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Abstract

Objective—To add to the limited data on the clinical pharmacology of antidepressants during
pregnancy, we examined the dose-corrected chiral and racemic levels (level/dose) of fluoxetine
(FLX) and norfluoxetine (NorFLX) during pregnancy and early postpartum.

Methods—The authors evaluated 17 pregnant women who received fluoxetine therapy. Doses
were recorded weekly across gestation and postpartum. At 20, 30, and 36 weeks of gestation,
during delivery, and 12 weeks after delivery, the depression level was assessed with the Hamilton
Rating Scale for Depression (HRS-D), and plasma samples were analyzed for levels of S- and R-
FLX and S- and R-NorFLX.

Results—The mean ratios of the chiral parent drug (S-FLX + R-FLX) to metabolite levels (S-
NorFLX + R-NorFLX) decreased across pregnancy. The differences were significant between 20-
36 weeks and 30-36 weeks. After delivery, the mean dose—corrected level of the active moiety S-
FLX and the mean ratio of the chiral parent drug (S-FLX + R-FLX) to metabolite level (S-NorFLX
+ R-NorFLX) significantly increased between delivery and 12 weeks postpartum. Most of the
fluoxetine-treated subjects experienced remitted depressive episodes and euthymic mood levels
during pregnancy and postpartum.

Conclusions—The findings extend earlier reports of increased antidepressant metabolism
during pregnancy and refractory metabolism after delivery. These data may inform treatment
decisions related to dosing in patients who receive fluoxetine during pregnancy.
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In the United States, 14.5% of women develop a new episode of depression during
pregnancy or the first 3 months after childbirth.> The prevalence increases across gestation
with rates in the first, second, and third trimesters of 7.4% (95% confidence interval [CI],
2.2%-12.6%), 12.8% (10.7%-14.8%), and 12.0% (7.4%—-16.7%), respectively.2 The
serotonin reuptake inhibitor (SRI) is the most commonly prescribed antidepressant class
during pregnancy; each year, 92,000 (2.8%) pregnant women receive an SRI agent (Birth
Defects Prevention Study, 1997-2002).3 Of the SRI compounds, fluoxetine is a frequent
choice for the management of major depression, obsessive compulsive disorder, panic
disorder, bipolar depression, and bulimia nervosa. However, limited pharmacologic data are
available for the disposition of fluoxetine across pregnancy and early postpartum.*>

The dose requirement for antidepressant drugs taken during pregnancy may increase for
several reasons. During pregnancy, hepatic enzyme induction accelerates drug metabolism
to increase dose requirements.*~’ Examples include nortriptyline,® which is a substrate of
cytochrome (CYP) 2D6; citalopram, a substrate of 2C19, 3A4, and 2D67~10; and sertraline,
a substrate of CYP 2D6, 2C9, 2B6, 2C19, and 3A4.19-14 High steroid hormone levels also
induce CYP activity.1®> Other changes in pregnancy may increase drug clearance; the
expanded plasma volume and total body water augment the volume of distribution of drugs.
Altered hepatic perfusion (increased portal venous return and unchanged hepatic arterial
blood flow),16 reduced plasma protein (albumin) levels that lead to decreased drug binding,
increased glomerular filtration and renal excretionl”-18 may give rise to increased dose
requirements. These changes may explain the intraindividual variability in treatment
response during the childbearing period.1?

N-demethylation of the active parent compound fluoxetine (FLX) produces the active
metabolite norfluoxetine (NorFLX), hepatic CYP 2D6, 2C9, 3A4, and, to a lesser degree,
2C19 demethylate fluoxetine.20-23 The parent compound comprises a 50:50 (racemic)
mixture of S and R isomers. The S-isomers are metabolized mainly by CYP 2D6,21:24.25 and
the R-isomers are metabolized mainly by 2D6 and 2C9.20 S-NorFLX, S-FLX, and R-FLX
are the moieties?® that contribute to the potency of fluoxetine.27:28

The expected half-life of the parent compound FLX is 2 to 4 days, and that of the metabolite
NorFLX is 7 to 15 days.28-30 The parent compound FLX reaches steady-state concentration
within 23 days.?! In patients who are slow metabolizers or patients who receive doses higher
than 40 mg daily, the half-lives of FLX and NorFLX are prolonged (S- and R-FLX, 6.1 and
9.5 days; S- and R-NorFLX, 17.4 and 6.9 days).24:30 Correlations between the dose and
steady-state concentrations indicate linear pharmacokinetics (PK) at doses less than 40 mg
daily.2® At doses of 40 to 60 mg daily, the PK is no longer linear,2° although saturation
kinetics at higher doses have not been detected.3!

