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ABSTRACT

Cigarette smoking during pregnancy is a preventable risk factor associated with maternal and fetal
complications. Bupropion is an antidepressant used successfully for smoking cessation in non-pregnant
patients. Our goal is to determine whether it could benefit the pregnant patient seeking smoking
cessation. The aim of this investigation was to determine the role of human placenta in the disposition of
bupropion and its major hepatic metabolite, OH-bupropion. The expression of efflux transporters P-gp
and BCRP was determined in placental brush border membrane (n=200) and revealed a positive
correlation (p < 0.05). Bupropion was transported by BCRP (K; 3 M, Vi,ax 30 pmol/mg protein/min) and
P-gp (K: 0.5 M, Vimax 6 pmol/mg protein*min) in placental inside-out vesicles (IOVs). OH-bupropion
crossed the dually-perfused human placental lobule without undergoing further metabolism, nor was it
an efflux substrate of P-gp or BCRP. In conclusion, our data indicate that human placenta actively
regulates the disposition of bupropion (via metabolism, active transport), but not its major hepatic
metabolite, OH-bupropion.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Cigarette smoking during pregnancy has been associated with
spontaneous abortion, placental pathology, preterm labor, low
birth weight, stillbirth, sudden infant death syndrome, and
childhood developmental problems [1]. Approximately 13% of
mothers report smoking during the last 3 months of pregnancy [2],
and many find it hard to stop or reduce smoking without the aid of
medication. The benefits of smoking cessation during pregnancy
include significant increase in birth weight and reduction in risk of
preterm birth, as well as long-term health benefits to both mother
and child [3].

Currently, there is no approved medical therapy for smoking
cessation during pregnancy. Occasionally health care providers
recommend the use of nicotine replacement therapy (NRT) for
those pregnant women who desire to quit smoking and fail other
non-pharmacotherapeutic interventions. However, maternal ex-
posure to nicotine has also been associated with risk to the
developing fetus and newborn. Prenatal exposure to nicotine in
animals was associated with blunted newborn respiratory
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response and increased rate of death [4]; anxiety, hyperactivity,
and cognitive impairment in offspring [5]; and vasoconstriction
related to decreased uteroplacental blood flow [6]. In humans,
congenital malformations were higher among women who used
NRT (patch, gum, or inhaler) during the first trimester than with
nonsmokers [7]. Due to concern over safety of the developing fetus
exposed to NRT, the goal of investigations in our laboratory is to
evaluate an alternative to NRT for smoking cessation during
pregnancy.

Bupropion is an antidepressant used successfully for smoking
cessation in non-pregnant patients [8]. Accordingly, bupropion
may also offer therapeutic benefit for smoking cessation in
pregnant patients. However, its safety as a medication to be used
during pregnancy remains unclear. Bupropion is labeled as
Category C by the US Food and Drug Administration (i.e., data
from animal models revealed adverse effects and there are not
adequate studies in humans), but potential benefits may warrant
its use during pregnancy despite potential risks [9].

Preclinical investigations in our laboratory on the biodisposi-
tion of bupropion by human placenta revealed that it crosses from
the maternal-to-fetal circulation [10], and that it is metabolized by
placental tissue [11]. Placental transfer of bupropion from the
maternal-to-fetal circulation was approximately 20% [10]. This is
less than the 30-40% reported transfer of nicotine which diffuses
freely across the placental tissue [12-14]. The lower placental
transfer of bupropion could be explained, in part, by the activity of
placental efflux transporters. We have demonstrated that efflux
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transporters P-glycoprotein (P-gp) and breast cancer resistance
protein (BCRP) have an active role in the efflux of their substrates
across placental apical membrane [15]. Bupropion may be a P-gp
substrate, as suggested by its stimulation of ATP hydrolysis by P-gp
expressing membranes [16]. However, a direct determination of its
transport by P-gp and/or other transporters expressed in placental
apical membrane has not been reported to date.

