
CYP2D6, and CYP3A activity by desvenlafaxine and venlafaxine were determined in
human liver microsomes. Whether these drugs were substrates for efflux or inhibitors of P-gp
were determined in Caco-2 monolayers. Results: Desvenlafaxine and venlafaxine showed
little or no reversible inhibition of various CYP enzymes (concentration that inhibits 50%
[IC50] or inhibition constant [Ki] ~ or >100 µM). In addition, neither drug acted as a
mechanism-based inhibitor of CYP2C9, CYP2C19, CYP2D6, or CYP3A as they did not
reduce the IC50 value for any of these enzymes in the presence of preincubations with or
without a nicotinamide adenine dinucleotide phosphate-regenerating system.
Desvenlafaxine and venlafaxine showed little inhibition of P-gp activity (IC50 values
>250 µM) and did not act as substrates (efflux ratios <2) for efflux in Caco-2 monolayers.
Conclusions: Considering in vitro and available clinical data, desvenlafaxine and ven-
lafaxine appear to have low potential for pharmacokinetic drug-drug interactions via
inhibiting the metabolic clearance of concomitant drugs that are substrates of various CYP
enzymes, in particular CYP2D6. In addition, these data suggest that desvenlafaxine and
venlafaxine exhibit little potential for pharmacokinetic interactions with concomitant drugs
that are substrates or inhibitors of P-gp. Psychopharmacology Bulletin. 2009;42(2):47–63.
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INTRODUCTION

Assessment of pharmacokinetic drug-drug interactions (DDIs) has
gained importance in clinical drug development due to the recent trend
toward multidrug therapy and increasing awareness that the pharmaco-
dynamics of coadministered drugs can be dramatically altered as a result
of changes in their pharmacokinetics during multidrug therapy.1 The
most common mechanism underlying pharmacokinetic DDIs is inhibi-
tion of cytochrome P450 (CYP) activities,2,3 since the first-pass metab-
olism and metabolic clearance of many drugs are mediated by this
enzyme system. Another mechanism that is now recognized as impor-
tant in DDIs is modulation of P-glycoprotein (P-gp) activity.4–6

A member of the adenosine triphosphate-binding cassette superfamily
of membrane transporter proteins, P-gp is expressed in many tissues
including the luminal surface of intestinal epithelia, the renal proximal
tubule, the bile canalicular membrane of hepatocytes and the blood-
brain barrier. P-gp can play an important role in limiting intestinal drug
absorption and brain penetration, and in facilitating renal or biliary
excretion of drug substrates.7–11

Selective serotonin reuptake inhibitors (SSRIs) (e.g., paroxetine and
sertraline), serotonin- norepinephrine reuptake inhibitors (SNRIs) (e.g.,
venlafaxine and duloxetine), and bupropion are widely used in the treat-
ment of major depressive disorders. Because many patients require long-
term maintenance treatment with these therapies, they are frequently
coprescribed with other medications,12,13 which can increase the risk for
DDIs.14 SSRIs, SNRIs and bupropion exhibit varying degrees of CYP
enzyme inhibition.13,15–20 Clinically relevant DDIs via CYP2D6 inhi-
bition have been reported for some SSRIs,8,13,21 including paroxetine22

and sertraline,23 and SNRIs,24 as well as for bupropion.8,13,15,24–27 In
addition to being inhibitors of CYP enzymes, some SSRIs and SNRIs
have also been shown to be P-gp inhibitors (e.g., sertraline and paroxe-
tine)28,29 or substrates (e.g., fluoxetine, fluvoxamine, paroxetine, and
venlafaxine).30,31 Although clinically relevant DDIs involving P-gp by
SSRIs and SNRIs have not been established, these findings suggest the
potential for drug interactions at the level of intestinal drug absorption,
brain penetration, and renal or hepatic elimination.

Desvenlafaxine (administered clinically as desvenlafaxine succinate) is
an SNRI that was recently approved for the treatment of major depres-
sive disorder.32 Phase 3 clinical trial data demonstrated efficacy of
desvenlafaxine compared with placebo at doses ranging from the Food
and Drug Administration-approved 50 mg/d dose to 400 mg/d; higher
doses within this range were less well tolerated and were not associated
with greater efficacy.32–36

The objective of this study was to assess and compare the DDI poten-
tial of desvenlafaxine and venlafaxine based on their inhibitory potency

PSYCHOPHARMACOLOGY BULLETIN: Vol. 42 · No. 2

MINIMAL CYP OR P-GP EFFECTS BY DESVENLAFAXINE

48
Oganesian, Shilling,
Young-Sciame, et al.

MWM_LEUNG.QXP  7/14/09  12:57 PM  Page 48



on human CYP and P-gp activities in vitro. The reversible inhibition of
CYP1A2, CYP2A6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and
CYP3A4 activities, and an initial assessment of mechanism-based
inhibition of CYP2C9, CYP2C19, CYP2D6, and CYP3A by desven-
lafaxine and venlafaxine were determined in human liver microsomes
using specific probe substrates. The role of these drugs as inhibitors or
substrates of P-gp was also assessed using Caco-2 cell monolayers.
These data represent the first report of the effect of the succinate salt of
desvenlafaxine on CYP enzyme and P-gp activities assessed in vitro.
The potential for clinical DDIs for desvenlafaxine and venlafaxine are
discussed based on present in vitro and available in vivo data.

