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Objective: The purpose of this study was to determine the extent of infant medication ex-
posure through breast-feeding during maternal treatment with paroxetine. Method: Breast
milk and paired maternal and infant sera were collected after 10 days of maternal treatment
with paroxetine at a stable daily dose (10-50 mg/day). All samples were analyzed by
means of high-performance liquid chromatography with ultraviolet detection and a limit of
detection of 2 ng/ml. Results: Breast milk paroxetine concentrations were highly variable
(2-101 ng/ml) and were present in all breast milk samples (N=108). A significant gradient
effect was observed, with greater paroxetine concentrations found in later portions of
breast milk (hind milk) than in early portions (fore milk). No clear time course of paroxetine
excretion into breast milk was demonstrated, although maternal paroxetine daily dose reli-
ably predicted both trough and peak breast milk concentrations over a 24-hour period. In
16 mother and infant serum pairs, no detectable concentrations of paroxetine were found
in the serum of the nursing infants. Conclusions: This study extends previous data by
demonstrating the presence of paroxetine in the breast milk of nursing women treated with
this medication. The low concentrations of paroxetine in infant serum and lack of any ob-
servable adverse effects after maternal use of this medication while breast-feeding paral-

lels the available data on other selective serotonin reuptake inhibitors.

(Am J Psychiatry 2000; 157:185-189)

A previous comprehensive review highlighted the
sparse data concerning the extent of infant exposure
during lactation to selective serotonin reuptake inhibi-
tors (SSRIs) (1). Case reports involving citalopram (2),
fluoxetine (3-5), fluvoxamine (6), paroxetine (7), ser-
traline (8, 9), and venlafaxine (10) have been pub-
lished. Other more extensive studies provided addi-
tional information on fluoxetine (11-13) and sertraline
(14-16) treatment. The majority of these studies have
reported either undetectable or very low serum SSRI
concentrations in the breast-fed infants.

The complex pattern of SSRI excretion into breast
milk, which demonstrates both gradient and time
course effects, has been reported for fluoxetine (11),
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sertraline (15), and venlafaxine (10). These studies
demonstrated the limitations of the milk-to-plasma ra-
tio for the purpose of comparing infant exposure across
different medications. Preliminary infant studies did
not demonstrate the alterations in growth and weight
curves (17) or infant platelet serotonin concentration
(14) associated with sertraline exposure through breast
milk. Furthermore, no alterations in neurodevelop-
ment, as assessed by the Bayley and McCarthy Scale,
were observed in four nursing infants exposed to fluox-
etine (13). However, longer-term infant follow-up stud-
ies with larger sample sizes are necessary to assess the
effects, if any, of infant exposure to SSRIs associated
with lactation. The purpose of the current study was to
characterize the breast milk excretion pattern and in-
fant serum concentrations of paroxetine during mater-
nal use of this medication while nursing.

METHOD

Subjects

Sixteen postpartum women being treated with paroxetine for ma-
jor depression participated in the current study. Nine of the nursing
women were treated at the Emory University Pregnancy and Post-
partum Mood Disorders Program, and seven nursing women were
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FIGURE 1. Mean Paroxetine Concentrations From Early to
Later Portions of Breast Milk From 61 Samples Obtained From
11 Women?
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2 Data represent 61 breast milk samples collected 8-12 hours after
maternal oral daily dose of paroxetine. Each woman submitted
three or more breast milk samples for determination of gradient ef-
fects from fore milk to hind milk. Paroxetine concentrations in-
creased from the initial portion of breast milk to the later portions
of breast milk. The initial three 10-ml aliquots were obtained from
all 11 women. Itis feasible that the diminishing cohort size after the
first 40 ml of breast milk altered the best-fit polynomial equation.

followed at the Perinatal Psychiatry Program at Massachusetts Gen-
eral Hospital. Each subject and their partner were informed of other
available treatment options (including psychotherapy, electroconvul-
sive therapy, or other antidepressants) and the unknown risks asso-
ciated with nursing during treatment with paroxetine. All subjects
who were participating in the current study requested infant serum
monitoring as part of their clinical treatment plan. Written informed
consent was obtained from all subjects for breast milk and maternal
serum collection. All subjects were treated clinically, with dose ad-
justments made on the basis of side effects, symptom improvement,
and syndrome resolution.

