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Objective: This study characterized in-
fant drug doses and breast-milk-to-plasma
area-under-the-curve ratios for olanzapine
and determined plasma concentrations
and effects of this drug on breast-feeding
infants.

Method: Seven mother-infant nursing
pairs were studied. Olanzapine was mea-
sured in plasma and milk with high-per-
formance liquid chromatography over a
dose interval (for six patients) or at a sin-
gle time after dose ingestion (for one pa-
tient) at steady state. Infant drug expo-
sure was estimated as the product of an
assumed milk production rate and aver-
age drug concentration in milk, normal-
ized to body weight, and expressed as a
percentage of maternal drug dose, nor-
malized to body weight.

Results: The median infant dose of olan-
zapine ingested through milk was 1.02%
of the maternal dose; the median milk-to-

plasma area-under-the-curve ratio was
0.38 for the six patients with data col-
lected over the dose interval. Correspond-
ing values in the patient with single-point
data were 1.13% and 0.75. Olanzapine
was not detected in the plasma of the six
infants with an evaluable plasma sample.
All of the infants were healthy and experi-
enced no side effects.

Conclusions: Breast-fed infants were ex-
posed to a calculated olanzapine dose of
approximately 1%—well below the 10%
notional level of concern. In infant plasma,
olanzapine was below the detection limit;
there were no adverse effects on the in-
fants. These data support the use of olan-
zapine during breast-feeding. However,
the authors recommend that breast-fed in-
fants be monitored closely and the deci-
sion to breast-feed be made after individ-
ual risk-benefit analysis.

(Am J Psychiatry 2003; 160:1428-1431)

O lanzapine is an atypical antipsychotic agent that
acts as an antagonist mainly at dopamine Do, serotonin 24,
and acetylcholine receptors in the CNS (1, 2). It is well ab-
sorbed orally but has some first-pass metabolism, which
gives it an oral availability of 60.0%—-80.0% (3). Peak plasma
drug concentrations occur approximately 5 to 8 hours after
an oral dose (4, 5). Olanzapine is metabolized extensively
in the liver through oxidation (by means of cytochrome
P450 [CYP] enzymes CYP 1A2 and CYP 2D6 and flavin
mono-oxygenase) and subsequent conjugation (glucu-
ronidation) (6). At least 10 metabolites have been identi-
fied, but they either are pharmacologically inactive or have
only weak activity in vitro (2, 7). Plasma protein binding is
>90.0% and is independent of concentration (8). The 3-
phase volume of distribution is 16.4 liter/kg, and oral clear-
ance ranges from 12 to 47 liter/hour (7, 8). Elimination
half-life ranges from 21 to 54 hours and varies with age,
gender, smoking status, and co-medications (7-10).

The incidence of psychiatric disorders is at its peak dur-
ing the postpartum period, with up to 20% of mothers af-
fected (11). In particular, the rate of postpartum psychosis
(largely bipolar mood disorder) is high (12), with most
cases occurring within the first month after delivery (13).
As a newer atypical antipsychotic agent, with effects on
both positive and negative symptoms of schizophrenia (5)
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and an improved side effect profile (14), olanzapine offers
advantages over older antipsychotics. Another important
feature is that it has less propensity to raise prolactin con-
centrations, which indicates that premenopausal women
are likely to be more fertile when taking olanzapine than
typical antipsychotics (14). Olanzapine may also contrib-
ute to mood stabilization in patients with bipolar disorder
(15) and is therefore of particular value in postpartum
manic and mixed mood states.

The use of olanzapine in the treatment of postpartum
psychosis has been limited by sparse data on its transfer
into breast milk (16) and on the effects of exposure to the
drug on a suckling infant (17). Two other reports of olanza-
pine use in human lactation (17, 18) have been published.
None of the three infants had adverse effects that were
attributed to olanzapine exposure. Pharmacokinetic anal-
yses for determination of olanzapine concentrations in
maternal blood and milk were not reported. However,
olanzapine was not detected (limit of detection=2 pg/li-
ter) in two blood samples taken from one of the suckling
infants (18).

This article describes the extent of infant exposure to
olanzapine in seven breast-feeding women and briefly
documents their infants’ health and development.
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Method

Seven breast-feeding women and their infants were enrolled in
the study. The study design was approved by the research and
ethics committee of King Edward Memorial and Princess Marga-
ret Hospitals, Western Australia, and by the Canterbury ethics
committee, Christchurch, New Zealand. Written informed con-
sent was obtained from all participants.