An earlier report from our laboratory provided evidence that
bupropion is metabolized by placental tissue during its perfusion
[11]. The major metabolites of bupropion (threo- and erythro-
hydrobupropion) formed by the placental tissue were distinct from
the major hepatic metabolite (OH-bupropion), suggesting the
placenta has a unique role in regulating the metabolic fate of
bupropion. However, since bupropion is extensively metabolized
to OH-bupropion, with plasma metabolite levels exceeding those
of the parent compound [17], this active metabolite will be present
in the circulation of pregnant patients receiving bupropion for
treatment. Thus, concern over potential fetal exposure to OH-
bupropion should be taken into consideration and the role of the
placenta in its biodisposition warrants further investigation.

Taken together, the goals of this investigation were to
determine the role of the placenta in the active regulation
(metabolism, efflux transport) of OH-bupropion disposition
compared to its parent compound, bupropion. Information
obtained will be necessary for evaluating the extent of fetal
exposure to bupropion and OH-bupropion, and consequently the
safety of bupropion as an alternative medication for smoking
cessation therapy in pregnant patients.

2. Material and methods
2.1. Chemicals

All chemicals were purchased from Sigma-Aldrich (St. Louis, MO)
unless otherwise mentioned. The murine monoclonal antibodies
C219 and BXP-21 were purchased from Signet Laboratories
(Dedham, MA). Actin (C-2) mouse monoclonal antibodies and goat
anti-mouse horseradish peroxidase-conjugated antibody were
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA).
['“C]-hydroxybupropion (specific activity, 56.9 mCi/mmol) was
custom-synthesized by Synthese AptoChem Inc. (Montreal, Canada).
[3H]-bupropion (specific activity, 4 Ci/mmol) was custom-synthe-
sized by PerkinElmer Life and Analytical Sciences Custom Synthesis
Group. [>HJ-antipyrine (specific activity, 20 Ci/mmol) was pur-
chased from American Radiolabeled Chemicals Inc. (St. Louis, MO).

2.2. Clinical material

Term human placentas (37-41 weeks) obtained from uncom-
plicated pregnancies were included in the study. A staff of trained
research nurses was responsible for transporting the placentas
immediately after delivery to our laboratory according to a
protocol approved by the Institutional Review Board of UTMB.

2.3. Preparation of placental brush border membrane vesicles

Placental brush border membrane vesicles from human
placenta were prepared using a protocol modified from Ushigome
et al. [18] and previously described in our laboratory [19]. Affinity
chromatography was used to enrich the proportion of inside-out
vesicles (IOVs) [20]. Vesicle composition (brush border membrane)
was confirmed by alkaline phosphatase assay, and inside-out
configuration was determined by acetycholinesterase assay [19].

Vesicles were aliquoted and immediately stored at —80 °C until
use. ATP-dependent transport activity was verified an aliquot from
each placental preparation, and those with low or no detectible

ATP-dependent transport after thawing were excluded from the
study. For experiments using multiple samples, a pool was
prepared using membrane preparations of 60 placentas obtained
from uncomplicated term pregnancies. The large pool size reduces
the confounding variable of inter-individual variation in the
activity of transporters, and provides multiple and long-term use
of the same lot of membranes.

2.4. Determination of P-gp and BCRP protein levels by Western blot

The brush border membranes were prepared as described
above. The total protein concentration in all samples was
determined by detergent-compatible Bradford protein assay
(Bio-Rad Laboratories, Hercules, CA, USA) using bovine serum
albumin (10-100 g total protein) as a standard.