Sample Collection

All serum and breast milk samples were obtained after maternal
serum paroxetine concentrations had attained steady state (patients
were on a fixed-dose paroxetine regimen for longer than 10 days).
Maternal and infant blood samples were collected in Vacutainer
tubes without additives. Breast milk samples taken from the same
breast were collected in sterile polypropylene tubes with the use of
electric or manual breast pumps. Two different procedures were fol-
lowed: 1) the initial 20 ml of breast milk samples were collected after
maternal paroxetine dose at 4-6 hour intervals over a 24-hour pe-
riod to determine the relationship between time after oral dose and
breast milk concentration; 2) breast milk samples were collected in
10-ml aliquots from fore milk to hind milk to determine whether a
concentration gradient for paroxetine excretion exists. All breast
milk samples were labeled and stored in the patient’s home freezer
until transfer to the laboratory. Once received at the Emory site, the
samples were coded, stored at —80°C until assay, and analyzed blind
to maternal daily dose of paroxetine.

Determination of Breast Milk and Serum Concentrations
of Paroxetine

Breast milk sample analysis consisted of both a liquid/liquid and
solid phase extraction (100-mg EXTRASEP C18, Nalge Nunc Inter-
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national, Rochester, N.Y.) followed by high-performance liquid
chromatography separation and ultraviolet detection. Determina-
tion of paroxetine in serum requires only the solid phase extraction
procedure. The quantification was accomplished through an iso-
cratic high-performance liquid chromatography separation by using
a 100 x 2-mm stainless steel reverse phase column, 3 um, followed
by ultraviolet detection at 225 nm. The analysis was performed with
a model 1100 Hewlett Packard high-performance liquid chromatog-
raphy chemstation equipped with a diode array detector. The mobile
phase consisted of 0.02 M potassium phosphate monobasic, 110 pl
N,N-demethyloctylamine/liter, 28% acetonitrile (pH 6.83). The
flow rate of the mobile phase was set at 0.6 ml/min.

Calibration curves were constructed from medication-free human
breast milk by the addition of varying amounts of paroxetine (0.0
500 ng). A five-point standard curve and two quality control speci-
mens were included in each assay. The limit of detection was 2.0 ng/
ml. Average correlation coefficients of variation were 3% intraassay
and 8% interassay, at a concentration of 100 ng/ml.

Data Analysis

Breast milk concentration was divided by maternal serum concen-
tration to provide the milk-to-plasma ratio for each aliquot of breast
milk obtained. The effects of maternal daily dose on paroxetine
breast milk concentrations were assessed with linear regression using
minimum and maximum breast milk concentrations for each indi-
vidual. To determine the excretion gradient of paroxetine into breast
milk, the concentration for each fraction was divided by that of the
minimum observed concentration [BMg]™" (typically, the first 10-ml
aliquot) and presented as a ratio from fore milk to hind milk. The
time course was calculated in similar fashion by using the minimum
breast milk concentration [BM¢]™" (typically 22-24 hours after ma-
ternal dose). To assess the total maximum daily infant dose, polyno-
mial regression followed by integration to determine the area under
the curve for breast milk gradients, time course, and correlation with
maternal steady-state concentration were analyzed with the program
Mathematica 2.2 (Wofram Research, Inc., Champaign, I11.).

RESULTS

Sixteen postpartum women who were being treated
with paroxetine at a mean once-a-day dose of 23.1 mg/
day (SD=12) were included in the study. A total of 108
breast milk samples and 16 mother and infant serum
pairs were obtained. Women submitted breast milk
samples for both gradient and time course analysis,
which accounted for 61 and 45 of the breast milk sam-
ples, respectively. Two samples were excluded from the
final analysis as a result of incomplete labeling.

