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Clinical Problem
Mr B is a 52-year-old man with recurrent major depressive disorder. He 

has had 3 episodes of major depressive illness during the past 20 years; the 
third episode (ie, the current one), began about 4 months ago. There was 
no improvement with citalopram (20 mg/d) and only partial improvement 
with extended-release venlafaxine after 6 weeks of treatment, with the 
dose held at 225 mg/d during the last 4 weeks. Bupropion was added 
to venlafaxine in order to enhance antidepressant response through 
pharmacodynamic synergy. However, rapid deterioration occurred rather 
than improvement: within days, Mr B became increasingly anxious, 
agitated, and restless; suicidal ideation emerged; and his blood pressure 
increased from 130/90 mm Hg before bupropion to 160/100 mm Hg a 
week after the initiation of combination treatment. What could be the 
explanation for this turn of events?

Triple Monoamine Reuptake Inhibition
At low doses, venlafaxine inhibits the reuptake of serotonin. At 

higher doses, it inhibits the reuptake of norepinephrine, as well.1 Thus, 
venlafaxine is a serotonin-norepinephrine reuptake inhibitor (SNRI). If 
a patient responds inadequately to an adequate trial of an SNRI, it could 
make pharmacologic sense to add an antidepressant drug that belongs 
to a different pharmacodynamic category. Bupropion, which inhibits the 
reuptake of dopamine and norepinephrine,2 is one such drug.

Why augment with bupropion instead of switch to bupropion? Some 
clinicians might argue that the continuation of venlafaxine carries the 
expectation that the benefits accrued with venlafaxine are not lost; after all, 
there is no assurance that bupropion will be effective in this patient. The 
addition of bupropion carries the expectation that a different antidepressant 
mechanism will add to the benefits brought about by venlafaxine.

The venlafaxine-bupropion combination will result in reuptake 
inhibition of serotonin, norepinephrine, and dopamine, that is, all 3 
of the important monoamine neurotransmitters that are classically 
implicated in depression. This combination has received some support 
in the literature.3,4

Effects of Bupropion on  
the Pharmacokinetics of Venlafaxine

There may be a favorable pharmacodynamic interaction between 
bupropion and venlafaxine in patients who do not respond sufficiently 
to venlafaxine alone.3,4 However, bupropion may also interact adversely 
with venlafaxine. Bupropion inhibits cytochrome P450 (CYP) 2D6,5 
which is the enzyme that converts venlafaxine into an active metabolite, 
desvenlafaxine (also an approved antidepressant).6 Desvenlafaxine is not 
a substrate of CYP2D6; about 45% of the drug is excreted unchanged 
in urine, about 20% is glucuronidated and excreted in urine, and about 
5% is metabolized by CYP3A4.7 Therefore, when CYP2D6 is inhibited, 
venlafaxine levels rise at the expense of desvenlafaxine. Because the 
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renal excretion of venlafaxine is small, the consequence 
is increased dose-dependent venlafaxine-related adverse 
effects.

Initial signs and symptoms of an adverse bupropion-
venlafaxine pharmacokinetic interaction could include 
features of serotonergic overstimulation, including anxiety, 
restlessness, and agitation. These symptoms may be 
associated with suicidal ideation in vulnerable patients. 
Headache may develop and blood pressure may rise as a 
result of noradrenergic overstimulation. Other adverse 
events associated with venlafaxine may also increase in 
frequency or severity when bupropion is combined with 
the drug.

Bupropion inhibition of CYP2D6 will develop 
immediately after initiation of the drug. As a result, adverse 
events can occur within days, that is, within a few half-lives 
or dosage intervals of venlafaxine. Importantly, as evident 
from the data presented later in this article, not all persons 
will experience adverse events related to the interaction. 
This is because venlafaxine will gradually rise to new steady-
state levels and because individuals will suffer adverse effects 
only if the new peak blood levels or new steady-state levels 
cross the threshold of tolerability. Levels of venlafaxine and 
thresholds of tolerability will vary widely across patients, 
and thresholds of tolerability will vary for different adverse 
effects. Therefore, the risk of adverse pharmacokinetic 
effects would correspondingly vary widely.

