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Abstract

BACKGROUND: Bupropion (BUP) is a chiral antidepressant and smoking cessation aide 

with benefits and side effects correlated with parent and active metabolite concentrations. BUP 

is metabolized by CYP2B6, CYP2C19, and CYP3A4 to hydroxy-BUP (OH-BUP), and by 

11β-hydroxysteroid dehydrogenase-1 and aldo-keto reductases to threohydrobupropion (Threo) 

and erythrohydrobupropion (Erythro), respectively. As pregnancy alters the activity of drug­

metabolizing enzymes, the authors hypothesized that BUP metabolism and BUP metabolite 

concentrations, would be altered during pregnancy, potentially affecting the efficacy and safety 

of BUP in pregnant women.

METHODS: Pregnant women (n=8) taking BUP chronically were enrolled, and steady-state 

plasma samples and dosing interval urine samples were collected during pregnancy and 

postpartum. Maternal and umbilical cord venous blood samples were collected at delivery 

from three subjects, and cord blood/maternal plasma concentration ratios were calculated. The 

concentrations of BUP stereoisomers and their metabolites were measured. Paired t-tests were 

used to compare pharmacokinetic parameters during pregnancy and postpartum.

RESULTS: No significant changes were observed in the steady-state plasma concentrations, 

metabolite to parent ratios, formation clearances, or renal clearance of any of the 

compounds during pregnancy when compared to postpartum. The umbilical cord venous 

plasma concentrations of BUP and its metabolites were 30–60% lower than maternal plasma 

concentrations.
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CONCLUSIONS: This study showed that there are no clinically meaningful differences in 

the stereoselective disposition of BUP or its metabolites during pregnancy, indicating that dose 

adjustment during pregnancy may not be necessary. The results also showed that the placenta 

provides a partial barrier for bupropion and its metabolite distribution to the fetus, with possible 

placental efflux transport of bupropion and its metabolites.

Keywords

Pharmacokinetics; Pregnancy; Bupropion

Background

Nearly 12% of women experience depression during pregnancy1 and perinatal depression 

is associated with several adverse pregnancy outcomes, including preterm birth and small 

for gestational age neonates.2 Moreover, over 12% of women smoke during pregnancy,3 

which is associated with multiple adverse pregnancy outcomes, including stillbirth,4 preterm 

premature rupture of membranes, and placental abruption.5 Bupropion (BUP) is prescribed 

as a smoking cessation aide and is the second most common antidepressant used by women 

of reproductive age in the United States.6 A 2019 meta-analysis of 14 studies assessing 

the safety of BUP use in pregnancy found no negative impact in terms of congenital 

anomalies, birth weight, or preterm birth.7 Given the lack of evidence harm of BUP in 

pregnancy, coupled with the high rates and known risks of both depression and smoking 

during pregnancy, BUP may be a useful medication to safely and effectively treat these 

conditions during pregnancy, thus mitigating disease-related risks.

The therapeutic effects of BUP as an antidepressant and smoking cessation aide correlate 

with the circulating concentrations of BUP stereoisomers and their active metabolites.8–12 

Side effects such as dry mouth, insomnia, and seizures are also more likely with higher BUP 

and metabolite concentrations.13,14 These strong concentration-effect relationships suggest 

that if BUP disposition is altered during pregnancy this may lead to altered therapeutic 

efficacy and/or side effect profile.

BUP is administered as a racemic mixture of S- and R-bupropion, which undergo chiral 

inversion.15 The circulating concentrations of R-BUP are 3- to 6-fold higher than that of 

S-BUP.16,17 BUP metabolites, hydroxybupropion (OH-BUP), threohydrobupropion (Threo), 

and erythrohydrobupropion (Erythro), show plasma concentrations that exceed BUP 

concentrations by 3–30-fold.8,17,18 Concentrations of metabolite stereoisomers differ, with 

R,R-OH-BUP exposures up to 65-fold higher than S,S-OH-BUP.17 OH-BUP is formed by 

cytochrome P450 enzymes CYP2B6, CYP2C19, and CYP3A4, while CYP2C19 forms 4’­

hydroxy-bupropion (4’OH-BUP).18–20 Threo and Erythro are formed by 11β-hydroxysteroid 

dehydrogenase-1 (11β-HSD-1) and aldo-keto reductase(s) (Figure 1).21–23 Threo and 