Western blot quantification of P-gp protein expression was
carried out using 7.5% SDS/polyacrylamide gel electrophoresis. The
amount of total placental apical membrane protein loaded on each
well was 10 pg. At the end of electrophoresis, the gel was
electroblotted on nitrocellulose membranes overnight at 4 °C and a
constant potential of 25V. Blots were probed with anti-P-gp
mouse monoclonal antibodies (mAb C219) or anti-BCRP mouse
monoclonal antibodies (mAb BXP-21) diluted 1:200 and secondary
goat anti-mouse horseradish peroxidase-conjugated antibodies
diluted 1:1000. Detection of the protein bands was carried out by
spot densitometry and digital imaging of the enhanced chemilu-
minescence spots. The amount of expressed 3-actin was used to
normalize the amount of P-gp and BCRP in each loaded sample on
the gel. A positive control consisted of human P-gp and BCRP
membranes (Gentest Corporation).

2.5. Active transport by placental P-gp and BCRP

The direct measurement of transport was determined by
measuring [>H]-bupropion or ['“C]-OH-bupropion uptake into
human placental I0OVs. The protocol for the uptake assay is based
on that for P-gp substrate, paclitaxel, described previously [19]. Each
reaction was carried out in SHT buffer (10 mM HEPES-Tris, 250 mM
sucrose) containing 4 mM MgCl,, 10 mM creatine phosphate,
100 .g/ml creatine phosphokinase, either 2 mM ATP or 3 mM Nacl,
and placental BBMVs at a concentration of 0.05 pg/l (7 g total
protein), in duplicates. The reaction was initiated by the addition of
[3H]-bupropion or ['*C]-OH-bupropion, at a final concentration
ranging from 0.05 to 3 WM unless otherwise indicated. The reaction,
carried out at 37 °C, was terminated after 1 min by the addition of
1 mlice cold buffer, and vesicles were isolated using rapid filtration
by a Brandel Cell Harvester using Whatman glass fiber filter strips
(pore size 0.7 uM). The amount of radiolabeled drug retained was
measured using liquid scintillation analysis, active transport was
calculated as the difference in the presence and absence of ATP plus
P-gp- or BCRP-selective inhibitor. P-gp-mediated transport (Tp_gp)
was measured in the presence and absence of P-gp-selective
inhibitor, verapamil (600 wM) [21]. BCRP-mediated transport
(Tgcrp) Was measured in the presence and absence of BCRP-selective
inhibitor, 25 nM KO143 [22]. K; and V,.x were determined by the
least-squares fit of the data to the Michaelis—-Menten equation. The
reciprocal of radioligand uptake (1/uptake) was plotted vs the
reciprocal of radioligand concentration in the incubation medium
(1/c) for each experiment. The K, and Vp.x values for each
experiment were obtained from the X and Y-intercepts, respectively,
and pooled together to calculate the mean + SEM.

2.6. Stimulation of P-gp and BCRP ATPase activity by bupropion

The interaction of bupropion with ABC transporters P-gp and
BCRP was confirmed by stimulation of ATP hydrolysis in
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membranes expressing P-gp (Gentest) and BCRP (Solvo) by a
protocol described in the product insert. Reactions were carried
out in low-binding 96-well plates (Corning Costar, NY, USA). The
reaction mixtures, in a final volume of 60 .1, contained 50 mM
Tris—Mes buffer (pH 6.8),40 g P-gp membranes, bupropion (final
concentration ranging 1-1000 wM), and 4 mM Mg-ATP. After pre-
warming at 37 C for 3 min, the reactions were initiated by the
addition of Mg-ATP. Verapamil and sulfasalazine served as
positive control for stimulation of P-gp and BCRP ATPase,
respectively. For each reaction, identical incubations containing
100 mM orthovanadate, an inhibitor of ATP hydrolysis by ABC
transporters, served as control for baseline ATPase activity.
ATPase activity was quantified by determining the increase in
Pi concentration that was subtracted from the activity generated
in the presence of orthovanadate from the activity generated
without orthovanadate to yield vanadate-sensitive ATPase
activity.