Evidence for Adverse Interactions  
Between Venlafaxine and Bupropion

Examples have been reported of adverse interactions when 
bupropion was used to augment venlafaxine treatment.3,4,8 
In a prospective study8 of 8 depressed patients receiving 
venlafaxine (mean dose = 244 mg/d), augmentation with 
low-dose bupropion (150 mg/d) was associated with 
treatment dropout in 1 patient after 2 weeks of combination 
therapy (reason for dropout not specified). In the remaining 
7 patients, venlafaxine levels increased 2- to 3-fold in serial 
assessments across 8 weeks of combination treatment; in 
contrast, desvenlafaxine levels dropped by about half. The 
levels of venlafaxine and desvenlafaxine combined were 

consistently higher (by about a third) during the course of 
combination treatment. Adverse events reported included 
myoclonus and tremor in 1 patient, a 10-point increase in 
diastolic blood pressure in a patient with a previous history 
of hypertension, and recurrence of lactation in a patient with 
a previous history of selective serotonin reuptake inhibitor–
associated lactation.

In a prospective case series3 of 8 difficult-to-treat bipolar 
depressed patients, bupropion (modal dose = 300 mg/d) 
augmentation of venlafaxine (225–500 mg/d) resulted in 
remission in 5 patients. One patient did not respond, 1 
patient dropped out after 3 weeks because of tachycardia, 
and 1 patient opted out of the study after 3 weeks for unstated 
reasons.

In a small, prospective case series, Paslakis et al4 described 
3 depressed patients who had insufficiently responded to 
venlafaxine alone. One patient was a CYP2D6 extensive 
metabolizer; she remitted uneventfully with bupropion 
(150 mg/d) augmentation of venlafaxine (375 mg/d). 
Another patient was a CYP2D6 poor metabolizer in whom 
the addition of bupropion (300 mg/d) to venlafaxine (150 
mg/d) resulted in an increase in blood venlafaxine levels; this 
patient reported increased inner tension as a manifestation 
of the drug interaction and later remitted uneventfully after 
the dose of venlafaxine was reduced to 75 mg/d. A third 
patient, who was a CYP2D6 normal metabolizer, received 
bupropion (300 mg/d) in addition to ongoing treatment with 
venlafaxine (375 mg/d). Venlafaxine levels increased to more 
than 5 times the baseline level, and desvenlafaxine levels also 
increased (by about a third). The patient developed tension, 
agitation, headache, and insomnia. The adverse effects 
diminished after bupropion was withdrawn and the dose of 
venlafaxine was reduced to 225 mg/d.

Other Data Suggesting a Possible Interaction
In a postmortem study of 123 cases of fatal venlafaxine 

poisoning, Launiainen et al9 reported that an interacting drug 
may have contributed to the poisoning in 46% of cases; 1 of 
these patients was identified to have received bupropion.

Risk of the Interaction in  
CYP2D6 Poor Metabolizers

About 0%–14% of the population, depending on 
geographical origin,10 is made up of CYP2D6 poor 
metabolizers, and these patients may have high levels of 
venlafaxine even before starting bupropion treatment.11 
On the one hand, bupropion could be expected to raise 
venlafaxine levels to a lesser extent in such patients because 
venlafaxine levels are already high and because there is less 
of the CYP2D6 enzyme to inhibit. On the other hand, the 
interaction could push the already high venlafaxine levels 
to new levels that are above the threshold of tolerability, 
resulting in an adverse pharmacokinetic interaction. Thus, 
there is no room for complacency; yet, there is no need for 
special concern, either, when bupropion is used to augment 
venlafaxine in CYP2D6 poor metabolizers.

In patients with partial response to venlafaxine,  ■
augmentation with bupropion may be considered, with 
the goal being “triple reuptake inhibition” of serotonin, 
norepinephrine, and dopamine. 

Because bupropion inhibits CYP2D6, the enzyme responsible  ■
for metabolizing venlafaxine, it can raise venlafaxine levels. 
In some patients, adverse effects may result, ranging from 
anxiety and restlessness to increased blood pressure. 

