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Objective: Little information about the dispo-
sition of individual antidepressant drugs during
pregnancy has been published. We examined the
dose requirements and level-to-dose (L/D) ratios
of citalopram, escitalopram, and sertraline during
pregnancy and after birth.

Method: Women aged from 32 to 43 years
with major depressive disorder according to the
Structured Clinical Interview for DSM-1V Axis|
Disorders participated in the study. Doses were
charted across each week of gestation and post-
partum. Samples were collected at 20, 30, and
36 weeks' gestation; delivery; and at 2 and 12
weeks postpartum. Plasmatrough levels were
obtained 8 to 15 hours after dose intake. Across
pregnancy and postpartum, the mean dose-
corrected plasma concentrations (L/D ratios)
of S- and R-citalopram and S-sertraline, and the
corresponding primary chiral metabolites S- and
R-desmethylcitalopram and N-desmethylsertra-
line were assessed. The samples were analyzed
for concentrations of stereospecific parent drug
and metabolites. The study was conducted from
2003 to 2006.

Results: Three women received citalopram,

2 women were treated with escitalopram, and 6
women received sertraline. In 4 of 5 subjects who
received citalopram or escitalopram and 5 of 6
subjects who received sertraline, the L/D ratios
for the stereoisomers of the parent compound and
primary metabolite decreased between 20 weeks
gestation and delivery, which reflects increased
drug metabolism. By 12 weeks postpartum the
L/D ratios were similar to those detected at 20
weeks gestation.

Conclusions: Our cases illustrate that dose
requirements frequently increase during the sec-
ond half of pregnancy to offset increased drug
turnover and maintain optimal pharmacotherapy.
These findings replicate and extend earlier pub-
lished data with other antidepressants.
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I n the United States, 2.8% of pregnant women re-

ported the use of a serotonin reuptake inhibitor (SRI)
in the 3 months preconception and during gestation. With
4 million pregnancies that result in live births, more than
90,000 women will be exposed to an SRI yearly (Na-
tional Birth Defects Prevention Study, 1997—2002%). De-
spite these facts, few data about the dosing of antidepres-
sant drugs across pregnancy and early postpartum have
been published.>®

The dose requirements of many drugs increase during
pregnancy due to increased metabolism. Examples in-
clude the 3 blocker metoprolol and the tricyclic antide-
pressants, which are substrates of cytochrome 2D6>%%;
the calcium channel blocker nifedipine, a substrate of cy-
tochrome 3A4°%°; and the antiepileptic agent lamotrigine,
which mainly undergoes glucuronidation.™*? In contrast,
the antimalarial drug proguanil accumulates in the sec-
ond half of pregnancy as the result of diminished 2C19
enzymatic activity.™*3 The physiologic changes of preg-
nancy that explain altered dose requirements include ste-
roid hormone effects on cytochrome activities™; plasma
volume expansion; reduction in plasma protein (albu-
min) levels that leads to decreased drug binding; di-
minished hepatic blood flow*¢; and increased glomeru-
lar filtration rate and renal excretion.””*® Theincreasesin
plasma volume and total body water, which contribute
to weight gain across pregnancy, may increase the vol-
ume of distribution and thereby increase the dose re-
quirements that are necessary to sustain therapeutic drug
levels.”
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The pharmacologic activity of citalopram arises mainly
from the S-sterecisomers of the parent drug and the first
metabolite desmethylcital opram.®2* Although the concen-
tration of desmethylcitalopram reaches half that of the par-
ent compound,® the bioactivity of desmethylcitalopram
is 10 times lower than the parent drug.* The half-lives
of the parent isomers are 35 hours (S-citalopram) and 47
hours (R-citalopram),?? and steady-state concentrations
are reached within 1 week.? The linear correlation be-
tween single and multiple dosing and steady-state concen-
trations suggests linear pharmacokinetics at the recom-
mended dose range of 10 to 60 mg daily.>** Citalopramis
metabolized via N-demethylation by cytochromes 2C19
(37%), 3A4 (34%), and 2D6 (28%) into desmethylcitalo-
pram.?%-2¢ polymorphisms of cytochrome 2C19 can af-
fect the metabolism of some drugs; however, measures
of urinary metabolites indicated no phenotypic differences
in the metabolism of citalopram.®?° During pregnancy,
the activity of cytochrome 2C19 decreases by up to 50%,*
whereas the activity of cytochromes 3A4 (the most abun-
dant cytochrome in humans®) and 2D6 increases. ™