2.7. Transplacental transfer of OH-bupropion

The technique of dual perfusion of a placental lobule was used
as previously described in our laboratory [23] and originally by
Miller et al. [24]. Each placenta was perfused for an initial control
period of 1 h for determination of baseline viability and functional
parameters (described below). Perfusion was terminated if: fetal
arterial pressure exceeded 50 mmHg, volume loss in fetal circuit
exceeded 2 ml/h, or if the pO, difference between fetal vein and
artery <60 mmHg (indicating inadequate perfusion overlap
between the two circuits). The experimental period of 4 h was
initiated by the addition of OH-bupropion and 1.5 u.Ci of its [*C]-
isotope to the maternal reservoir (final concentration of 470 ng/
ml) [25]. The non-ionizable, lipophillic marker compound antipy-
rine (AP) 20 ug/ml and its [*H]-isotope (1.5 wCi) were co-
transfused with OH-bupropion to account for interplacental
variations and to normalize the transfer of OH-bupropion. The
perfusion system was used in its closed-closed configuration (re-
circulation of perfusion medium).

Binding of [*C]-OH-bupropion to glassware, teflon and tygon
type of tubing utilized in the perfusion system was determined by
re-circulating drug in the model system in the absence of a
placenta. Binding of ['*C]-OH-bupropion to glassware and tubing
was negligible.

Samples from the maternal artery and fetal vein, in 0.5 ml
aliquots, were taken at0, 5, 10, 15, 30, 45, 60, 90, 120, 150, 180, 210,
and 240 min and the amount of radioactivity was determined in
each sample by liquid scintillation spectrometry using both [>H]
and ['“C]-channels simultaneously (1900TR; Packard Instruments,
Shelton, CT). The concentration of OH-bupropion in all samples
was calculated after correcting for the specific activity as
previously reported [23]. At the end of experiment, the perfused
area was dissected from the adjoining placental tissue, weighed,
and homogenized in a volume of saline equal to four times its
weight. One ml of 1 M NaOH was added to 1 ml of the homogenate
and the samples were incubated for 12 h at 60 °C in the dark to
allow for luminescence decay. Scintillation cocktail (4 ml) was
added to each sample and the concentration of each drug was
determined.

The effects of OH-bupropion on placental tissue were evaluated
by determining placental functional (human chorionic gonadotro-
pin [hCG] release), and viability parameters (oxygen transfer and
consumption) [23]. The concentration of hCG was determined by
an IRMA kit (Diagnostics Production Corp., Los Angeles, CA). The
amount of hCG released in control period (in absence of test drug)
was set at 100% and samples assayed for hCG during the 4-h
experimental period were expressed as percentage of initial value.
Control placentas were perfused for the 4 h experimental period in

Fig. 1. P-gp and BCRP protein expression in human placentas as determined by
western blot. The immunoblot (10 pg/lane) was probed with the monoclonal
antibody €219 for P-gp, and monoclonal antibody BXP-21 for BCRP.
Immunoreactive protein bands detected by immunoblotting were analyzed by
densitometry. Expression was determined as a proportion of the total amount of [3-
actin present per lane. There was a positive correlation between protein expression
of P-gp and BCRP (*, t=p < 0.05).

the absence of OH-bupropion for comparison. Oxygen transfer and
consumption were determined in samples collected every 15 min
from both circuits and immediately analyzed for pH, pO,, and pCO,
by a blood gas analyzer (Instrumentation Laboratory, Lexington,
MA).