We explored the dose-corrected plasma chiral and racemic fluoxetine, norfluoxetine levels
(level/dose [L/D]), and depression scores of women across gestation, delivery, and
postpartum. We assessed changes in the chiral and racemic fluoxetine, norfluoxetine, and
fluoxetine/norfluoxetine levels. Because the metabolite R-norfluoxetine is not active plus the
parent compound comprises a 50:50 (racemic) mixture of S- and R-isomers, analysis of the
parent drug—-metabolite ratios is reasonable to estimate metabolic activity.>’ We
hypothesized that: (1) dose-corrected fluoxetine/norfluoxetine levels would decrease during
pregnancy with accelerated drug metabolism, and (2) dose-corrected fluoxetine/
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norfluoxetine levels would increase after delivery during the brief refractory metabolic state.
We explored the association between dose-corrected fluoxetine/norfluoxetine levels and
depression scores across pregnancy and postpartum. To our knowledge, there are no
previous studies of chiral and racemic fluoxetine/norfluoxetine levels and depression scores
across multiple time points during the childbearing period.

MATERIALS AND METHODS

Subjects

Procedure

The University of Pittsburgh Institutional Review Board approved and annually reviewed
the protocol. All subjects provided written informed consent.

Seventeen women enrolled in a study of Antidepressant Drug Use in Pregnancy (R01
MHG60335; PI: Wisner) received fluoxetine therapy. The patients were white; they ranged in
age from 25 to 43 years (mean, 34.5 years). The authors used the Structured Clinical
Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-
IV; SCID)32 to confirm the diagnosis of major depressive disorder. Patients with alcohol or
substance abuse or dependence (based on the SCID and/or urine drug screen) or medical
conditions that could affect outcomes (such as twin gestation, pre-existing type | diabetes)
were excluded. To assess depression levels, the 17-item Hamilton Rating Scale for
Depression (HRS-D)33 was administered at each study visit.

Psychiatric episodes, depression level on the HRS-D, exposure to fluoxetine and other
drugs, and smoking were tracked with the Timeline technique.3* Measures were obtained at
study visits at 20, 30, and 36 weeks of gestation, during delivery, and 12 weeks postpartum.
Dose information was corroborated with the treating physician and/or pharmacy records for
accuracy. The subjects received fluoxetine mono-antidepressant therapy. Three women
received concurrent drugs that have not been reported to impact fluoxetine metabolism. The
concurrent drugs included trazodone intermittently for insomnia (CYP 3A4), montelukast
for seasonal allergies and mild asthma (CYP 3A4 and 2C9), levoxyl for hypothyroidism
(deiodination and conjugation), and labetolol for hypertension in pregnancy
(glucuronidation).

Laboratory Methodology

The subjects were taking stable doses of fluoxetine for 4 weeks or more before the serum
level measurements. The serum measurements were obtained 15 to 23 hours postdose to
assess steady-state concentrations. Plasma samples were analyzed in the Clinical
Pharmacology Program Laboratories (Director: JM Perel, PhD) at Western Psychiatric
Institute and Clinic, University of Pittsburgh Medical Center.