MATERIALS AND METHODS

Desvenlafaxine succinate monohydrate and venlafaxine
hydrochloride were synthesized by Wyeth Research (Pearl River,
NY or Princeton, NJ). Resorufin, ethoxyresorufin, and dextror-
phan were purchased from Molecular Probes, Inc. (Eugene, OR).
S-Mephenytoin, 4’-hydroxymephenytoin, bufuralol hydrochloride,
1’-hydroxybufuralol, 1’-hydroxymidazolam, 6�-hydroxypaclitaxel,
4’-hydroxydiclofenac, 7-hydroxycoumarin and paclitaxel were pur-
chased from Gentest Corporation (Woburn, MA). [3H]-Digoxin
(37 Ci/mmol) was purchased from Perkin Elmer (Boston, MA).
All cell culture media supplies were purchased from Life
Technologies (Gaithersburg, MD). The BioCoat transwell plates
for growing the cell cultures and laminin for coating insert mem-
branes were received from Becton-Dickinson (Franklin Lakes,
NJ). The Caco-2 subclone (passage #23) was grown in house (from
passage #18). High performance liquid chromatography (HPLC)-
grade water, methanol, and acetonitrile were obtained from E.M.
Science (Gibbstown, NJ). All other chemicals were reagent grade
or better and were purchased from Sigma Chemical, Co. (St.
Louis, MO) or VWR (West Chester, PA). Liver microsomes con-
sisted of a pool of human liver microsomes from 50 donors (30
males, ages 6 to 77 and 20 females, ages 30 to 78, medical histo-
ries available) purchased from XenoTech Corporation (Lot
0310241 or 051022, Kansas City, KS).

Determination of IC50 or Ki Values for the Reversible Inhibition 
of CYP Enzymes

Concentration that inhibits 50% (IC50) values were determined for
CYP1A2, 2A6, 2C8, 2C9, 2C19, 2D6, and 3A, using a “cocktail” method
similar to that described previously,37 employing isoform-selective probe
substrates with substrate concentrations at their approximate Km values
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or below (Table 1). Desvenlafaxine and venlafaxine (0 to 100 �M) were
incubated in triplicate with a human liver microsomal protein concentra-
tion of 0.2 mg/mL. The inhibition constant (Ki) values for the inhibition
of CYP2D6, 2C19, and 3A activity were determined for desvenlafaxine
and venlafaxine as judged by their IC50 values. Desvenlafaxine and ven-
lafaxine drug concentrations were chosen to encompass their IC50 values.
Liver microsomal protein concentrations used ranged from 0.1 to 0.5
mg/mL, dependent upon the CYP enzyme evaluated and probe sub-
strates used to ensure initial rate conditions (Table 1). Control inhibitors,
including ketoconazole (1 �M for CYP3A), quinidine (10 �M for
CYP2D6), sulfaphenazole (10 �M for CYP2C9), quercetin (20 �M for
CYP2C8), � naphthoflavone (20 �M for CYP1A2) and tranyl-
cypromine (10 and 50 �M for CYP2A6 and CYP2C19, respectively)
were incubated separately. Control incubations contained no drug.

Incubations were performed in 96-well square plates containing potas-
sium phosphate buffer (100 mM, pH 7.4), human liver microsomes,
MgCl2 (10 mM) and a nicotinamide adenine dinucleotide phosphate
(NADPH)-regenerating system (3.5 mM glucose-6-phosphate, 0.4
units/mL glucose-6-phosphate dehydrogenase and 1.3 mM NADP�) at
a final volume of 0.5 mL. Sample preparation and incubations were per-
formed on the Tecan Genesis Freedom 200 MAP using Gemini soft-
ware v4.0 and conducted under conditions shown to be linear with
respect to time, protein and substrate concentration. Desvenlafaxine and
venlafaxine for IC50 determination were diluted using a Packard
Multiprobe IIEX. Incubations were preheated during preparation of
plates, initiated by addition of an NADPH-regenerating system, and
plates were shaken at 37°C for 10 to 15 minutes on a Thermomixer R
(Eppendorf ). Reactions were quenched by the addition of 0.5 mL ace-
tonitrile containing the respective internal standard. The plates were
then centrifuged for 10 minutes at 3400 rpm and supernatant transferred
to a 96 well plate for concentration under N2 prior to analysis by
HPLC/tandem mass spectrometry (LC/MS/MS) to determine probe
substrate metabolite concentrations using 8-point calibration curves.

Initial Assessment of Mechanism-Based Inhibition of CYP2C9, 2C19,
2D6, and 3A

Desvenlafaxine and venlafaxine (1, 10, and 100 �M) were preincu-
bated for 30 minutes at 37°C in potassium phosphate buffer (100 mM,
pH 7.4) and MgCl2 containing human liver microsomes (0.5 mg/mL)
and with or without a NADPH-regenerating system at a final volume of
0.5 mL. Aliquots (100 �L) of the preincubations were then transferred
to separate wells containing potassium phosphate buffer, MgCl2, a
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NADPH-regenerating system and a cocktail of isoform-selective probe
substrates for CYP2C9, CYP2C19, CYP2D6, and CYP3A4 at a final
volume of 0.5 mL. Incubations were performed and samples were ana-
lyzed similar to procedures described previously for the IC50 determina-
tion of reversible inhibitions. Separate incubations were performed
under identical conditions using known mechanism-based inactivators
of CYP2C9 (tienilic acid, 2.5 µM), CYP2C19 (ticlopidine, 25 µM),
CYP2D6 (paroxetine, 10 µM) and CYP3A4 (troleandomycin, 10 µM).

Culturing of Caco-2 Cells
Twelve well plates with trans well inserts were used for growing the

cells. The insert membranes (0.1 micron, 0.96 cm2) were precoated with
laminin (5 �g/cm2, for 1 hour at room temperature). Caco-2 cells (pas-
sage #23, subclone VII), normally stored in liquid nitrogen, were quick
thawed in a water bath at 37°C and were gently centrifuged (500 rpm
for 5 min) using a Sorvall Super T21 centrifuge (Kendro Laboratory
Products, Newtown, CT) to discard the freezing medium. Cell pellets
were gently resuspended in the growth medium (Dulbecco modified
Eagle medium [DMEM], high glucose, with added nonessential amino
acids [NEAA] and containing 20% fetal bovine serum [FBS]) and seed-
ed in inserts at density of at least 250,000 cells/cm2. Plates were housed
in a CO2-incubator (VWR Scientific, South Plainfield, NJ) at 37°C and
5% CO2 atmosphere. Cell medium was changed once every 2 days. The
formation and integrity of the cell monolayer was monitored by meas-
uring the transepithelial electrical resistance, using a Millicell ERS elec-
trode (Millipore, Bedford, MA). The formation of monolayer was
complete at day 4 to 5 at which point the cultures were switched to dif-
ferentiation medium (DMEM high glucose, NEAA and containing 5%
FBS). Medium was changed every 2 days. Two weeks after starting the
cultures on differentiation medium, the cells were washed with plain
DMEM medium and were ready for conducting studies.