Venous blood samples (5-10 ml, heparinized) were collected
from six of the women either with a forearm catheter or by veni-
puncture five to seven different times across a dose interval of 12
or 24 hours. At approximately the same time intervals, milk sam-
ples were obtained with an electric breast pump, and aliquots
(10-15 ml) were retained for drug assay. Milk was collected by one
of two methods that attempted to provide a mean estimate of
olanzapine concentrations in milk over an expression/feeding
period. Subjects A—C emptied their breasts of milk, the milk was
mixed, the volume was recorded, and a sample from each expres-
sion was retained for analysis. Subjects D-F provided milk sam-
ples pre- and postfeeding; equal volumes were mixed together in
the clinic, and this sample was retained for analysis. For three
subjects, the entire study was conducted in the hospital, while
plasma and milk sampling after 8 hours occurred in the homes of
the remaining three. For the seventh woman, a single set of pre-
and postfeeding milk samples was collected, together with a
plasma sample, 18 hours after her morning drug dose. Six of the
women gave consent for a venous blood sample (0.5-2.0 ml, hep-
arinized) to be taken from their infants. Infant health and well-be-
ing were evaluated by inquiry of all the mothers, together with a
clinical examination by a specialist neonatologist or general prac-
titioner (patients B, C, D, E, E and G) using developmental screen-
ing and assessment instruments (19), the Denver Development
Screening Test (20), or a Griffiths developmental assessment (21)
in five cases. Infant body weight for age was checked against gen-
der-specific population percentile graphs (22).

Olanzapine standard material was donated by Eli Lilly Austra-
lia, Pty. Ltd., West Ryde, Australia, and mexiletine (internal stan-
dard material) by Boehringer Ingelheim, Pty. Ltd., North Ryde,
Australia. All solvents and chemicals were of analytical or high-
performance liquid chromatography grade.

High-performance liquid chromatography was used to quan-
tify olanzapine in plasma (23) and milk (16). The intra- and inter-
day coefficients of variation for the plasma assay were 4.6% and
2.4%, and 8.2% and 3.9% at 6 pg/liter and 120 pg/liter, respec-
tively. For milk, the intra- and interday coefficients of variation
were 17.3%, 6.3%, and 3.4%, and 19.2%, 6.3%, and 3.3% at 1 pg/li-
ter, 6 pg/liter, and 120 pg/liter, respectively. The limit of quantita-
tion was approximately 1 pg/liter for both plasma and milk. How-
ever, for infant plasma, the limit of quantitation was sometimes
as high as 5 pg/liter because less than a 1-ml sample was avail-
able. Data were summarized as means (ranges) or medians (25th
and 75th percentile ranges), as appropriate.

The area under the concentration time curves for a dose inter-
val (12 or 24 hours) was calculated with Topfit 2.0 (log trapezoidal
rule) (24) for plasma and rectangular areas for milk (X concentra-
tion by collection time) (25). Milk-to-plasma ratios were calcu-
lated from data for area under the curve for six patients and single
milk and plasma concentration measurements for one patient.
An infant milk intake of 0.15 liter/kg/day was assumed (26); this
value was multiplied by the average milk concentration (area un-
der the curvey_t/dose interval, in which 1=dose interval; patients
A-F) or a single-point milk concentration (patient G) to give the
absolute infant dose of olanzapine in pg/kg/day. The infant dose
was then expressed as a percentage of the weight-normalized ma-
ternal dose (ug/kg/day).
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FIGURE 1. Plasma and Breast Milk Olanzapine Concentra-
tion of One Mother at Steady State?
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4 Each drug concentration in milk was measured in aliquots in the
middle interval of each expression/feeding period.

Results

The mean age of the women was 30 years (range=23-
39), and their mean body weight was 71 kg (range=59-
110). Their infants consisted of three boys and four girls
with amean age of 2.4 months (range=0.1-4.3) and a mean
weight of 5.3 kg (range=4.2-6.3). The median dose of olan-
zapine ingested by the women was 7.5 mg/day (range=5-
20) or 127 pg/kg/day (range=75-286). Pharmacotherapy
with olanzapine had begun a mean of 114 days (range=19-
395) before the study day, and all participants were con-
sidered to be at steady state at the time of study. Patients A
and F took olanzapine during both pregnancy and lacta-
tion, while all of the other patients began taking the drug
in the postpartum period because of the development of
acute psychosis.

The plasma and milk concentration time profile for sub-
ject D is shown in Figure 1, and the pharmacokinetic de-
scriptors for subjects A-F appear in Table 1. The median
maximum olanzapine plasma concentration of 29 pg/liter
occurred at a median time of 2.5 hours after the drug dose
was taken by the mothers. In the milk, the median maxi-
mum concentration of olanzapine was 16 pg/liter at a me-
dian of 5.2 hours after the dose was taken by the mothers,
while the median of the mean olanzapine concentrations
in milk was 8.8 pg/liter. The median milk-to-plasma area-
under-the-curve ratio for olanzapine was 0.38. The single
milk-to-plasma ratio for subject G, measured 6 hours after
the olanzapine dose was taken by the mother, was 0.75.