For the analysis of racemic drug, 0.5 to 1.0 mL of plasma was added to a polypropylene tube
with 10 pL of 10-pg/mL chloroimipramine (internal standard). To each sample, 0.5 mL of
0.06-mol/L carbonate, pH 10.4 buffer, and 4 mL of 1.5% isobutanol in n-heptane were
added. At this pH, the various types of drug plasma protein bindings (solubility, covalent
and ionic bonds) are broken so that the total (bound plus unbound) drug is analyzed. After
shaking and centrifugation at 3000xg, at 4°C, the organic layer is transferred to another
polypropylene tube containing 100 pL of 0.025-mol/L KH,PO, at a pH of 2.5. After
removal of residual organic solvent, 80 uL of each sample is injected via Kontron
Autosampler (Kontron USA, Poway, Calif). The analyses were performed on a Beckman
gradient liquid chromatograph (Beckman Coulter, Inc, Brea, Calif) with an SS1 500 variable
wavelength photometric detector at a wavelength of 205 nm. The column was a stainless
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steel, 120 x 4.6 mm 1.D. packed with 5-um C-18, Knauer-Nucleosil 1-100 (MACHEREY-
NAGEL Inc, Bethlehem, Pa). The mobile phase was 64.3/35.7, with a 0.02-mol/L phosphate
buffer with pH 2.5/acetonitrile (vol/vol) plus 100 pL of N-octyl-dimethylamine. Retention
times were 6.0 minutes for norfluoxetine, 7.0 minutes for fluoxetine, and 8.4 minutes for the
internal standard. The day-to-day coefficients of variation ranged from 2.5% to 6.8%. The
limit of quantitative detection was 2.0 ng/mL.

The analytical method of the chiral moieties was adapted from that described by Piperaki
and colleagues.3® The authors used a high-performance liquid chromatography (Astec, Inc,
Whippany, NJ) Chirobiotic V (vancomycin stationary phase), 5-um, 25-cm, 4.6-mm
(catalog # 11024) column with UV absorbance detection (229 nm). Ethanol solutions of
FLX and Nor-FLX stored at —75°C were used to prepare standard curves per enantiomer.
The internal standard working solution was 10 pg/mL nefazodone in ethanol to which 20 puL
(200 ng) were added to each assay tube for optimal precision and accuracy. The extraction
was shortened by re-extracting from the isobutanol/heptane layer into a small volume of 0.1-
mol/L HCI, which was dried in a centrifuge evaporator and reconstituted in the mobile phase
of 35/55/10 vol/vol ethanol/methanol/0.1% aqueous triethylamine, adjusted to pH 4.1 with
glacial acetic acid (buffer was filtered through a 0.2-um nylon-66 filter). The retention times
were 22.1 minutes for the internal standard, 34.3 minutes for S-FLX, 30.1 minutes for S-
Nor-FLX, 41.3 minutes for R-FLX, and 36.1 minutes for R-Nor-FLX. The day-to-day
coefficients of variation were 5.8%-8.5% for the medium and high control and 8.9%-10.6%
for the low control. The limit of quantitative detection was 5.0 ng/mL.

Treatment adherence is a critical component of L/D measures, depression level, and
response. One reliable method to detect adherence is by examining the standard deviation
(SD) of repeated drug levels. Higher SD values (SD >3) suggested larger variations among
the drug levels for the subject and possible inconsistent drug intake. This method accurately
predicted outcome measures that vary with nonadherence.3¢ To assess adherence, we
examined the SD of the repeated dose-corrected chiral and racemic levels.

Within each subject, there is a low variation in dose-corrected FLX and Nor-FLX levels
(high intraindividual correlations = 0.66-0.80; P < 0.001).2% Researchers noted no
significant effect of body weight on antidepressant levels10:13:37 or only small correlations
between increased body weight or body mass index and reduced dose-corrected levels of
FLX plus Nor-FLX (Spearman rank correlation coefficient = —0.23, P < 0.05 and —0.27, P <
0.01, respectively).2? Thus, we reported the unadjusted L/D values.

Statistical Analysis

The authors analyzed the repeated dose-corrected chiral and racemic fluoxetine/
norfluoxetine levels and HRS-D depression scores with general linear mixed (GLM) models
to determine the effect of timing during pregnancy or postpartum on fluoxetine/
norfluoxetine concentration and depression levels. The GLM models were estimated using
SAS/STAT software, version 9.2 (SAS Institute Inc, Cary, NC). Subjects were incorporated
into the model as random effects; the structure of the covariance matrix was assumed to be
first-order autoregressive. The authors used logarithmic transformations of the non-
randomly distributed dose-corrected levels and HRS-D scores (dependent measures) to
analyze the data. We used the 12-week postpartum time point to approximate the nongravid
time point in the GLM models. If the GLM models indicated a significant effect of time,
then post hoc Tukey tests with pairwise comparisons were used to find the specific times
with significant difference.
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RESULTS