Inhibition of P-glycoprotein Activity
The bidirectional permeation of [3H]-digoxin (5 �M) was determined

in the presence or absence of desvenlafaxine and venlafaxine (1– 250 �M,
10 �L methanol) or verapamil (100 �M). Digoxin (1 �Ci/�L ethanol,
5 �M) was prepared in incubation medium (DMEM with NEAA, no
FBS). Incubations for desvenlafaxine and venlafaxine were conducted on
3 separate days, each using a different set of Caco-2 monolayers, which
were performed in triplicate (inserts) for 2 hours at 37°C and 5% CO2 in
a CO2 incubator. Media from the apical and basolateral compartments
were collected and frozen at –80°C until analysis. To an aliquot of medium
from the apical (100 �L) or basolateral (250 to 300 �L) compartment,
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Ultima Gold Solution (5 mL) was added and mixtures were counted
(10 minutes or until % � of 2 was reached) to determine digoxin (radioactivity)
concentration using a Packard Tri Card Model 3100 TR liquid scintillation
counter (Perkin Elmer, Shelton CA).

Evaluation as Substrates for P-Glycoprotein
The bidirectional permeation of desvenlafaxine and venlafaxine was

determined at drug concentrations of 5, 25, and 100 �M in the absence
or presence of verapamil (100 �M). 3[H]-Digoxin (5 �M) was used as
a positive control. The maximum concentration of organic solvents in
the incubation medium was limited to 2%. Incubations were performed
for 2 hours in triplicate (inserts) at 37°C and 5% CO2 in a CO2 incu-
bator. Media from the apical and basolateral compartments were col-
lected and frozen at –80°C until analyses. The internal standard
dextrorphan (50 �L, 200 ng/mL in acetonitrile) was added to thawed
samples (10 �L), followed by the addition of matrix (incubation medi-
um, 90 �L) and acetonitrile (50 �L), and the mixtures were vortexed
and centrifuged at 10000 g for 8 minutes at 4°C (Allegra 21R
Centrifuge, Beckman Coulter, Fullerton, CA) to precipitate protein.
The supernatant (200 �L) was analyzed by LC/MS to determine
desvenlafaxine and venlafaxine concentrations using a standard curve
(1 to 2500 ng/mL) prepared in incubation medium.

Analytical Methods for CYP Inhibition Studies

Instrumentation
HPLC analysis was performed on an Agilent Model 1100 HPLC

(Agilent Technologies, Palo Alto, CA) with a degasser and column heater
and an HTS PAL autosampler (LEAP Technologies, Raleigh, NC). For
all IC50 studies and Ki studies for 1’-hydroxybufuralol and 6�-hydrox-
ytestosterone, the column used was a 5 � Thermo Aquasil C18 column, 2.1
mm id � 50 mm (Bellefonte, PA). For Ki studies with 4’-hydrox-
ymephenytoin and 1’-hydroxymidazolam, the column was a 5 �
Analytical Sales and Service Lancer C18 column, 2 mm id � 20 mm
(Pompton Lakes, NJ). Mass spectrometric measurements were made on
an Applied Biosystems PE Sciex API 3000 or API 4000 triple quadrupole
mass spectrometer. Analysis of LC/MS data was performed using
Analyst™ v1.4.1.

IC50 Studies for Reversible and Mechanism-Based Inhibition
Aliquots (10 �L) of the samples (containing metabolites and internal

standard) were injected onto the HPLC using a mobile phase consist-
ing of a linear gradient of acetonitrile containing 0.1% formic acid and
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water containing 0.1% formic acid. Specific metabolites of the CYP450
isozymes probe substrates were detected by LC/MS/MS either in the
positive electrospray ionization (ESI) or atmospheric pressure chemical
ionization (APCI) mode utilizing a multiple reaction monitoring
(MRM) technique. Source temperatures using ESI and APCI modes
were 350 and 500°C, respectively, for the reversible studies and 600°C
(APCI mode) for the mechanism-based inhibition studies.

Ki Studies
Aliquots (10 or 20 �L) of the supernatants (containing metabolites and

internal standard) were analyzed by LC/MS/MS. For 1’-hydroxybufuralol
and 6�-hydroxytestosterone, the mobile phase consisted of a linear gradi-
ent of acetonitrile containing 0.1% formic acid and water containing 0.1%
formic acid. For 4’-hydroxymephenytoin and 1’ hydroxymidazolam, the
mobile phase consisted of a linear gradient of acetonitrile and 5 mM
ammonium acetate, mixed at a constant flow rate of 0.4 mL/min.
1’ hydroxybufuralol and 1’ hydroxymidazolam were measured in the APCI
mode utilizing an MRM technique. 6�-hydroxytestosterone and 
4-hydroxymephenytoin were measured in the positive and negative ESI
modes, respectively, utilizing a MRM technique. Source temperatures
were 500 to 550°C for 1’-hydroxybufuralol, 350°C 6�-hydroxytestosterone,
300°C 4-hydroxymephenytoin, and 300°C for 1’ hydroxymidazolam. An
appropriate relevant precursor and daughter was selected for each
metabolite (Table 1).

Analytical Methods for P-glycoprotein Substrate Studies
HPLC analysis was performed on an Agilent Model 1100 HPLC

(Agilent Technologies, Palo Alto, CA) with an Agilent degasser, an
Agilent column heater maintained at 40°C, and an HTS PAL autosam-
pler (LEAP Technologies, Raleigh, NC) maintained at 4°C. Aliquots
(50 �L) of the acetonitrile supernatants (containing drugs and the
internal standard) were injected onto the HPLC. The column was a
Keystone BDS Hypersil C8, 150 mm � 4.6 mm, particle size 5 �m
(Bellefonte, PA). The mobile phase consisted of a linear gradient of ace-
tonitrile (A) and 5 mM ammonium acetate (B), mixed in following A/B
ratio with a constant flow rate of 1 mL/min: 10/90 (0 to 3.5 min), 95/5
(3.5 to 5.0 min) and 10/90 (5.0 min). All flow from the column, from
up to 1 minute of initial flow, was diverted away from the MS.