Sertraline is produced solely as the S-isomeric com-
pound and N-demethylated into the primary metabolite
N-desmethylsertraline. The parent drug sertraline contrib-
utes predominantly to the serotonergic effect.®® Linear
pharmacokinetics are found when sertraline is prescribed
at the recommended doses of 50 to 200 mg daily.** The
cytochromes P450 2D6, 2C9, 2B6, 2C19, and 3A4 metab-
olize sertraline and contribute 35%, 29%, 14%, 13%, and
9%, respectively, to the drug’s metabolism.* Sertralinein-
duces drug-drug interactions infrequently due to the con-
tribution of multiple cytochrome P450 in the drug's
metabolism.®

We examined the disposition of the parent compounds
and the primary metabolites of sertraline, escitalopram,
and the stereoisomers of citalopram at 20, 30, and 36
weeks gestation; delivery; and 2 and 12 weeks postpar-
tum. This longitudinal approach was advantageous be-
cause subjects act as their own controls. The comparison
of changes within each subject isimportant because of the
extensive interindividual variability in the pharmacokinet-
ics of these drugs. For example, the coefficients of varia-
tion were 55% for the level-to-dose (L/D) ratios of citalo-
pram and desmethyl citalopram,? and the L/D ratios varied
between subjects by 88- and 29-fold for sertraline and
desmethylsertraline, respectively.®* We hypothesized that
the metabolism of the stereoisomers of citalopram and ser-
traline would increase during pregnancy and decline after
birth.

METHOD

The study protocol was approved and reviewed annu-
aly by the University of Pittsburgh Institutional Review
Board. All subjects provided written informed consent.
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Subjects

Eleven women who were enrolled in the National Insti-
tute of Mental Health—sponsored study Antidepressant
Drug Use in Pregnancy (principal investigator, K.L.W.)
received treatment with citalopram, escitalopram, or ser-
traline from their own prescribing physicians. They
ranged from 32 to 43 years of age and were of white back-
ground with the exception of 1 African American woman
who took sertraline. The diagnosis of major depressive
disorder was confirmed with the Structured Clinical Inter-
view for DSM-1V Axis | Disorders).* Women with active
alcohol or substance dependence or abuse (based on inter-
view and urine drug screen) or those with medical ill-
nesses that could affect outcomes (such as twin gestation,
preexisting type | diabetes) were excluded. Symptom se-
verity was defined with the Structured Interview Guide for
the Hamilton Depression Rating Scale-Atypical Depres-
sion Symptoms Version (SIGH-ADS).* The SIGH-ADS
is a 29-item instrument that incorporates the Hamilton
Rating Scale for Depression® and a set of questions de-
signed to assess the atypical neurovegetative symptoms of
depression. Atypical symptoms characterize reproductive-
related depression, acute onset honseasonal and seasonal
depression, and chronic forms of depression. The scale has
high intraclass reliability.®

Procedure

The Timeline technique® was adapted to chart psy-
chiatric episodes; mood severity on the SIGH-ADS; ex-
posure to citalopram, escitalopram, sertraline, and other
drugs, cigarette smoking; total body weight; and body
mass index (BMI) across time. Updates of these measures
were plotted acrosstime at 20, 30, and 36 weeks gestation;
delivery; and at 2 and 12 weeks postpartum. The dose in-
formation was corroborated with the treating physician
and/or pharmacy records for accuracy. Only subjects who
received monotherapy or concurrent drugs that did not
interfere with the metabolism of the antidepressant were
included.

Laboratory Procedure

For women of reproductive age, the study drugs had the
following expected mean + SD half lives: 34.8 + 4.3 hours
for S-citalopram, 46.9+ 10.6 hours for R-citalopram,
50.6 + 17.7 hours for S-desmethylcitalopram, and 69.8 +
18.8 hours for R-desmethylcitalopram?®; the mean half
livesfor sertraline and desmethylsertraline were 32 and 71
to 200 hours, respectively.* All subjects had been taking
stable doses for 2 weeks or more prior to obtaining the
plasmalevel. The peak concentrations of citalopram, esci-
talopram, and sertraline are, respectively, 4, 5, and 6 hours
after drug intake.??*? The steady-state drug concentrations,
which were obtained at 8 to 15 hours after the previous
dose, represented trough levels and were used for com-
parisons within each individual and among the subjects.
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Table 1. Drug Dose and Plasma Levels in Pregnancy and Postpartum