The subjects received fluoxetine at doses of 10 to 80 mg daily (Supplemental Table A,
Supplemental Digital Content 1, which shows drug dose, chiral and racemic fluoxetine
levels, http://links.lww.com/JCP/A24). One patient (subject 11) smoked cigarettes
throughout pregnancy and postpartum. Four women reported levels of alcohol consumption
that were unlikely to interfere with hepatic metabolism (<1 drink weekly; subjects 2, 9, 6,
and 15). The mean HRS-D scores at 20, 30, and 36 weeks of gestation, during delivery, and
12 weeks postpartum measured 7.3 £ 3.3,8.7 +5.6,7.1 +3.2,8.3+5.9,and 7.6 + 6.5,
respectively. Among the 16 subjects with 2 or more repeated depression scores, 13 subjects
had remitted depression (HRS-D <8) and 3 subjects had mild to moderate depression levels
(subjects 1, 2, and 6; HRS-D 12-22).

Chiral levels were available for 9 subjects, and racemic levels were available for 8 subjects.
The drug dose, chiral and racemic FLX and NorFLX levels are reported in Supplemental
Table A (Supplemental Digital Content 1, http://links.lww.com/JCP/A24). The mean and
total dose-corrected drug levels are reported in Table 1.

Dose-Corrected Fluoxetine Levels Across Pregnancy and Postpartum

Mean dose-corrected racemic NorFLX levels changed significantly across pregnancy and
postpartum (degrees of freedom of the numerator = 4, degrees of freedom of the
denominator = 15, F = 3.07, P = 0.049; Table 1); the decrease in the racemic NorFLX levels
was significant between 30 weeks of gestation and delivery (df = 15, t = 3.27, P = 0.036).
The mean dose-corrected S-FLX levels (active moiety; num df = 3, den df = 20, F = 4.38, P
= 0.016) and the total chiral FLX (S-FLX + R-FLX) levels (num df = 3, den df = 20, F =
3.84, P = 0.026) changed significantly across antenatal and postnatal times (Table 1);
increases in the S-FLX and the total chiral FLX levels were significant between 36 weeks of
gestation and 12 weeks postpartum (S-FLX: df = 20, t = —3.46, P = 0.012; total chiral FLX:
df =20, t = —3.09, P = 0.027). Analyses indicated no significant differences in the dose-
corrected levels of S-NorFLX, R-NorFLX and the FLX racemate in follow-up (Table 1).

Parent Drug Versus Metabolite Levels

Ratios of the dose-corrected chiral parent drug (S-FLX + R-FLX) to metabolite levels (S-
NorFLX + R-NorFLX) changed significantly across pregnancy and postpartum (num df = 3,
den df = 20, F =8.12, P = 0.001; Table 1). The mean ratio of the dose-corrected chiral
parent drug to metabolite levels significantly decreased between 20-36 weeks of gestation
(df = 20, t = 3.84; adjusted Tukey, P = 0.005) and 30-36 weeks of gestation (df = 20, t =
3.11; adjusted Tukey, P = 0.026). After delivery, the mean ratio of the chiral parent drug to
metabolite levels increased significantly between 36 weeks of gestation and 12 weeks
postpartum (df = 20, t = —4.54; adjusted Tukey, P = 0.001). Analyses of the ratios of
racemic FLX to Nor-FLX levels across times did not change significantly (Table 1).

Stereoselective Disposition

The dose-corrected levels of the S-isomers (S-FLX + S-NorFLX; potent moieties) exceeded
those of the R-isomers (R-FLX + R-NorFLX; less potent moieties) by 2 to 3 times in the
antenatal and postnatal weeks (Table 1).

Relationship Between Depression Scores and Dose-Corrected Drug Levels

Using GLM models, the exploratory analyses suggested a significant negative relationship
between depression scores and dose-corrected S-FLX levels (num df =1, den df = 19, F =
8.69, P = 0.008) or chiral parent drug levels (S-FLX + R-FLX; nhum df =1, den df = 19, F =
6.39, P = 0.021), independent of the pregnancy or postpartum study visit. The Bonferroni
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correction is used for testing multiple main effects. With these exploratory analyses, the type
I error levels were not modified after correcting for the multiple comparisons.