Drugs were detected by HPLC MS/MS in the positive ESI mode uti-
lizing a MRM technique. Mass spectrometric measurements were made
on a Quattro Micro triple quadrupole MS using a Z spray ionization
source and with an ionization voltage of 3200 V. Source and desolvation
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temperatures were 120 and 220°C, respectively, and cone and desolvation
N2 flows were 100 and 605 L/hr, respectively. An appropriate relevant
precursor ion ([M�H]�) was selected for each compound using an
optimal cone voltage setting. Product ions were then detected following
collision-induced dissociation (CID) of the selected precursor ions. Cone
and collision cell voltages varied depending upon the compound detect-
ed. An appropriate relevant precursor and daughter ion (264.07 for
desvenlafaxine and 278.13 for venlafaxine) were selected for each
metabolite. Product ions (58.36 for desvenlafaxine and 121.12 for ven-
lafaxine) were then detected following CID of the selected precursor ions.
Data analysis was through a Windows NT-based MassLynx™ v4.0.

Evaluation of Results and Statistical Analysis
CYP Inhibition. Standard curves were performed at the beginning and

end of each run with individual points excluded when back-calculated
concentrations deviated from their corresponding nominal values 
by 	20%. In order for a run to be considered acceptable and data report-
ed, no more than 25% of the points could be excluded for any metabo-
lite. Concentrations of all metabolites were determined by extrapolating
the response calculated from the peak area ratio to the peak area of inter-
nal standard to that of the standard curve. Values for sample wells con-
taining no drugs were averaged and these averages were used as the
control values (i.e., 100% enzyme activity). Values for samples contain-
ing desvenlafaxine and venlafaxine were expressed as a percentage of this
100% activity value. Calculations were performed with Microsoft Excel
2000. IC50 values were calculated from plots generated from the
inhibitory effect Emax model (model 103) utilizing WinNonlin
Professional, version 4.1. Apparent Km values and kinetics of inhibition
were determined by nonlinear regression plots (using simple Emax model
[model 101] or sigmoidal Emax model [model 105] for testosterone,
WinNonlin Professional, version 4.1), Lineweaver Burk plots, and
Eadie-Hofstee plots. Ki values were determined by Dixon plots.

P-glycoprotein Efflux or Inhibition. The transport of digoxin across
Caco-2 monolayers was determined by the amount of drug permeated
(pmol), the rate of permeation (pmol/sec) and the apparent permeabil-
ity coefficient (Papp). Papp (cm/sec) was calculated by Papp 

(dQ/dt)X1/(A*Co), where dQ/dt is the rate of drug appearance in the
receiver compartment (�mole/sec), Co is the initial drug concentration
in the donor compartment (�M), and A is the surface area of the
monolayer (cm2). These values (mean � SD of n 
 3) were calculated
in both A→B (apical to basolateral) and B→A (basolateral to apical)
directions, and in the absence or presence of desvenlafaxine, venlafaxine,

PSYCHOPHARMACOLOGY BULLETIN: Vol. 42 · No. 2

MINIMAL CYP OR P-GP EFFECTS BY DESVENLAFAXINE

55
Oganesian, Shilling,
Young-Sciame, et al.

MWM_LEUNG.QXP  7/14/09  12:57 PM  Page 55



or verapamil. Efflux was considered to have occurred when the BA/AB
ratio was greater than 2. A decrease in the BA/AB ratio in the presence
of verapamil would suggest that the observed efflux is at least in part
due to P-gp inhibition. Degree of inhibition was calculated using the
following relationship: % Inhibition 
 (1 – (iB→A – iA→B/ aB→A –
aA→B)) � 100%, where i and a are the amount of digoxin transported
in the presence and absence of the putative inhibitor, respectively.38

IC50 values were calculated using the inhibitory effect Emax model
(model 103) of WinNonlin Professional, version 4.1.

RESULTS

Reversible Inhibition of CYP Activities
Desvenlafaxine and venlafaxine showed no or low (IC50 	100 �M)

inhibition of CYP1A2, CYP2A6, CYP2C8, CYP2C9, CYP2C19, or
CYP3A activities (Table 2). The Ki values for the inhibition of these
CYP enzymes were not determined further.

Desvenlafaxine did not exhibit inhibition of CYP2D6 activity. In
contrast, venlafaxine showed moderate inhibition (IC50 of 69 �M) of
CYP2D6 (Table 2). The Ki values for the inhibition of CYP2D6-
mediated bufuralol-1’-hydroxylation were 	300 �M for desvenlafaxine
compared with 96 �M for venlafaxine (Table 3), with the mode of inhi-
bition determined to be competitive. The Km value (20 � 3.6 �M,
mean � SD, n 
 12) for bufuralol-1’-hydroxylation was within the
range of values reported previously.39
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ESTIMATED IC50 VALUES (�M) FOR THE INHIBITION OF CYP ENZYMES IN

HUMAN LIVER MICROSOMES

P450 DESVENLAFAXINE VENLAFAXINE

CYP1A2 130 � 88 NC
CYP2A6 NC NC
CYP2C8 NC NC
CYP2C9 NC NC
CYP2C19 NC NC
CYP2D6 NC 69 � 3
CYP3Aa NC NC
CYP3Ab NC NC

Abbreviation: CYP, cytochrome P450; IC50, concentration that inhibits 50%; NC, not calculated due to
lack of inhibition at 100 �M; SD, standard deviation.
Values are mean � SD of 3 separate determinations each performed in triplicate.
aMidazolam-1’-hydroxylation.
bTestosterone-6�-hydroxylation.