The median absolute infant dose (mean olanzapine
concentration x 0.15 liter/kg/day) for the six patients with
complete dose interval data was 1.32 ug/kg/day (25th—
75th percentile range=0.74-1.71). The median relative in-
fant olanzapine dose (weight-adjusted comparison with
the maternal dose) in these six patients was 1.02%, with a
25th-75th percentile range of 0.93-1.12. For patient G, the
absolute and relative infant doses, calculated from a mea-
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TABLE 1. Pharmacokinetic Measures of Olanzapine in Six Mother-Infant Nursing Pairs

Breast Milk Plasma
Time to Time to Milk/  Relative Infant
Maximum Olanzapine Maximum Plasma  Olanzapine Infant
Maternal Olanzapine Concentration Olanzapine Maximum Area Dose Olanzapine
Olanzapine Concentration (ug/liter) Concentration  Olanzapine  Under (% weight- Plasma
Dose (hours after (hours after Concentration  the adjusted Concentration

Variables (Lg/kg) dose) Maximum? MeanP dose) (ng/liter)? Curve maternal dose) (ng/liter)
Mother-infant

pairs

A 286 0.7 33 22.7 1.9 73 0.49 1.19 —

B 127 2.6 18 9.2 1.5 28 0.60 1.08 <1

C 152 5.5 14 11.4 4.5 30 0.44 1.12 <1

D 136 4.9 18 8.4 3.7 38 0.32 0.93 <5

E 77 6.7 7 4.9 1.8 23 0.29 0.96 <3

F 75 13.2 2 1.2 3.0 15 0.10 0.22 <1
Median 131.5 5.2 16 8.8 2.5 29 0.38 1.02 —_
25th percentile 77 2.6 7 4.9 1.8 23 0.29 0.93 —
75th percentile 152 6.7 18 11.4 3.7 38 0.49 1.12 —_

2 Highest measured concentration during the interval of 12 or 24 hours after the dose was taken by the mother.

b Calculated as the area under the curve divided by the dose interval.

sured milk concentration of 6 pg/liter, were 0.9 pug/kg/day
and 1.13%, respectively.

Overall, olanzapine concentrations were below the limit
of detection (varying from 1 pg/liter to 5 pg/liter) in the six
infants from whom a plasma sample was taken at a me-
dian time of 6 hours (25th—75th percentile range=5.5-13.4
hours) after the last maternal dose was taken (Table 1).

Detailed medical examinations of infants B, C, E, and F
showed no adverse effects. A Denver developmental ex-
amination of infant E indicated no developmental delay. A
Griffiths developmental assessment conducted on infant
D indicated a developmental age of 78% of her chronolog-
ical age, but causality was difficult to assess because of re-
cent maternal treatment with clonazepam, sertraline,
valproate, thioridazine, and droperidol, as well as olanza-
pine. For logistic reasons, infant A was not assessed. Infant
G was referred to this study because of drowsiness but was
unaffected at the time of study after a halving of the mater-
nal olanzapine dose to 5 mg/day 3 weeks earlier. Inter-
views with the infants’ mothers did not elicit any further
problems. As a measure of infant progress, body weights
on the study day were assessed with U.S. National Center
for Health Statistics growth curves for children (22). On the
study day, infants A, B, and E had reached a higher percen-
tile curve than that indicated by their birth weights, but
the weights of infants C and D, who were at the 97th per-
centile at birth, had dropped to the 90th and 50th percen-
tiles, respectively. Infant F (who was 4 days old on the
study day) had a weight that was above the 90th percentile
at birth, despite olanzapine exposure during pregnancy.
The weight of infant G was not available.

Discussion

The median and maximum relative infant doses of ap-
proximately 1.0% and 1.2% indicate that infant exposure
to olanzapine through milk is much less than the notional
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cutoff of 10.0% that has been used to guide drug safety
during breast-feeding (26). This low infant exposure was
confirmed by failure to detect olanzapine in the plasma of
six suckling infants and the lack of observed side effects in
seven infants.

Of interest, our median milk-to-plasma ratio for olanza-
pine of 0.38 is identical to the theoretical milk-to-plasma
ratio of 0.38 calculated by the method of Begg et al. (27). It
is also similar to the mean of 0.46 measured by Croke et al.
(16) from nine single-point milk and plasma concentra-
tions measured in five patients.

The time at which maximum olanzapine concentra-
tions occurred in milk was slightly later in the dosing in-
terval than the corresponding maximum concentration in
plasma. Mothers trying to minimize infant exposure may
wish to avoid breast-feeding at peak milk concentrations
of the drug (i.e., 5 hours postdose).

These data indicate that olanzapine may be considered
relatively safe when mothers are breast-feeding healthy
term infants. However, as always, risks and benefits should
be considered before using any drug in breast-feeding
mothers.
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