Erythro are further cleared by CYP2C19, which forms 4’-OH-eryhtrohydrobupropion 

(4’OH-erythro) and 4’-OH-threohydrobupropion (4’OH-threo), and all metabolites are 

further glucuronidated, with the largest fractions of glucuronidation observed for OH­

metabolites.20
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Pregnancy may lead to number of changes that can impact the pharmacokinetics of 

medications, including altered absorption, distribution, metabolism, and renal clearance,24 

which can alter the efficacy and maternal and fetal safety of drugs. CYP2B6, which 

catalyzes the formation of OH-BUP,15 is induced by estradiol in vitro.25–27 Given the 

elevated circulating concentrations of estradiol during pregnancy, CYP2B6 expression 

was predicted to increase by up to 1.9-fold during pregnancy.26 In contrast, the effect 

of pregnancy on CYP2C19 is currently not well defined. In vitro studies suggest 

downregulation of CYP2C19 expression by estrogens.28 This may impact BUP and its 

metabolite disposition, which are metabolized by CYP2C19, as human studies also show 

decreased clearance of the CYP2C19 substrate proguanil during pregnancy compared to 

postpartum.29 However, the concentrations of escitalopram, a CYP2C19 substrate, were 

not significantly altered during pregnancy compared to baseline suggesting that CYP2C19 

activity may remain unaltered during pregnancy.30 Despite the potential changes and their 

clinical significance, few studies have investigated BUP pharmacokinetics during pregnancy.

In a study with 28 healthy, pregnant women taking BUP for therapeutic purposes, no 

differences were observed in the oral clearance of BUP, OH-BUP/BUP metabolic ratio, 

renal clearance of BUP and its metabolites during early pregnancy when compared to late 

pregnancy, or renal clearance of BUP in late pregnancy when compared to postpartum.31 

The lack of changes in the OH-BUP/BUP metabolic ratio, which has historically been used 

as a measure of CYP2B6 activity, is unexpected given the changes in CYP2B6 expression 

previously described in vitro with exposure to estrogens. The stereoselective disposition of 

BUP and its metabolites was not addressed despite the known stereoselective metabolism 

and different contributions of CYP2B6 to the clearance of S- and R-BUP.20

In addition to understanding the pharmacokinetics of BUP during pregnancy, fetal exposure 

to BUP and its metabolites should be established to inform clinical decisions. An in vitro 
study evaluating placental metabolism of BUP showed that the placenta metabolizes BUP 

to OH-BUP, Threo, and Erythro, with Threo and Erythro formation several-fold higher than 

OH-BUP. This indicates that the primary metabolic pathway for BUP biotransformation in 

the placenta is via reduction.32 In a clinical study of 22 healthy, pregnant women taking 

BUP for therapeutic purposes, BUP, OH-BUP, and Threo were found to cross the placenta 

and were measured in both amniotic fluid and umbilical cord blood.33 The amniotic fluid 

concentrations of Threo were higher than those in the umbilical cord blood. Neither the in 
vitro nor in vivo studies have evaluated the stereoselective fetal disposition of BUP or its 

metabolites.

The goal of this study was to determine whether the circulating concentrations of BUP and 

its metabolite stereoisomers are altered during pregnancy when compared to postpartum 

in women taking BUP for therapeutic reasons, with the hypothesis that CYP2B6 mediated 

clearance of BUP to OH-BUP would be significantly increased during pregnancy compared 

to postpartum. Furthermore, the umbilical cord/maternal plasma concentration ratio was 

determined for BUP and its metabolites as a marker of fetal exposure.
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Materials and Methods

PARTICIPANTS AND STUDY PROTOCOL

The study was approved by the University of Washington Institutional Review Board. 