TABLE 2
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Mechanism-Based Inhibition of CYP2C9, 2C19, 2D6, and 3A
Table 4 shows the estimated IC50 values for the inhibition of selected

CYP activities in the presence of preincubations with or without an
NADPH-regenerating system. Desvenlafaxine and venlafaxine did not
exhibit reduction of IC50 value for any of the enzymes evaluated, suggest-
ing that these agents were not mechanism-based inhibitors of CYP2C9,
CYP2C19, CYP2D6, or CYP3A. The known mechanism-based
inhibitors tienilic acid, ticlopidine, paroxetine, and troleandomycin expect-
edly inhibited CYP2C9, CYP2C19, CYP2D6, and CYP3A activities,
respectively, in a NADPH-dependent manner (data not shown).

Inhibition of P-glycoprotein Activity by Desvenlafaxine and Venlafaxine
Inhibition of P-gp-mediated digoxin efflux in the presence of increas-

ing concentrations of desvenlafaxine and venlafaxine is summarized in
Table 5. Extrapolated IC50 values were not definable due to minimal
inhibition (�20%) at the highest concentration used (i.e., 250 �M).
The known P-gp inhibitor, verapamil, had an IC50 value of 12.2 � 1.5 �M
under the same experiment conditions.
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Ki VALUES (�M) AND MODE OF INHIBITION FOR THE INHIBITION OF

CYP ENZYMES IN HUMAN LIVER MICROSOMES

CYP2D6

Desvenlafaxine 	300
Venlafaxine 96 (competitive)

Abbreviations: CYP, cytochrome P450; Ki, inhibition constant.
Values are mean of 2 separate determinations each performed in duplicate.

TABLE 3

ESTIMATED IC50 VALUES (µM) FOR THE MECHANISM-BASED INHIBITION OF CYP
ENZYMES IN HUMAN LIVER MICROSOMES IN THE PRESENCE OF PREINCUBATION

WITH OR WITHOUT AN NADPH REGENERATING SYSTEM

NADPH
PREINCUBATION CYP2C9 CYP2C19 CYP2D6 CYP3A

Desvenlafaxine � 	100 	100 	100 	100
� 	100 	100 	100 	100

Venlafaxine � 	100 	100 	100 	100
� 	100 	100 	100 	100

Abbreviations: CYP, cytochrome P450; IC50, concentration that inhibits 50%; NADPH, nicotinamide
adenine dinucleotide phosphate.

TABLE 4
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Desvenlafaxine and Venlafaxine as Substrates for P-glycoprotein
Papp and efflux (BA/AB) ratios for desvenlafaxine and venlafaxine are

shown in Table 6. Desvenlafaxine and venlafaxine showed efflux ratios
of �2, indicating that little P-gp-dependent efflux had taken place in
the Caco-2 monolayers. Digoxin showed an efflux ratio of 25 at a drug
concentration of 5 �M that was markedly reduced (BA/AB 
 1.4) in
the presence of verapamil, consistent with digoxin being a P gp substrate.

DISCUSSION

CYP-based Drug-Drug Interactions
Peak plasma concentrations (Cmax) and in vitro Ki may be used to pre-

dict the changes in area under the plasma concentration-versus-time
curve (AUC) of a drug in the presence of an inhibitor in vivo.40 Factors
such as microsomal and plasma protein binding, hepatic uptake, and

PSYCHOPHARMACOLOGY BULLETIN: Vol. 42 · No. 2

MINIMAL CYP OR P-GP EFFECTS BY DESVENLAFAXINE

58
Oganesian, Shilling,
Young-Sciame, et al.

IC50 VALUES FOR THE INHIBITION OF P-GLYCOPROTEIN-MEDIATED DIGOXIN

EFFLUX IN CACO-2 MONOLAYERS

INHIBITOR IC50 (µM) (MEAN � SD)

Desvenlafaxine ND
Venlafaxine ND
Verapamil 12.2 � 1.5

Abbreviation: IC50, concentration that inhibits 50%; ND, not definable due to minimal inhibition
(�20%) at the highest concentration used (250 µM); SD, standard deviation.
Results are mean ±SD of 3 determinations each conducted on a separate day.

TABLE 5

PERMEABILITY IN CACO-2 MONOLAYERS

CONC PAPP (AB), � 10–6 CM/SEC PAPP (BA), � 10–6 CM/SEC BA/AB
COMPOUND (�M) MEAN � SD MEAN � SD RATIO
Desvenlafaxine 5 9.90 � 0.41 15.1 � 1.26 1.5

25 8.18 � 0.23 12.4 � 0.38 1.5
100 7.27 � 0.33 9.54 � 0.59 1.3

Venlafaxine 5 4.62 � 0.65 6.84 � 0.50 1.5
25 4.75 � 0.53 6.50 � 0.77 1.4
100 4.81 � 0.27 5.39 � 0.28 1.1

Digoxin 5 0.70 � 0.01 17.7 � 0.58 25

Digoxin � 5
Verapamil 100 4.58 � 0.33 6.59 � 0.19 1.4

Abbreviations: Conc, concentration; Papp, apparent permeability coefficient; SD, standard deviation.
Incubations were performed for 2 hours at 37°C. Results are mean ± SD of n 
 3 inserts.

TABLE 6
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maximum hepatic input concentration, together with the fraction of
substrates metabolized by a particular CYP enzyme, may improve the
quantitative prediction of DDIs.41,42 Microsomal binding of the various
drugs studied has not been determined in the present study; instead,
their apparent Ki or IC50 values together with available in vivo data are
discussed below with respect to the potential for clinical DDIs.