Should such adverse effects arise, treatment strategies  ■
include temporary withdrawal of venlafaxine or 
down-titration of the dose, using serum venlafaxine/
desvenlafaxine levels as a guide in down-titration. 
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Dealing With the Adverse Interaction
Clinicians who attempt bupropion augmentation of 

venlafaxine should be aware that this drug can raise venlafaxine 
levels. They should know that patients may develop signs and 
symptoms of serotonergic and noradrenergic overstimulation 
within days of initiation of bupropion augmentation. 
They should therefore monitor patients for such adverse 
events during the initial week or weeks of the combination 
treatment.

Should clinical features of serotonergic or noradrenergic 
overstimulation arise, the dose of venlafaxine will need to 
be down-titrated, or venlafaxine may need to be temporarily 
withdrawn and later reintroduced at a lower dose. These 
decisions are best assisted, wherever available, by an 
assessment of venlafaxine and desvenlafaxine drug levels. 
Ideally, these levels should be obtained before bupropion 
augmentation so that a baseline is available, should it be 
necessary for comparison with later levels. Baseline values 
could be especially useful in patients who are CYP2D6 poor 
metabolizers.

Effects of Venlafaxine on  
the Pharmacokinetics of Bupropion

Venlafaxine and desvenlafaxine mildly inhibit CYP2D6; 
the former, perhaps through the latter.12,13 Venlafaxine and 
desvenlafaxine do not affect CYP1A2, CYP2A6, CYP2C8, 
CYP2C9, CYP2C19, CYP3A4, and P-glycoprotein activity.14 
Bupropion is principally metabolized by CYP2B6,15,16 but 
other CYP enzymes such as 2E1,15 3A4,17 and 3A518 and non-
CYP pathways16 also play a (small) role in its breakdown. 
Bupropion is not metabolized by CYP2D6. Thus, venlafaxine 
and desvenlafaxine will not affect bupropion levels. This 
is reassuring because increased bupropion levels could 
be associated with serious adverse effects. For example, 
bupropion doses of 450 mg/d and higher have been associated 
with an increased risk of seizures.2,19

Conclusions
Clinicians who augment venlafaxine with bupropion should 

know that bupropion can raise blood levels of venlafaxine. 
This can result in signs and symptoms of serotonergic and 
noradrenergic overstimulation in some patients.

Here is a parting note: A systematic review suggested that 
an antidepressant combination strategy may be a suboptimal 
approach to major depression in incomplete responders20; 
augmentation with an atypical antipsychotic may be a better 
approach.21

REFERENCES
 1. Harvey AT, Rudolph RL, Preskorn SH. Evidence of the dual mechanisms of 

action of venlafaxine. Arch Gen Psychiatry. 2000;57(5):503–509. doi:10.1001/archpsyc.57.5.503 PubMed
 2. Stahl SM, Pradko JF, Haight BR, et al. A review of the neuropharmacology of 

bupropion, a dual norepinephrine and dopamine reuptake inhibitor. Prim Care 
Companion J Clin Psychiatry. 2004;6(4):159–166. doi:10.4088/PCC.v06n0403 PubMed

 3. Erfurth A, Michael N, Stadtland C, et al. Bupropion as add-on strategy in 
difficult-to-treat bipolar depressive patients. Neuropsychobiology. 
2002;45(suppl 1):33–36. doi:10.1159/000049259 PubMed

 4. Paslakis G, Gilles M, Deuschle M. Clinically relevant pharmacokinetic 
interaction between venlafaxine and bupropion: a case series. J Clin 
Psychopharmacol. 2010;30(4):473–474. doi:10.1097/JCP.0b013e3181e5c0e4 PubMed

 5. Kotlyar M, Brauer LH, Tracy TS, et al. Inhibition of CYP2D6 activity by 
bupropion. J Clin Psychopharmacol. 2005;25(3):226–229. doi:10.1097/01.jcp.0000162805.46453.e3 PubMed