Pregnant women chronically taking BUP for therapeutic purposes at the time of enrollment 

were recruited. The dosing regimen was not changed for the study, and subjects took their 

BUP at the same time as they had prior to entry into the study. Inclusion criteria were 

pregnant subjects age 18–45 years old; currently in good health with normal liver, kidney, 

gastrointestinal, and heart functions; taking BUP for therapeutic reasons. Exclusion criteria 

were subjects with a history of liver, kidney, or heart disease; taking chronic medications 

that are known inducers or inhibitors of CYP2B6. Subjects were consented separately for 

pregnancy and postpartum blood and urine sampling and for labor and delivery blood 

sampling and were enrolled after providing written consent.

At the time of enrollment, a buccal swab from each subject was collected using Cyto­

pak cytosoft brushes (Medical Packing, Camarillo, CA) for genotyping for CYP2B6 

and CYP2C19 polymorphisms. During each trimester of enrollment and at 6–12 weeks 

postpartum, a single steady-state blood sample and dosing interval urine were collected from 

each subject. For subject 6, the postpartum sample was drawn early, at 4 weeks 4 days, 

owing to personal life circumstances. For subjects who took their BUP in the morning, 

samples were collected 1.5–7 h after dosing; for subjects who took their BUP in the evening, 

sampling was done 11–15 h after dosing. All blood samples were collected in heparinized 

BD Vacutainer tubes (Becton, Dickinson and Company, Franklin Lakes, NJ) and plasma 

was separated by centrifugation for 10 min at 1,000 g at 4°C. For dosing interval urine, the 

voided samples for a given dosing interval were combined to obtain a homogenous dosing 

interval sample for concentration measurement. Urine output and volume were noted. Three 

subjects were also enrolled for the labor and delivery sample collection, which included a 

single maternal blood sample and umbilical cord venous blood sample. All samples were 

stored at −80°C until analysis.

DNA EXTRACTION AND GENOTYPING

Genomic DNA was extracted from buccal swabs using a QIAamp DNA Mini 

Kit (Qiagen Science, Germantown, MD) in accordance with the manufacturer’s 

instructions. Subjects were genotyped for 3 single nucleotide polymorphisms (SNPs) 

that result in common CYP2C19 variant alleles: 681G>A (CYP2C19*2), 636G>A 

(CYP2C19*3), and −806C>T (CYP2C19*17),34 and 4 SNPs that result in common 

CYP2B6 variant alleles: 64C>T (CYP2B6*2), 1459C>T (CYP2B6*5), 516G>T (core 

SNP for CYP2B6*6 appearing in low frequency alleles including *9), and −82T>C 

(CYP2B6*22),35,36 using a Stepone Plus real-time PCR, Taqman primers and probes 

(assay IDs: C__25986767_70; C__27861809_10; C____469857_10; C___2818162_20; 

C__30634242_40; C___7817765_60; C__27830964_10), and Taqman reagents, in 

accordance with the manufacturer’s recommendations (Applied Biosystems, Foster City, 

CA).37
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ANALYSIS OF BUP, BUP METABOLITES, AND CREATININE IN HUMAN PLASMA AND 
URINE

For the nonchiral and chiral plasma analyses, plasma was spiked with an internal standard 

mixture to a final racemic concentration of 10 μM OH-bupropion-d6, 1 μM bupropion-d9, 

and 2 μM threohydrobupropion-d9. Samples were vortexed, protein precipitated with a 

40-fold excess of 3:1 acetonitrile:methanol, and centrifuged for 40 min at 3,000×g. The 

supernatant was transferred to autosampler vials for detection and quantification by liquid 

chromatography-tandem mass spectrometry (LC-MS/MS) as described previously.37 The 

details of the LC-MS method are provided in Supplemental materials and Supplemental 

Table 1. For the nonchiral urine analysis of OH-BUP, Threo, Erythro, and the 4’OH­

metabolites, urine samples were spiked with internal standard to a final concentration of 

10 μM OH-BUP-d6 (internal standard for 4’OH and OH-BUP) and 1 μM threo-d9. Samples 

were vortexed, protein precipitated with a 20-fold excess of 3:1 acetonitrile:methanol, and 

centrifuged for 40 min at 3,000×g. For the chiral analysis, urine samples were prepared 

as described above; however, 1μM bupropion-d9 was included in the internal standard 

mixture. In addition, urine samples were processed with glucuronide deconjugation using 

an acidification method, as previously described to determine the total amount of the 

metabolites excreted into urine over a dosing interval.20 A subset of samples was analyzed 

by LC-MS/MS in independent runs, serving as internal quality controls and all measured 

values (n=1–3) were averaged as a single concentration value. Urine and plasma creatinine 

were quantified by the Clinical Chemistry Laboratory at the University of Washington 

Medical Center, Department of Laboratory Medicine, Seattle, WA, using the Beckman AU 

System.