Postpartum Postpartum Postpartum
20 Weeks 30 Weeks 36 Weeks Delivery 2 Weeks 410 6 Weeks? 12 Weeks
Plasma Plasma Plasma Plasma Plasma Plasma Plasma
Dose, Level, Dose, Level, Dose, Level, Dose, Level, Dose, Level, Dose, Level, Dose Level,
Subject mg/d ng/mL mg/d ng/mL mg/d ng/mL mg/d ng/mL mg/d ng/mL mg/d ng/mL mg/d ng/mL
1
S-citalopram 40 32 40 40 50 25 50 15 NA NA NA NA 50 18
R-citalopram 62 64 41 24 NA NA NA  NA 36
2
S-citalopram 20 14 20 14 40 18 NA  NA 40 54 NA  NA 40 27
X R-citalopram 24 24 36 NA NA 101 NA NA 75
3
S-citalopram 30 19 30 9 20 5
R-citalopram 41 22 14
4
S-citalopram 10 17 10 10 10 13 10 14 10 24 NA NA NA NA
5
S-citalopram 20 58 20 70 20 67 NA  NA 20 95 NA  NA 20 63
6
S-sertraline NA  NA 50 27 NA  NA 50 11 NA NA 50 27 50 21
N-desmethylsertraline NA 44 NA 26 NA 52 50
7
S-sertraline 50 10 50 20 100 16 50 7 50 22 50 15 NA NA
N-desmethylsertraline 18 40 66 32 41 29 NA
8
S-sertraline 50 4 75 10 100 39 NA NA 200 21 NA  NA 200 21
N-desmethylsertraline 16 17 74 NA 59 NA 29
9
S-sertraline NA NA 150 17 200 43 200 32 200 39 NA NA NA NA
N-desmethylsertraline NA 141 147 120 149 NA NA
10
S-sertraline 100 93 100 45 NA NA 100 28 NA NA 100 62 NA  NA
N-desmethylsertraline 72 92 NA 59 NA 74 NA
11
S-sertraline 50 32 75 18 75 23 100 32 NA NA 100 83 125 99
N-desmethylsertraline 52 7 73 97 NA 128 183

a/alues were available at 4 to 6 weeks postpartum for breast-feeding mother-infant pairs only.

bSubject discontinued medication at delivery.
Abbreviation: NA = not available.

Plasma samples were analyzed for total chiral drug
levels in the Clinical Pharmacology Program at Western
Psychiatric Institute and Clinic, University of Pittsburgh
Medical Center,* in the laboratory of JM.P. The analytic
method for citalopram and escitalopram was adapted
from that described by Rochat and colleagues®; the meth-
od of analysis for sertraline was described in Wisner et
a.”® A Cyclobond | 2000 AC, 5um, 25 cm x 4.6 mm
(length x inside diameter) column (Astec, Inc.; Whippany,
N.J.) was used. The most significant methodological
changes were as follows. The extraction was shortened
considerably by reextracting from the isoamyl alcohol/
heptane layer into a small volume of 0.1 molar hydrochlo-
ric acid, which was dried in acentrifuge evaporator and re-
constituted. The detection was changed to filter emission
fluorescence spectroscopy with a deuterium source (exci-
tation at 240 nm) and with the photomultiplier tube win-
dow as the cut-off filter (295 nm). The internal standard
was S-propranolol, and the mobile phase was 10/90 vol-
ume to volume acetonitrile/(12 mL/L aqueous diethyl-
amine adjusted to pH 5.3 with acetic acid). The limit of
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quantitated detection was 3.0 ng/mL. The day-to-day co-
efficients of variation were between 2.6% and 8.2% for
the medium and high controls and between 5.2% and
10.0% for the low contral.

The drug dose data and plasma chiral drug levels were
used to calculate chiral L/D ratios. The L/D ratioisamea-
sure of the drug plasmalevel corrected for the dose. Since
the pharmacokinetics of sertraline, citalopram, and esci-
talopram are linear in adults, we may use the L/D ratios
for comparisons at different dosages during therapeutic
treatment.