The subjects provided chiral samples for 3.6 £ 0.5 mean visits (range, 3—4) and racemic
samples for 3.4 £ 0.9 mean visits (range, 2-5). The mean SD of the dose-corrected chiral
levels was 3.0 + 3.1 (range, 0.4-10.4), and that of the racemic levels was 1.7 + 1.2 (range,
0.4-4.2). These values were within the range of SD values that suggest sufficient treatment
adherence and adequate data for analysis from Shemesh and colleagues.3®

DISCUSSION

The main finding was that the mean ratios of the chiral parent drug to metabolite levels
significantly decreased between 20-36 weeks of gestation and 30-36 weeks of gestation.
Reduced dose-corrected levels of chiral parent drug compared with the metabolite levels
suggested that drug clearance increased during pregnancy (Table 1). This finding is similar
to earlier reports of lowered drug concentrations and accelerated drug clearance in pregnant
women? who received fluoxetine*® or short-acting antidepressants.6-10:13.37 |n contrast, the
ratios of racemic FLX to Nor-FLX levels across pregnancy did not change significantly.
Because the laboratory methods to analyze the chiral and racemic samples were reliable, the
different methods do not explain why we observed changes in the chiral ratios only. The
chiral analysis is a more refined methodology, which may be more sensitive to detect
changes in drug levels across time; additional research is needed to replicate the findings.

The dose-corrected levels of S-FLX and combined S-FLX + R-FLX increased significantly
between 36 weeks of gestation and 12 weeks postpartum. The significant increase in the
ratios of the chiral parent drug to the metabolite levels after delivery suggested that drug
clearance decreased shortly after delivery (Table 1). This finding replicated the reports of
refractory metabolism of antidepressants after delivery.4:6:10.21

Selective disposition of the fluoxetine moieties® may contribute to treatment response and
adverse effects.31 Concentrations of the bioactive S-isomers exceeded those of the R-isomers
by 2- to 3-fold across time (Table 1). This stereoselective disposition was similar to that of
nonpregnant control subjects.>2131 Increased levels of the bioactive (S)-isomers compared
with the less active (R)-isomers may explain the sustained (minimally variable)
antidepressant response.

Most of the patients (13/17) were enrolled with remitted episodes, and the rest (14/17)
remained euthymic. Even so, the data still produced a significant association between the
decreased S-FLX levels (F = 8.69, P = 0.008) or S-FLX + R-FLX levels (F =6.39, P =
0.021) and increased depression scores regardless of the time point. Relationships between
the depression levels and the other chiral moieties and racemates were not significant.
Others also were unable to detect an association between depressive symptoms and
fluoxetine concentrations across gestation.# A potential limitation in the analyses is the
missing data. We made reasonable assumptions that the data were missing at random and
used appropriate statistical methods, which do not produce biased results. The loss of power
(which can be regained only with a bigger sample size) to detect associations cannot be
corrected through the statistical analyses. With inadequate power, associations that seem to
be clinically significant are found to be not statistically significant, that is, analyses of the
racemic data.

Cytochrome variants contribute to variable response and adverse effects,31:37-39
Polymorphisms of CYP 2D6 result in slowed metabolism in 5% to 10% of white patients,
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20% to 35% of black Africans, and up to 51% of Asians.38:32 Fluoxetine prescribed at mid
to high doses (40-80 mg daily) can inhibit 2D6 activity.22:38:40 Fyture research is needed to
improve our understanding of the relationship between CYP polymorphisms and treatment
response or adverse effects during the peripartum period.3’

These findings extend earlier reports of increased antidepressant metabolism during
pregnancy and refractory metabolism after delivery. The data may inform treatment
decisions related to the dosing of fluoxetine in pregnant or postpartum women. An increased
dose is indicated if symptoms recur or worsen during pregnancy. After delivery, patients
who report increased adverse effects may require a dose reduction to the nonpregnant dose
of response or 2/3 of the final dose in pregnancy.*!

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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