The data in the current study demonstrate that desvenlafaxine
exhibits little or no inhibition of the major CYP enzymes, as found in
other studies at drug concentrations as high as 100 �M.16,19,43,44

Furthermore, desvenlafaxine did not show mechanism-based inhibition
of the CYP enzymes evaluated. Although previous studies have exam-
ined the effect of venlafaxine metabolites (i.e., O-desmethylvenlafaxine
and N-desmethylvenlafaxine) on the inhibition of CYP3A,43 the data
herein reflect the first demonstration of the effect of the succinate salt
of desvenlafaxine on the reversible and mechanism-based inhibition of
various CYP enzymes. Considering its plasma drug concentrations
(0.51–1.1 �M),45,46 desvenlafaxine may be expected to have minimal
potential to inhibit the metabolism of concomitant drugs that are
metabolized by these CYP enzymes. In fact, in vivo studies demonstrate
that desvenlafaxine produced minor changes in the AUC or Cmax of the
CYP 2D6 substrates desipramine and 2-hydroxydesipramine compared
with either paroxetine45 or duloxetine.46

Venlafaxine was previously shown to have no or minimal effect
(�2 fold) on the dextromethorphan/dextrorphan ratio.47 That finding
appears consistent with low plasma venlafaxine concentrations (0.53 to
0.77 �M)48,49 relative to the Ki values reported in this and other studies
(
100 �M).16,19 Also consistent with the low extent of in vitro inhibi-
tion demonstrated in the present study, previous venlafaxine studies
showed little inhibition of coadministered drugs metabolized via
CYP1A2, CYP2C9, CYP2C19, or CYP3A.8,15,20 In the current study,
venlafaxine did not show mechanism-based inhibition of the CYP
enzymes evaluated.

P-glycoprotein-based Drug-Drug Interactions
The inhibitory potency of desvenlafaxine and venlafaxine appeared

low under the conditions used in this study, with IC50 values greater than
the highest drug concentrations used (250 �M). The low extent of P-gp
inhibition by desvenlafaxine and venlafaxine is in agreement with results
reported previously (IC50 values not definable) using L-MDR1 cells and
the fluorometric substrate calcein-acetoxymethylester.28 The use of in
vitro inhibition data to extrapolate into in vivo DDI has not been well
established for P-gp, in part because improved understanding of the
quantitative contribution of the transport proteins and the occurrence of
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multiple simultaneous processes is needed to accurately predict in vivo
effects from in vitro assays.40 The minimal in vitro P-gp inhibition (IC50
values 	250 �M) observed suggests that these drugs may be expected to
have a minimal or no effect on the pharmacokinetics of concomitant
drugs that are P-gp substrates.

Desvenlafaxine and venlafaxine (efflux ratios 
 1.6) were not considered
substrates for efflux in this study, despite the earlier finding that venlafax-
ine stimulates multidrug resistance (MDR) and MDR-associated protein
gene expression in Caco-2 cells.50 Results from the present report for
desvenlafaxine and venlafaxine are apparently in contrast with findings by
Uhr and colleagues, who showed that the brain uptake of desvenlafaxine
and venlafaxine was enhanced in MDR1a/b knockout mice31 and that
polymorphisms in the drug transporter gene may predict desvenlafaxine
and venlafaxine treatment response in depression.51 Likewise, the antide-
pressant doxepin was concluded to be a P-gp substrate due to higher cere-
brum drug concentrations in MDR1ab knockout mice,31 but was not
considered a substrate for P-gp in Madin-Darby canine kidney cells
expressing human P-gp.30 Since species differences in P-gp activity have
been reported pertaining to their respective drug resistance profiles and
sensitivity to modulators, caution should be exercised when extrapolating
data from knockout animal models to human situations.52

In conclusion, this is the first study in which desvenlafaxine (as the
succinate salt) and venlafaxine were evaluated within a single study with
respect to their inhibitory effects on CYP and P-gp activities in vitro.
Due to their limited or lack of in vitro inhibition of various CYP
enzymes and considering their therapeutic plasma drug concentrations,
desvenlafaxine and venlafaxine appear to have a low potential to inhib-
it the metabolic disposition of concomitant drugs that are substrates for
the major CYP enzymes assessed, in particular for CYP2D6. The in
vitro observations are consistent with results of clinical studies that
demonstrated minimal effect of desvenlafaxine or venlafaxine on the
pharmacokinetics of concomitant medications that are metabolized by
the various CYP enzymes. Due to their low in vitro inhibition of P-gp
activity, and the demonstration of minimal or no efflux in the Caco-2
system, desvenlafaxine and venlafaxine would be expected to exhibit lit-
tle or no pharmacokinetic interactions with concomitant drugs that are
substrates or inhibitors of P-gp.✤

ACKNOWLEDGMENT

The authors would like to thank Ira Mills, PhD and Sherri Jones,
PharmD for professional medical writing and editorial assistance on
this article.

PSYCHOPHARMACOLOGY BULLETIN: Vol. 42 · No. 2

MINIMAL CYP OR P-GP EFFECTS BY DESVENLAFAXINE

60
Oganesian, Shilling,
Young-Sciame, et al.

MWM_LEUNG.QXP  7/14/09  12:57 PM  Page 60



REFERENCES
1. Venkatakrishnan K, von Moltke LL, Obach RS, Greenblatt DJ. Drug metabolism and drug interac-

tions: application and clinical value of in vitro models. Curr Drug Metab. 2003;4(5):423–459.
2. Levy RH, Hachad H, Yao C, Ragueneau-Majlessi I. Relationship between extent of inhibition and

inhibitor dose: literature evaluation based on the metabolism and transport drug interaction database.
Curr Drug Metab. 2003;4(5):371–380.

3. Zhang ZY, Wong YN. Enzyme kinetics for clinically relevant CYP inhibition. Curr Drug Metab.
2005;6(3):241–257.

4. Fromm MF. P-glycoprotein: a defense mechanism limiting oral bioavailability and CNS accumulation
of drugs. Int J Clin Pharmacol Ther. 2000;38(2):69–74.

5. Fromm MF, Kim RB, Stein CM, Wilkinson GR, Roden DM. Inhibition of P-glycoprotein-mediated
drug transport: A unifying mechanism to explain the interaction between digoxin and quinidine.
Circulation. 1999;99(4):552–557.

6. Greiner B, Eichelbaum M, Fritz P, et al. The role of intestinal P-glycoprotein in the interaction of
digoxin and rifampin. J Clin Invest. 1999;104(2):147–153.

7. Beringer PM, Slaughter RL. Transporters and their impact on drug disposition. Ann Pharmacother.
2005;39(6):1097–1108.

8. Ereshefsky L, Dugan D. Review of the pharmacokinetics, pharmacogenetics and drug interaction
potential of antidepressants: focus on venlafaxine. Depress Anxiety. 2000;12(suppl 1):30–44.