Fig. 2. Bupropion transport by P-gp and BCRP. Bupropion displayed ATP-dependent
transport into placental IOVs by both P-gp and BCRP. (A) P-gp displayed apparent K,
of 0.5 £ 0.2 wM and Vi« = 6 & 0.7 pmol/mg protein*min for bupropion transport. (B)
BCRP displayed apparent K; of 3 + 2 wM and Vi, = 30 & 13 pmol/mg protein*min for
bupropion transport, with Lineweaver-Burk plot (inset). Data are presented as
mean + SEM of 4-8 experiments in a pool of 60 placentas.
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2.8. Metabolism of OH-bupropion

At the end of the 4-h experimental period, 20 ml of medium was
collected from each of the maternal and fetal reservoirs, and 10 g of
the perfused tissue was excised, homogenized and used for
extraction. Samples (2 ml) were combined with 6 ml of acetoni-
trile, shaken for 5 min, and then centrifuged for 15 min at 4 °C. The
supernatant was collected and dried under air stream at 40 °C. The
residue was reconstituted using 80 .l of mobile phase, and 50 .l
was injected into HPLC system.

The detection of metabolites of OH-bupropion (if any) was
achieved using an HPLC-Radioactive detector. The HPLC system
consisted of a Waters 1525 Binary HPLC Pump, a 717 plus
autosampler, 3-RAM Model 4 (IN/US systems, Tampa, FLA), and
controlled by Empower™2 chromatography Data Software
(Waters, Milford, Mass). The mobile phase consisted of methanol
and 10 mM ammonium acetate (pH 5.2, adjusted by 0.1 M acetic
acid). Elution was accomplished by isocratic elution with flow rate
1.0 ml/min. The separation was achieved using a Waters Symmetry
C18 column (150 mm x 4.6mm, 5 pm) connected to a Phenom-
enex C18 guard column (4 mm x 3.0mm) at ambient temperature.

2.9. Statistical analysis

Data are plotted as mean + SEM unless otherwise indicated.
Statistical significance was determined using a paired student’s t-test.

Fig. 3. Bupropion stimulation of ATP hydrolysis by P-gp and BCRP. Stimulation of
ATPase activity, as measured by inorganic phosphate release in the presence and
absence of ATPase inhibitor sodium orthovanadate (100 wM), was detected in
baculovirus-transfected insect cells expressing human P-gp (A) and BCRP (B).
Bupropion stimulated ATP hydrolysis by both P-gp and BCRP in a concentration-
dependent manner, confirming that bupropion interacts with P-gp and BCRP.

A probability of p <0.05 was considered to indicate statistical
significance.

3. Results
3.1. P-gp and BCRP expression in human placenta

P-gp protein expression was determined in 200 individual
samples of human placental brush border membranes. There was a
positive correlation between P-gp and BCRP protein expression in
human placenta (Fig. 1, p < 0.001).

3.2. Bupropion and OH-bupropion transport by P-gp and BCRP

The transport of bupropion was ATP-dependent and partially
inhibited in the presence of 600 .M verapamil (selective for P-gp
mediated transport) and 25 nM KO143 (selective for BCRP). The
kinetic parameters of its transport were: P-gp, K;=0.5 +£ 0.2 uM
bupropion and  Vj,.x =6 & 0.7 pmol/mg protein/min;  BCRP,
Ki=3 +2 wM bupropion; and V.x = 30 + 13 pmol/mg protein/min
(Fig. 2). The interaction of bupropion with P-gp and BCRP was
confirmed by stimulation of ATP hydrolysis in insect cell membranes
transfected with human P-gp or BCRP. Bupropion stimulated ATP
hydrolysis by both P-gp and BCRP in a concentration-dependent
manner (Fig. 3). Bupropion stimulated ATPase activity with a K, of

Fig. 4. OH-bupropion transport by placental IOVs. ATP-dependent transport of OH-
bupropion was determined by its accumulation in placental IOVs in the presence
and absence of an ATP-regenerating system. The accumulation was similar in the
presence and absence of ATP, indicating OH-bupropion is not a transported
substrate of P-gp or BCRP in human placenta brush border membrane. The role of
non-ATP-dependent transporters in OH-bupropion distribution cannot be ruled out
at this time. Data are presented as mean =+ SEM of 4 experiments in a pool of 60
placentas.