PHARMACOKINETIC ANALYSIS

The primary outcome was to compare the steady-state plasma concentrations of BUP and 

its metabolites between pregnancy and postpartum. For all calculations, a single blood draw 

was assumed to reflect the average steady-state concentration as subjects were taking an 

extended-release formulation, and BUP and metabolite half-lives are sufficiently long to 

minimize concentration fluctuations over the dosing interval. The concentration at steady­

state (Css) in μmole/L was dose-normalized to Css in μM/g by calculating Css/Dose, where 

Dose is the amount of BUP in grams per dosing interval. For BUP, racemic plasma values 

were used as BUP undergoes chiral inversion, confounding interpretation of individual 

stereoisomer concentrations. For one subject, the Css of S,S-OH-BUP was not quantifiable in 

the postpartum sample. For this subject, the S,S-OH-BUP concentration was defined as 25% 

of the lowest standard curve concentration for statistical analysis. The total amount of each 

compound excreted unchanged (Ae) over a dosing interval was determined by multiplying 

the concentration of the compound in urine by the total volume of urine collected over the 

dosing interval. The overall amount of a given metabolite recovered in urine over a dosing 

interval was calculated based on urine concentrations measured after acid deconjugation. 

For each metabolite, the formation clearance (CLf) was calculated using the total amount 

of the metabolite following acid deconjugation recovered in urine, divided by the Css of the 

compound from which the metabolite is derived. For each compound, renal clearance (CLR) 

and creatinine clearance were calculated by dividing the amount of unchanged compound 

excreted in the urine per collection interval by the Css of the compound. The estimated 
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filtration clearance of each compound was calculated from the unbound fraction in plasma38 

and estimated glomerular filtration rate (GFR; from CLCr).

STATISTICAL ANALYSIS

A power calculation using the variability detected previously in stereoselective BUP 

kinetics16 was performed and determined that 7 subjects would be needed to achieve 90% 

power to detect a 50% decrease in BUP plasma concentrations, with an alpha of 0.05. 

A 50% change in circulating concentrations of any active entity was considered clinically 

relevant. This power calculation was conservative as it does not account for the added power 

of paired analysis.

Results are expressed as the geometric mean and range. The data was log-transformed for 

statistical analysis but reported as the non-transformed results. Paired t-tests were used to 

evaluate the significance of changes in pharmacokinetic parameters calculated in the second 

(T2) or third (T3) trimesters when compared to the postpartum values in individual subjects. 

Statistical analyses were performed using GraphPad Prism version 8.3 (GraphPad Software, 

San Diego, CA). For statistical analysis, subject 7 was excluded due to changes in her 

prescribed dosing regimen postpartum and concern for patient compliance. However, she 

was included in the analysis of samples collected during labor and delivery as she was 

inpatient during that time and confirmed to be taking the medication as prescribed.

Results

DEMOGRAPHICS AND GENOTYPING INFORMATION

Eight patients were enrolled in this study. Patient demographics, including BUP dosing 

regimens, pertinent medical conditions, co-medications, and genotyping information, are 

summarized in Table 1. T2 samples were collected from six subjects, T3 samples were 

collected from six subjects, and labor and delivery (L&D) samples were collected from 

three subjects. Postpartum samples were collected from all eight subjects. For patients who 

participated in the L&D sample collection, delivery information and time from the last dose 

until delivery is shown in Table 1.

EFFECT OF PREGNANCY ON BUPROPION PHARMACOKINETICS

Dose-normalized steady-state concentrations of racemic BUP and metabolites in T2 

and T3 were unchanged during pregnancy when compared to postpartum (Table 2). 