9. Bodo A, Bakos E, Szeri F, Varadi A, Sarkadi B. The role of multidrug transporters in drug availabili-
ty, metabolism and toxicity. Toxicol Lett. 2003;140–141:133–143.

10. Endres CJ, Hsiao P, Chung FS, Unadkat JD. The role of transporters in drug interactions. Eur J Pharm
Sci. 2006;27(5):501–517.

11. Sai Y. Biochemical and molecular pharmacological aspects of transporters as determinants of drug dis-
position. Drug Metab Pharmacokinet. 2005;20(2):91–99.

12. Silkey B, Preskorn SH, Golbeck A, et al. Complexity of medication use in the Veterans Affairs health-
care system: Part II. Antidepressant use among younger and older outpatients. J Psychiatr Pract.
2005;11(1):16–26.

13. Hemeryck A, Belpaire FM. Selective serotonin reuptake inhibitors and cytochrome P-450 mediated
drug-drug interactions: an update. Curr Drug Metab. 2002;3(1):13–37.

14. Fattinger K, Roos M, Vergeres P, et al. Epidemiology of drug exposure and adverse drug reactions in
two swiss departments of internal medicine. Br J Clin Pharmacol. 2000;49(2):158–167.

15. DeVane CL. Translational pharmacokinetics: current issues with newer antidepressants. Depress
Anxiety. 1998;8(suppl 1):64–70.

16. Ball SE, Ahern D, Scatina J, Kao J. Venlafaxine: in vitro inhibition of CYP2D6 dependent imipramine
and desipramine metabolism; comparative studies with selected SSRIs, and effects on human hepatic
CYP3A4, CYP2C9 and CYP1A2. Br J Clin Pharmacol. 1997;43(6):619–626.

17. Bertelsen KM, Venkatakrishnan K, von Moltke LL, Obach RS, Greenblatt DJ. Apparent mechanism-
based inhibition of human CYP2D6 in vitro by paroxetine: comparison with fluoxetine and quinidine.
Drug Metab Dispos. 2003;31(3):289–293.

18. Kotlyar M, Brauer LH, Tracy TS, et al. Inhibition of CYP2D6 activity by bupropion. J Clin
Psychopharmacol. 2005;25(3):226–229.

19. Otton SV, Ball SE, Cheung SW, Inaba T, Rudolph RL, Sellers EM. Venlafaxine oxidation in vitro is
catalysed by CYP2D6. Br J Clin Pharmacol. 1996;41(2):149–156.

20. Owen JR, Nemeroff CB. New antidepressants and the cytochrome P450 system: focus on venlafaxine,
nefazodone and mirtazapine. Depress Anxiety. 1998;7(suppl 1):24–32.

21. Downs JM, Downs AD, Rosenthal TL, Deal N, Akiskal HS. Increased plasma tricyclic antide-
pressant concentrations in two patients concurrently treated with fluoxetine. J Clin Psychiatry.
1989;50(6):226–227.

22. Ozdemir V, Naranjo CA, Herrmann N, Reed K, Sellers EM, Kalow W. Paroxetine potentiates the cen-
tral nervous system side effects of perphenazine: contribution of cytochrome P4502D6 inhibition in
vivo. Clin Pharmacol Ther. 1997;62(3):334–347.

23. Solai LK, Mulsant BH, Pollock BG, et al. Effect of sertraline on plasma nortriptyline levels in
depressed elderly. J Clin Psychiatry. 1997;58(10):440–443.

24. Skinner MH, Kuan HY, Pan A, et al. Duloxetine is both an inhibitor and a substrate of cytochrome
P4502D6 in healthy volunteers. Clin Pharmacol Ther. 2003;73(3):170–177.

25. Kennedy SH, McCann SM, Masellis M, et al. Combining bupropion SR with venlafaxine, paroxetine,
or fluoxetine: a preliminary report on pharmacokinetic, therapeutic and sexual dysfunction effects.
J Clin Psychiatry. 2002;63(3):181–186.

PSYCHOPHARMACOLOGY BULLETIN: Vol. 42 · No. 2

MINIMAL CYP OR P-GP EFFECTS BY DESVENLAFAXINE

61
Oganesian, Shilling,
Young-Sciame, et al.

MWM_LEUNG.QXP  7/14/09  12:57 PM  Page 61



26. Alfaro CL, Lam YW, Simpson J, Ereshefsky L. CYP2D6 status of extensive metabolizers after
multiple-dose fluoxetine, fluvoxamine, paroxetine, or sertraline. J Clin Psychopharmacol.
1999;19(2):155–163.

27. Nagy CF, Kumar D, Perdomo CA, Wason S, Cullen EI, Pratt RD. Concurrent administration of
donepezil HCl and sertraline HCl in healthy volunteers: assessment of pharmacokinetic changes and
safety following single and multiple oral doses. Br J Clin Pharmacol. 2004;58(suppl 1):25–33.

28. Weiss J, Dormann SM, Martin-Facklam M, Kerpen CJ, Ketabi-Kiyanvash N, Haefeli WE. Inhibition
of P-glycoprotein by newer antidepressants. J Pharmacol Exp Ther. 2003;305(1):197–204.

29. Maines LW, Antonetti DA, Wolpert EB, Smith CD. Evaluation of the role of P-glycoprotein in the
uptake of paroxetine, clozapine, phenytoin and carbamazepine by bovine retinal endothelial cells.
Neuropharmacology. 2005;49(5):610–617.

30. Mahar Doan KM, Humphreys JE, Webster LO, et al. Passive permeability and P-glycoprotein-mediated
efflux differentiate central nervous system (CNS) and nonCNS marketed drugs. J Pharmacol Exp Ther.
2002;303(3):1029–1037.

31. Uhr M, Grauer MT, Holsboer F. Differential enhancement of antidepressant penetration into the
brain in mice with abcb1ab (mdr1ab) P-glycoprotein gene disruption. Biol Psychiatry.
2003;54(8):840–846.