Fig. 5. Placental transfer of OH-bupropion. ['4C]-OH-bupropion added to the
maternal circuit at initial concentration of 470 + 17 ng/ml was perfused using
closed-closed configuration for 4 h. OH-bupropion appeared in the fetal circuit within
5 min of perfusion. The concentration of OH-bupropion in the fetal circuit at the end of
experiment reached 151 + 13 ng/ml, which represents 32 +3% of its initial
concentration in maternal circuit.
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23 + 19 wM and Vp,ax of 9.5 + 1.6 nmol Pi/mg protein*min by P-gp;
and a K, of 0.6 + 0.4 M and V. 0f 6 + 0.8 nmol Pi/mg protein*min
by BCRP.

In contrast to bupropion, OH-bupropion accumulation in
placental I0Vs was similar in the presence and absence of ATP
(Fig. 4). Thus, OH-bupropion did not exhibit ATP-dependent
transport by brush border membrane vesicles, ruling it out as a
potential substrate of the ATP-dependent transporters P-gp and
BCRP.

3.3. Transplacental transfer of OH-bupropion
['4C]-OH-bupropion was added to the maternal circuit at an

initial concentration of 470 + 17 ng/ml and was perfused using the
closed-closed configuration for a period of 4 h. OH-bupropion crossed

S.J. Hemauer et al./Biochemical Pharmacology 80 (2010) 1080-1086

the placenta in the maternal-to-fetal direction and appeared in the
fetal circuit within 5 min of perfusion (Fig. 5). The concentration of
OH-bupropion in the fetal circuit at the end of the experimental
period was 151 + 13 ng/ml, which represents 32 + 3% of its initial
concentration in maternal circuit. Values for placental viability and
functional parameters were unchanged during OH-bupropion perfu-
sion and were within the range of control placentas.

3.4. Metabolism of OH-bupropion by placental tissue

The amount of ['4C]-OH-bupropion in the perfusion medium
was determined using a radioactive detector attached online to an
HPLC system. Extraction of OH-bupropion for HPLC analysis was
achieved with 80% recovery. The elution profile revealed one peak
eluted at 10 min representing ['#C]-OH-bupropion (standard

Fig. 6. OH-bupropion (OH-BUP) metabolism by placental tissue during perfusion. OH-bupropion was not metabolized by the placental tissue during 4 h of perfusion. HPLC-
radioactive chromatograms of [ '4C]-OH-bupropion perfused in human placenta displaying (A) [ *4C]-OH-bupropion (OH-BUP) standard, (B) maternal perfusate at 240 min, (C)

fetal perfusate at 240 min, and (D) sample of perfused placental tissue at 240 min.
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compound shown in Fig. 6(A)). The single peak representing OH-
bupropion was detected in both maternal and fetal circuits and the
placental tissue after 4 h of perfusion (Fig. 6B-D). These data
indicate that OH-bupropion crosses the placenta without under-
going biotransformation by placental enzymes during the 4 h of
perfusion.

4. Discussion

The goal of this investigation was to determine human
placental biodisposition of OH-bupropion, including metabolism
and efflux by active transporters, in comparison to its parent
compound bupropion. Previous reports from our laboratory and
others revealed that bupropion is extensively metabolized by
placental tissue [11] and appears to be a substrate of placental
efflux transporters [16]. This led us to hypothesize that the
placenta “actively regulates” the maternal-fetal distribution of
bupropion. To date, the placental permeability of its active hepatic
metabolite OH-bupropion, which plasma concentration may
exceed that of bupropion, remained unknown.

Due to their localization and active role in efflux at the placental
brush border membrane [15], the trophoblast transporters P-gp
and BCRP were characterized by their protein expression and
interaction with bupropion. P-gp protein expression positively
correlated with that of BCRP in human placenta. It has been
previously reported that P-gp substrates are capable of inducing its
gene expression [26]. Thus, the evidence that P-gp and BCRP have
overlapping substrates and positive correlation of protein levels
suggest that their gene expression may regulate similarly in
human placenta.