Considerable inter-subject variability was observed between individuals. As expected 

from knowledge of BUP and BUP metabolite disposition in non-pregnant subjects,8,17,18 

OH-BUP concentrations were up to 28–33-fold higher than those of BUP, with R,R-OH­

BUP having steady-state concentrations 16–18-fold higher than S,S-OH-BUP. Erythro 

concentrations were similar to BUP while Threo circulated at steady-state concentrations 

about 8–10-fold higher than BUP. No significant changes in the metabolite to parent 

steady-state concentration ratios were observed during either T2 or T3 when compared 

with matched postpartum values (Table 2). Similarly, no changes in the formation clearances 

(CLf) of OH-BUP, 4’OH-BUP, Threo or Erythro were observed (Table 2).
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The average creatinine clearance (CLCr) was 153.6±49.3 mL/min for T2, 

145.0±54.1mL/min for T3, and 117.7±48.4mL/min for PP. The CLCr in T2 was higher 

compared to PP (p=0.0436) while in T3 CLCr was not significantly greater compared to 

PP (p=0.5693). Despite the increased CLCr in T2, there was no significant difference in 

renal clearance (CLR) for BUP and its metabolites in T2 and T3 compared to PP (Table 2). 

There was also no difference in the ratio of renal clearance to creatinine clearance in T2 

and T3 compared to PP. The observed renal clearance of bupropion and its metabolites (with 

the exception of Threo in T2) was lower than the estimated unbound filtration clearance, 

supporting effective reabsorption of BUP and metabolites in the kidney.

FETAL EXPOSURE TO BUPROPION AND ITS METABOLITES

For the L&D samples, we found that all metabolites were quantifiable within the umbilical 

cord venous plasma, but at lower concentrations than maternal plasma (Figure 2). RR-OH­

BUP had the lowest fetal to maternal ratio (0.4±0.1), with Threo had the highest (0.7±0.1), 

thus suggesting differential fetal exposure to metabolites.

Discussion

Given the known differences in clinical responses and side effect profiles of BUP and its 

metabolites, including the metabolite stereoisomers, the aim of this study was to elucidate 

whether the pharmacokinetics was altered during pregnancy. The current study found that 

the oral clearance of BUP (assessed based on Css) was not different during pregnancy when 

compared to 6–12 weeks postpartum, and steady-state plasma concentrations of BUP and 

its metabolites, including stereoisomers, were not significantly altered, suggesting that BUP 

dose adjustments during pregnancy may not be necessary. These findings are consistent with 

previous data in pregnant women, indicating that racemic BUP disposition is unaltered 

during pregnancy.31 Overall the concentrations of BUP and its metabolites measured 

postpartum were similar (means within about 40% of each other) to concentrations 

measured in healthy volunteers at steady-state,40 supporting the assumption of this study 

that single time point plasma concentrations reflect the average steady-state concentrations. 

Similarly, the relative exposures of the metabolites in relation to BUP were consistent 

with previous studies. In non-pregnant subjects, the steady-state concentrations of racemic 

OH-BUP and Threo were 28- and 5-fold higher than racemic BUP, respectively. Erythro 

concentrations were similar to BUP concentrations.17 This was also demonstrated in the 

current study in pregnant women where OH-BUP and Threo concentrations were 30- and 

10-fold higher than BUP, while Erythro concentrations were similar. The current study 

also confirmed the stereoselective disposition of OH-BUP with the R,R-OH-BUP steady 

state concentrations 14–20-fold higher than S,S-OH-BUP. However, this difference between 

stereoisomers is smaller than previously reported in non-pregnant populations. Previous 

studies in non-pregnant subjects have found R,R-OH-BUP concentrations 40–65-fold higher 

than S,S-OH-BUP.16,17,40 It is possible that the smaller difference between S,S-OH-BUP 

and R,R-OH-BUP concentrations observed in this study reflects differences between patients 

and healthy volunteers or differences in formulations used and absorption kinetics and 