32. Pristiq [package insert]. Philadelphia, PA: Wyeth Pharmaceuticals; 2008.
33. DeMartinis NA, Yeung PP, Entsuah R, Manley AL. A double-blind, placebo-controlled study of the

efficacy and safety of desvenlafaxine succinate in the treatment of major depressive disorder. J Clin
Psychiatry. 2007;68(5):677–688.

34. Septien-Velez L, Pitrosky B, Padmanabhan SK, Germain J-M, Tourian KA. A randomized, double-
blind, placebo-controlled trial of desvenlafaxine succinate in the treatment of major depressive disor-
der. Int Clin Psychopharmacol. 2007;22(6):338–347.

35. Liebowitz M, Manley AL, Padmanabhan SK, Ganguly R, Tummala R, Tourian KA. Efficacy, safety,
and tolerability of desvenlafaxine 50 mg/d and 100 mg/d in outpatients with major depressive disor-
der. Curr Med Res Opin. 2008;24(7):1877–1890.

36. Boyer P, Montgomery S, Lepola U, et al. Efficacy, safety, and tolerability of fixed-dose desvenlafaxine
50 and 100 mg/day for major depressive disorder in a placebo-controlled trial. Int Clin Psychopharmacol.
2008;23(5):243–253.

37. Dierks EA, Stams KR, Lim HK, Cornelius G, Zhang H, Ball SE. A method for the simultaneous
evaluation of the activities of seven major human drug-metabolizing cytochrome P450s using an in
vitro cocktail of probe substrates and fast gradient liquid chromatography tandem mass spectrometry.
Drug Metab Dispos. 2001;29(1):23–29.

38. Wandel C, Kim RB, Guengerich FP, Wood AJ. Mibefradil is a P-glycoprotein substrate and a potent
inhibitor of both P-glycoprotein and CYP3A in vitro. Drug Metab Dispos. 2000;28(8):895–898.

39. Umehara K, Shimokawa Y, Miyamoto G. Inhibition of human drug metabolizing cytochrome P450
by buprenorphine. Biol Pharm Bull. 2002;25(5):682–685.

40. Bjornsson TD, Callaghan JT, Einolf HJ, et al. The conduct of in vitro and in vivo drug-drug interac-
tion studies: a PhRMA perspective. J Clin Pharmacol. 2003;43(5):443–469.

41. Ito K, Brown HS, Houston JB. Database analyses for the prediction of in vivo drug-drug interactions
from in vitro data. Br J Clin Pharmacol. 2004;57(4):473–486.

42. Brown HS, Ito K, Galetin A, Houston JB. Prediction of in vivo drug-drug interactions from in vitro
data: impact of incorporating parallel pathways of drug elimination and inhibitor absorption rate con-
stant. Br J Clin Pharmacol. 2005;60(5):508–518.

43. von Moltke LL, Duan SX, Greenblatt DJ, et al. Venlafaxine and metabolites are very weak inhibitors
of human cytochrome P450-3A isoforms. Biol Psychiatry. 1997;41(3):377–380.

44. Hesse LM, Venkatakrishnan K, Court MH, et al. CYP2B6 mediates the in vitro hydroxylation of bupro-
pion: potential drug interactions with other antidepressants. Drug Metab Dispos. 2000;28(10):1176–1183.

45. Nichols AI, Fatato P, Shenouda M, et al. The effects of desvenlafaxine and paroxetine on the pharma-
cokinetics of the cytochrome P450 2D6 substrate desipramine in healthy adults. Manuscript submit-
ted to J Clin Psychopharmacol.

46. Patroneva A, Connolly SM, Fatato P, et al. An assessment of drug-drug interactions: the effect of
desvenlafaxine and duloxetine on the pharmacokinetics of the CYP2D6 probe desipramine in healthy
subjects. Manuscript submitted to Drug Metab Dispos.

47. Alfaro CL, Lam YW, Simpson J, Ereshefsky L. CYP2D6 inhibition by fluoxetine, paroxetine, sertra-
line and venlafaxine in a crossover study: intraindividual variability and plasma concentration correla-
tions. J Clin Pharmacol. 2000;40(1):58–66.

48. Gex-Fabry M, Balant-Gorgia AE, Balant LP, Rudaz S, Veuthey JL, Bertschy G. Time course of clin-
ical response to venlafaxine: relevance of plasma level and chirality. Eur J Clin Pharmacol.
2004;59(12):883–891.

PSYCHOPHARMACOLOGY BULLETIN: Vol. 42 · No. 2

MINIMAL CYP OR P-GP EFFECTS BY DESVENLAFAXINE

62
Oganesian, Shilling,
Young-Sciame, et al.

MWM_LEUNG.QXP  7/14/09  12:57 PM  Page 62



49. Charlier C, Pinto E, Ansseau M, Plomteux G. Venlafaxine: the relationship between dose, plasma con-
centration and clinical response in depressive patients. J Psychopharmacol. 2002;16(4):369–372.

50. Ehret MJ, Levin GM, Narasimhan M, Rathinavelu A. Venlafaxine induces P-glycoprotein in human
Caco-2 cells. Hum Psychopharmacol. 2007;22(1):49–53.

51. Uhr M, Tontsch A, Namendorf C, et al. Polymorphisms in the drug transporter gene ABCB1 predict
antidepressant treatment response in depression. Neuron. 2008;57:203–209.

52. Tang-Wai DF, Kajiji S, DiCapua F, de Graaf D, Roninson IB, Gros P. Human (MDR1) and mouse
(mdr1, mdr3) P-glycoproteins can be distinguished by their respective drug resistance profiles and sen-
sitivity to modulators. Biochemistry. 1995;34(1):32–39.

PSYCHOPHARMACOLOGY BULLETIN: Vol. 42 · No. 2

MINIMAL CYP OR P-GP EFFECTS BY DESVENLAFAXINE

63
Oganesian, Shilling,
Young-Sciame, et al.

MWM_LEUNG.QXP  7/14/09  12:57 PM  Page 63



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