Detectable concentrations of paroxetine (2-101 ng/
ml) were present in all breast milk samples (mean=41.6
ng/ml [SD=24.7]). Excretion gradient analysis of the
breast milk paroxetine concentrations for each of the
11 subjects submitting breast milk samples (total N=
61) revealed a significant volume/aliquot-dependent
rate of excretion, with greater paroxetine concentra-
tions in later aliquots of breast milk (hind milk). The
data was best fit through third-order polynomial re-
gression (r=0.41; F=3.80, df=3, 57, p=0.02) (figure 1).

The time course of excretion into breast milk for
paroxetine, defined as the breast milk concentration at
various time points after maternal dosage, was deter-
mined for eight women from whom more than three
samples were collected in a 24-hour period (total N=
45). Each sample obtained was the initial 10-20 ml of
breast milk (fore milk) at each time point to control for
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TABLE 1. Serum Concentrations of Paroxetine in 16 Mother and Infant Pairs

Maternal Infant Age (weeks) Paroxetine Concentration (ng/ml)

Paroxetine Dose At Time At Time of Nursing Frequency  InfantWeight Maternal Infant

Pair (mg/day) Treatment Started Serum Sampling (times/day) (kg)? Serum Serum
1 10 Prenatal 5 7-8 4.3 70 <2.0
2 10 1 week 20 6-7 7.8 <2.0P <2.0
3 10 Prenatal 12 7 6.0 <2.0P <2.0
4 15 —¢ 11 6 6.8 26 <2.0
5 15 36 weeks 40 344 —c 51 <2.0
6 20 Prenatal 4.5 5-6d 4.0 37 <2.0
7 20 6 weeks 9 4d 5.9 58 <2.0
8 20 Prenatal 12 6-7 5.0 61 <2.0
9 20 —c 48.5 244 9.1 15 <2.0
10 20 —c 55.2 1-3¢ 9.1 —c <2.0
11 20 —¢ 16 5-6 —¢ 28 <2.0
12 20 Prenatal 15 4-6 3.9 —¢ <2.0
13 40 14 weeks 20 6—7 7.2 72 <2.0
14 40 —° 25 6 8.6 36 <2.0
15 40 Prenatal 46.5 64 9.5 16 <2.0
16 50 Prenatal 4 6-7 4.8 164 <2.0

a At time of serum sampling.
b Concentration in breast milk 4-51 ng/ml.

the gradient effect. In contrast to our previous data
with sertraline, a significant relationship with time
course of excretion was not observed—third order
polynomial (F=1.67, df=3, 41, p=0.19), data not
shown. However, there was a significant relationship
between maternal daily paroxetine dose and both
trough (minimum) and peak (maximum) breast milk
concentrations (figure 2).

The majority of the mother and infant serum pairs
were obtained on the same day (N=14); the remaining
two samples were collected within 7 days of each other
because of logistical obstacles that precluded same-day
sample collection. Maternal serum was obtained 2-5
hours after the daily paroxetine dose and infant serum
samples were obtained 1-5 hours after nursing. Infant
age and weight were variable across the group (mean=
21.5 weeks [SD=16.3] and 6.6 kg [SD=1.9], respec-
tively). The majority of infants (63%, N=10) were
fully breast-fed and received no supplemental nutri-
tion. All infant serum samples had undetectable con-
centrations of paroxetine (<2.0ng/ml). These data are
summarized in table 1.

Upon direct interview, the parents were asked if they
had noted any alteration in infant behavior, disposi-
tion, sleep, or activity or change in bowel movements
after starting paroxetine treatment. In addition, par-
ents were asked if the child had had regular pediatric
visits, if the pediatrician had been informed of mater-
nal paroxetine use, and if the pediatrician had made
any comments concerning growth or infant develop-
ment that warranted concern. No acute observable ef-
fects were reported for any of the 16 infants, although
formal infant assessment was not performed.

DISCUSSION

The current study confirms and extends the breast-
feeding literature by demonstrating that, similar to
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¢ Data not available.
dnfant had more than two supplemental feedings a day.