should be explored further. This is an important finding as S,S-OH-BUP has been shown to 
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be more effective in improvement of depression, and antagonism of acute nicotine effects, in 

mouse models.8,9

There were no differences in metabolite to parent steady-state concentration ratios at T2 

and T3 when compared to 6–12 weeks postpartum, suggesting no changes in metabolite 

formation and/or elimination clearance. However, both formation and elimination clearances 

of metabolites may be impacted, resulting in a lack of observable differences in the 

concentration ratio. For example, both CYP2B6 activity and glucuronidation of the 

metabolites could be induced during pregnancy. Nevertheless, no differences were observed 

in the CLf of any metabolite, although a trend toward increased OH-BUP CLf was observed 

(Table 2, p=0.16 and p=0.23). The lack of significance in the CLf of OH-BUP may be 

because multiple CYPs contribute to OH-BUP formation (Figure 1), of which some may 

be induced and others downregulated during pregnancy, or due to the limited power of the 

current study to detect a <2-fold change in CLf. As such, this study cannot overrule the 

potential induction of CYP2B6 during pregnancy. The lack of changes in CLf of 4’OH-BUP 

was surprising, as CYP2C19, which forms this metabolite, was expected to have decreased 

activity during pregnancy. The collected data suggest that CYP2C19 activity may not be 

reduced during pregnancy, a finding consistent with the lack of impact of pregnancy on 

escitalopram concentrations.30 Given that the metabolites have different clinical activity, 

as well as side effect profiles, the lack of changes in metabolite concentrations during 

pregnancy further supports that BUP dose adjustments are not needed in pregnancy.

The data showed the expected increase in CLCr in T2 compared to postpartum, but did not 

find a significant difference in T3 when compared to postpartum. This was unexpected, as 

generally it is considered that CLCr, an accepted method for estimation of GFR, increases 

for the duration of pregnancy, before decreasing back to the non-pregnant levels in the 

postpartum period.41 This was demonstrated in a meta-analysis of 29 studies that found 

that CLCr increased progressively during pregnancy until 15–21 weeks of gestation, then 

remained elevated when compared to pre-pregnancy values, but to a lesser extent than 

early pregnancy until 29–35 weeks of pregnancy, followed by a non-significant decrease 

at 36–41 weeks of gestation.42 In the current study, all subjects who had a T3 sample 

had it collected in the 34–35th week of gestation, nearing the gestational age where we 

might expect non-significant decrease based on the meta-analysis. A prior study specifically 

evaluating GFR in normal pregnancies, as well as pregnancies complicated by diabetes or 

gestational hypertension, has reported that the GFR remained elevated by 40% throughout 

pregnancy and reduced to levels similar to those in non-pregnant women within 1 month 

postpartum in both normal pregnancies, as well as those complicated by diabetes.41 Given 

that the GFR changes during pregnancy were similar to those in normal pregnancies, and 

those with diabetes, this suggests that, in the current study, diabetes in some subjects 

should not have confounded the analysis of changes in GFR during pregnancy. The data 

obtained in the current study, together with the previous meta-analysis, suggests that there 

may be some normalization of CLCR to non-pregnant baseline values that occur in T3, 

potentially earlier than previously demonstrated, thus rendering renal clearance in the later 

T3 increasingly similar to that in the non-pregnant state. This may have significant clinical 

implications for medication safety during pregnancy. For medications that undergo renal 

clearance, especially those for which therapeutic drug levels are critical for efficacy or 
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safety, clinicians may need to initially increase dosing during pregnancy, but then begin 

to decrease dosing in T3, as renal clearance becomes more similar to that observed in the 

non-pregnant state. Further research on renal clearance changes in pregnancy are warranted 

to clarify these temporal changes.

Despite the significant increase in CLCR in T2 compared to postpartum, no difference was 

observed in renal clearances of BUP or its metabolites during T2 when compared to that 

postpartum, or in T3 when compared to that postpartum. Moreover, when the observed 

renal clearance was compared to the estimated filtration clearance of each compound, the 

observed renal clearance was significantly lower than filtration clearance for the metabolites 

during T2 and T3 (except for Threo in T2), and for R,R-OH-BUP and Erythro postpartum. 