The ATP-dependent transport of bupropion by P-gp and BCRP
was determined using placental brush border I0Vs with inhibition
by both verapamil (P-gp selective inhibitor) and KO143 (BCRP-
selective inhibitor). In our system, bupropion has higher affinity for
transport by P-gp (as evidenced by lower K;), while BCRP exhibits
greater total transport activity (Vmax). These data indicate that P-gp
and BCRP may work in parallel to extrude bupropion from the
placenta, but with distinct roles. P-gp may be the first line of
defense in fetal protection by transporting bupropion from the
fetal-to-maternal direction (its high affinity represents transport
occurs at low bupropion concentrations). BCRP may serve as a
second line of defense when bupropion concentrations are
elevated in the placental tissue.

In contrast to bupropion, ATP-dependent transport of OH-
bupropion was not detected, i.e., the accumulation of the
compound by placental I0Vs was unchanged in the presence
and absence of ATP. Since both P-gp and BCRP require ATP binding/
hydrolysis as a source of energy for active transport, lack of ATP-
dependence in OH-bupropion accumulation rules out the involve-
ment of these transporters in its placental disposition. Further-
more, OH-bupropion crossed the placenta without undergoing
metabolism by the placental tissue. The urinary glucuronide
conjugates of OH-bupropion have been previously identified [27].
However, the single peak detected in placental tissue, maternal,
and fetal perfusate matched that of the standard compound, OH-
bupropion, indicating that placental glucuronidation of this
compound during perfusion did not occur.

The concentration of OH-bupropion detected in the fetal circuit
following perfusion, reaching approximately 32% of its initial
concentration in the maternal circuit, is similar to the placental
transfer of freely-diffusible compounds nicotine and antipyrine
(30-40% transfer) [12-14]. Taken together, the lack of involvement
of active efflux transport or metabolism of OH-bupropion suggests
that, unlike the parent compound bupropion, the placenta does not
actively regulate the biodisposition of this metabolite. Additional-
ly, since OH-bupropion is present in the circulation of patients

treated with bupropion [17], its fetal exposure in pregnant patients
is likely and should be taken into consideration.

Evaluation of pharmacotherapy for the pregnant patient
seeking smoking cessation involves weighing the risk to benefit
ratio of bupropion (and its major metabolites). Although its use
during pregnancy is restricted to FDA Category C, up to 30% of
physicians have been reported to discuss pharmacotherapy for
smoking cessation during pregnancy, with up to 10% of pregnant
women reporting use of some form of it [28]. Therefore, the
plausibility of bupropion being described to pregnant patients for
smoking cessation warrants investigation of its safety. Although
OH-bupropion did not appear to adversely affect placental viability
and functional parameters, the toxicity of this active metabolite
cannot be ruled out. Hydroxybupropion demonstrates significant
pharmacologic activity, and it has been suggested that it has a role
in the neurological side effects associated with bupropion [29,30].
On the other hand, if this major metabolite has a significant role in
the therapeutic effects of bupropion, it may promote abstinence
from smoking in pregnant patients. If exposure to bupropion or its
metabolites indeed promotes abstinence from smoking during
pregnancy, it may pose less risk of fetal toxicity than the contents
of cigarette smoke which includes thousands of compounds
including carcinogens [31].

In conclusion, this investigation has demonstrated that the role
of the placenta differs in its regulation of biodisposition between
bupropion and its metabolite, OH-bupropion. P-gp and BCRP,
coexpressed in human placental brush border membrane, are
involved in the fetal-to-maternal efflux of bupropion. Furthermore,
in contrast to bupropion, its major active metabolite OH-
bupropion does not appear to be a substrate of placental metabolic
enzymes or brush border efflux transporters. Future investigations
should evaluate the genetic and environmental factors associated
with bupropion pharmacokinetics in the pregnant patient, and
their relation to its safety and efficacy as a smoking cessation
agent.
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