FIGURE 2. Effects of Maternal Paroxetine Dose on Minimum
and Maximum Paroxetine Breast Milk Concentrations?
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aMaternal paroxetine dose was significantly correlated with both
the minimum (r=0.88, df=43, p<0.001) and maximum (r=0.90, df=
43, p<0.001) breast milk concentrations.

other antidepressants studied to date, paroxetine is ex-
creted into human breast milk. The pattern of excre-
tion is similar to those found in our previous studies
that demonstrated higher concentrations in the more
lipophilic hind milk. In contrast to our previous report
with sertraline (15), no significant time course of par-
oxetine excretion into breast milk was demonstrated in
the current study. Without determining a peak breast
milk concentration of paroxetine over a 24-hour pe-
riod, it is not possible to significantly predict the im-
pact on infant dose by discarding a single breast-feed-
ing. The reasons for the greater variability of the
present data with paroxetine are unclear, but suggest
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that mathematical modeling of medication gradients
and time course of excretion in breast milk may be
complicated across different antidepressants. These
data also demonstrate that the milk-to-plasma ratio of
paroxetine can vary from 0.056 to 1.3, depending on
the aliquot of breast milk assayed. Clearly the milk-to-
plasma ratio can be affected both by portion of breast
milk and timing of maternal serum sampling, and as
such, this ratio may be of limited utility in estimating
the infant daily dose for paroxetine. The intricate pat-
tern of sertraline (15) and paroxetine excretion into
the complex matrix of breast milk renders direct clini-
cal application of breast milk analysis limited. Breast
milk concentration analyses provide the basis (e.g., es-
timated dose) for interpretation of infant serum con-
centrations and a mechanism to potentially reduce in-
fant exposure by discarding breast milk during peak
concentrations.

This study confirms the conclusion of others (1) that
the low concentrations of antidepressants and their
metabolites that may be present in infant serum after
exposure through nursing from mothers who use these
agents require the use of research quality assays with
well-documented lower limits of sensitivity. In contrast
to reports on other SSRIs and tricyclic antidepressants,
the infant serum concentrations were all below a more
rigorously defined limit of detection (<2 ng/ml). These
data were recently confirmed by Misri and colleagues
(18), who also failed to find detectable concentrations
of paroxetine in the serum of 25 breast-fed infants fol-
lowing analysis with gas chromatography and mass
spectroscopy and a limit of detection of less than 1 ng/
ml. Despite the inability to find detectable concentra-
tions of paroxetine in infant serum, the consistent pres-
ence of paroxetine in breast milk demonstrates that the
infant is exposed. The clinical significance of “trace”
and “undetectable” infant serum concentrations is un-
known but underscores the need to cautiously inter-
pret laboratory results described as “undetectable.”
The reporting of “0 ng/mlI”” in infant serum (16, 19)
could be misinterpreted by clinicians as suggesting a
complete absence of infant exposure to medication.
Even with the capacity to more accurately quantify in-
fant medication exposure through nursing, limited lac-
tation-specific laboratory data preclude any conclu-
sions about potential sequestration in more lipophilic
infant tissues such as the central nervous system. Given
the high degree of variation in monoamine transporter
and receptor affinity for the individual SSRIs (20-22),
definitive conclusions based on “absolute exposure”
(ng/ml) without consideration of the potential “func-
tional exposure” (percent receptor/transporter occu-
pancy) that takes into account such variability in trans-
porter and receptor affinities is premature.

It is somewhat reassuring that in the current study
no acute adverse events in the infants were reported by
the parents or by pediatricians. However, the clinical
significance of chronic SSRI exposure on neurobehav-
ioral development remains unknown and is an impor-
tant area of future inquiry.
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CONCLUSIONS

The current study provides the first detailed charac-
terization of paroxetine excretion into human breast
milk and further extends the rapidly accumulating
data on the relative safety of these medications during
lactation. These data demonstrate the complexity of
the pharmacokinetics of medication excretion into
breast milk and the extent of infant exposure based on
measurement of infant serum. This study is unique in
its sample size and the collaborative effort to standard-
ize the methodology in assay and data collection tech-
niques, which may otherwise make interpretation of
data difficult. Data that quantify infant exposure help
to define the risk/benefit assessment for puerperal
women who must weigh the relative risks of infant ex-
posure to psychiatric medication use during lactation
versus the risks of the untreated maternal psychiatric
illness.
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