 6. Nichols AI, Focht K, Jiang Q, et al. Pharmacokinetics of venlafaxine extended 
release 75 mg and desvenlafaxine 50 mg in healthy CYP2D6 extensive and poor 
metabolizers: a randomized, open-label, two-period, parallel-group, crossover 
study. Clin Drug Investig. 2011;31(3):155–167. doi:10.2165/11586630-000000000-00000 PubMed

 7. Lourenco MT, Kennedy SH. Desvenlafaxine in the treatment of major 
depressive disorder. Neuropsychiatr Dis Treat. 2009;5:127–136. PubMed

 8. 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. doi:10.4088/JCP.v63n0302 PubMed

 9. Launiainen T, Rasanen I, Vuori E, et al. Fatal venlafaxine poisonings are 
associated with a high prevalence of drug interactions. Int J Legal Med. 
2011;125(3):349–358. doi:10.1007/s00414-010-0461-5 PubMed

10. Zhou S-F, Liu J-P, Chowbay B. Polymorphism of human cytochrome P450 
enzymes and its clinical impact. Drug Metab Rev. 2009;41(2):89–295. doi:10.1080/03602530902843483 PubMed

11. Preskorn S, Patroneva A, Silman H, et al. Comparison of the pharmacokinetics 
of venlafaxine extended release and desvenlafaxine in extensive and poor 
cytochrome P450 2D6 metabolizers. J Clin Psychopharmacol. 2009;29(1):39–43. doi:10.1097/JCP.0b013e318192e4c1 PubMed

12. 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. Drug 
Metab Dispos. 2008;36(12):2484–2491. doi:10.1124/dmd.108.021527 PubMed

13. Nichols AI, Fatato P, Shenouda M, et al. The effects of desvenlafaxine and 
paroxetine on the pharmacokinetics of the cytochrome P450 2D6 substrate 
desipramine in healthy adults. J Clin Pharmacol. 2009;49(2):219–228. doi:10.1177/0091270008326716 PubMed

14. Oganesian A, Shilling AD, Young-Sciame R, et al. Desvenlafaxine and 
venlafaxine exert minimal in vitro inhibition of human cytochrome P450 and 
P-glycoprotein activities. Psychopharmacol Bull. 2009;42(2):47–63. PubMed

15. Faucette SR, Hawke RL, Lecluyse EL, et al. Validation of bupropion 
hydroxylation as a selective marker of human cytochrome P450 2B6 catalytic 
activity. Drug Metab Dispos. 2000;28(10):1222–1230. PubMed

16. Jefferson JW, Pradko JF, Muir KT. Bupropion for major depressive disorder: 
pharmacokinetic and formulation considerations. Clin Ther. 
2005;27(11):1685–1695. doi:10.1016/j.clinthera.2005.11.011 PubMed

17. Faucette SR, Hawke RL, Shord SS, et al. Evaluation of the contribution of 
cytochrome P450 3A4 to human liver microsomal bupropion hydroxylation. 
Drug Metab Dispos. 2001;29(8):1123–1129. PubMed

18. O’Donnell CJ, Grime K, Courtney P, et al. The development of a cocktail 
CYP2B6, CYP2C8, and CYP3A5 inhibition assay and a preliminary assessment 
of utility in a drug discovery setting. Drug Metab Dispos. 2007;35(3):381–385. doi:10.1124/dmd.106.012344 PubMed

19. Davidson J. Seizures and bupropion: a review. J Clin Psychiatry. 
1989;50(7):256–261. PubMed

20. Lopes Rocha F, Fuzikawa C, Riera R, et al. Antidepressant combination for 
major depression in incomplete responders: a systematic review. J Affect Disord. 
2013;144(1–2):1–6. doi:10.1016/j.jad.2012.04.048 PubMed

21. Connolly KR, Thase ME. If at first you don’t succeed: a review of the evidence 
for antidepressant augmentation, combination and switching strategies. Drugs. 
2011;71(1):43–64. doi:10.2165/11587620-000000000-00000 PubMed

Enter Keyword PRACTICAL
Join the online Discussion of this article at


	Table of Contents