This suggests that BUP metabolites undergo significant net reabsorption in the kidney. The 

water reabsorption processes may be altered in the kidney during pregnancy to maintain 

appropriate homeostasis, and this also impacts renal clearance of permeable drugs like BUP 

by increasing passive reabsorption processes during pregnancy. These changes in water 

reabsorption could, in turn, decrease the observed changes in renal clearance driven by 

increased GFR for highly permeable drugs.

The current study found that BUP and its metabolites cross the placenta, with lower 

concentrations observed in the umbilical cord venous plasma than the maternal plasma for 

all metabolites. This has been seen in prior ex vivo43,44 and in vitro studies.33 We found 

that concentrations of Erythro were similar to those of BUP in the umbilical cord venous 

plasma, while concentrations of OH-BUP and Threo were higher than those of BUP. This 

is consistent with a prior study, which reported that OH-BUP and Threo concentrations 

in the umbilical cord plasma are higher than BUP.33 Furthermore, this parallels what is 

observed in terms of the steady-state concentrations of BUP and metabolites in the maternal 

plasma. However, when directly comparing the fetal to maternal steady-state concentration 

ratios, R,R-OH-BUP showed the lowest ratio, while Threo showed the highest. This suggests 

possible differences in the metabolism of BUP to Threo in the placenta or efficient efflux 

transport of R,R-OH-BUP within the placenta. The specific formation of Threo in the 

placenta is supported by a prior in vitro study reporting that BUP is metabolized to 

OH-BUP, Erythro, and Threo in human placentas, with rates of formation of Erythro and 

Threo exceeding that for OH-BUP by several-fold.32 Collectively, this suggests greater fetal 

exposure to the metabolites than the parent drug and further indicates that metabolism 

and/or transport processes in the placenta impact fetal exposure.32,43–45 This is important 

for clinicians and patients to consider as studies have shown that the metabolites are both 

clinically active and also related to side effect profiles. Therefore, elucidating the fetal 

exposure not only to the parent drug but also to the metabolites will help better understand 

the safety and potential exposures and risks to the fetus. It also highlights the need for future 

studies specifically examining placental-mediated metabolism and transport mechanisms, to 

best understand how the placenta impacts fetal exposures to the parent drug and metabolites, 

and how this could be impacted by other medications with potential drug-drug interactions.
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Conclusion

Overall, no significant differences were observed in pharmacokinetic parameters of BUP 

or its metabolites during pregnancy when compared to postpartum. Specifically, there was 

no difference in steady-state concentrations, parent to metabolite ratios, or CLf, suggesting 

that dose adjustments are not required in pregnancy. Interestingly, renal clearance did not 

increase as expected during T3 when compared to postpartum. BUP and its metabolites 

were all found to cross the placenta but were present at lower concentrations in fetal 

circulation than in maternal circulation, indicating that the placenta provides a partial barrier 

against BUP and metabolite distribution in the fetus, with possible differences in placental 

metabolism and/or transport.
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Figure 1. 
Metabolic pathways of bupropion stereoisomers. Bupropion is administered as a racemic 

mixture and undergoes chiral inversion and stereoselective metabolism. Furthermore, it 

undergoes extensive glucuronidation. AKR, Aldo-keto reductase.
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Figure 2. 
Umbilical cord venous plasma to maternal plasma concentration ratio of bupropion and its 

metabolites at steady-state at the time of delivery. Individual symbols represent individual 

subject’s value points and the mean and standard error (SE) of measurement are shown. 

Triangles show data for subject 1, squares data for subject 7, and circles data for subject 8, 

from among the subjects shown in Table 1. The mean±SE umbilical cord venous plasma 

steady-state concentrations (μM/g) and the maternal plasma steady-state concentrations 

(μM/g) were: BUP 0.2±0.1 vs. 0.5±0.2; S,S-OH-BUP 0.4±0.2 vs. 0.8±0.6; R,R-OH-BUP 

6.4±3.1 vs. 19.1±12.0; Threo 3.7±4.3 vs. 4.9±5.3; Erythro 0.3±0.3 vs. 0.5±0.5.
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