RESULTS

Citalopram

Three women received citalopram at doses from 20 to
40 mg daily and 2 women received escitalopram from 10
to 20 mg daily (Table 1). None of these women smoked
during pregnancy; subject 5 resumed smoking one half to
1 pack per day by the second postnatal week. Subject 1,
who had mild depression at 20 weeks gestation (SIGH-
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ADS=14), developed increased depressive symptoms NN 86
at 30 weeks' gestation (SIGH-ADS = 23). She responded Eol 3134 T
to a citalopram dose increase from 40 to 50 mg daily, and §§ %%%% Ne %%
her depression improved (SIGH-ADS =7) by 36 weeks § N 3 3 3 3 3 3
gestation. Subject 2 had moderate depression (SIGH- nmms < o
ADS = 18) with citalopram 20 mg daily at 20 weeks preg- eee °e
nancy. At 36 weeks' gestation, her symptoms worsened .
(SIGH-ADS = 25). She increased the dose to citalopram " i
40 mg daily and by 12 weeks postpartum, she had re- E'é Eg
sponded fully (SIGH-ADS = 11). Subject 4 was euthymic g3 2332 22 35
throughout pregnancy and postpartum and remained on g <] <%
escitalopram therapy 10 mg daily; her L/D ratios were ¥ 2
also stable. In contrast, subject 5 was euthymic at 20
weeks' gestation (SIGH-ADS = 10) and developed mod- s&
erate depression at 30 and 36 weeks' pregnancy that per- €. oo 3 i
sisted to 12 weeks postpartum (SIGH-ADS = 20, 21, and 2 <www o oSS
19, respectively). She received the same dose of escitalo- g3 —deo o3 N9
pram (20 mg daily) through pregnancy and after delivery. e © ::j &
[eNe]

Increased depression levels and dose requirements oc-
curred in 3 mothers receiving citalopram or escital opram.
Two mothers who increased their dose responded with
full restoration of euthymic mood. The mother who re-

58
. 1
fused dose increases devel oped persistent depression that § audd 10 \:,%
extended from pregnancy to postchildbirth. z 3 S
AN~
Sertraline ee
Six women received sertraline at 50 to 200 mg daily <
(Table 1). Subject 9 smoked 1 pack daily during preg- @a$ & 5
nancy and postpartum. Increased depressive symptoms " 3’ 9 E wd 97
and dose requirements across preghancy were evident g S 5 ee ¢ S_,'é
in 3 mothers who received sertraline. Subject 8 developed % palia § § g8 29
increased depression levels at 30 and 36 weeks gesta @ Hon bl I
tion (SIGH-ADS = 24 and 19, respectively) and required Sooo ool g
gradual dose elevations from 75 mg daily to a final dose E
of 200 mg daily. By 2 weeks postpartum, she had mild 56HH 55|5
symptoms (SIGH-ADS = 13). Subject 9 developed mod- ol TTIZ . 73 =
erate depression at 30 weeks gestation (SIGH-ADS = 21) .| 3| 2288 <o ss 3
with sertraline 150 mg daily. Following a dose increase g E IIxNgd A& N9 S
to 200 mg, her symptoms improved and she remained S| O prpy Y° mulg
euthymic at 36 weeks' gestation and 2 weeks postpartum 2 S-Hco o %
(SIGH-ADS =14 and 12, respectively). Subject 11 had @ a
depressive symptoms (SIGH-ADS = 24) with sertraline = SETH & =
50 mg daily at 20 weeks gestation. With a dose increase . 1377 wou g(‘j" 2
to 75 mg daily, her mood improved (SIGH-ADS = 14) by = 3| sdee 29 ocolg
30 weeks gestation. E| Z| 2922 22 3I3s
The chiral L/D ratios of citalopram, escitalopram, 5| | HamA HHlg g
and sertraline decreased in the second half of pregnancy 3 SHoo cc §§
(Table 2, Figures 1-3). By the 12th postpartum week, the £ © 'g
values were similar to those detected at 20 weeks ges- g 58 B o o5
tation. Reductions in L/D ratios corresponded with in- Z %‘g s 3|EW
creased severity of depression or minimal symptomatic g 55 5 B gg
improvement. The antenatal and postnatal changes in the 3 g g%%% i% 222k
chiral L/D ratios persisted after adjustmentsfor total body i E% = % 5 53 % 2B % ?,E
weight (kg) and BMI (kg/m?) were made to address intra- 2 o §'E 5STTcSTRT 52
individual variations® and pregnancy-related changes in 2| &5 bz g b 3 b= 2
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Figure 1. Mean Drug Level-to-Dose (L/D) Ratios Across
Childbearing for Citalopram-Treated Women
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Figure 2. Mean Drug Level-to-Dose (L/D) Ratios Across
Childbearing for Escitalopram-Treated Women
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Figure 3. Mean Drug Level-to-Dose (L/D) Ratios Across
Childbearing for Sertraline-Treated Women

drug processing.'**“ Therefore, we report the unadjusted
L/D values. The drug levels and L/D ratios were consis-
tent with those observed in age-matched women in the
general population,324246-48

DISCUSSION

Our data indicate that antidepressant drug disposition
changed across pregnancy. In 4 of 5 subjects who re-
ceived citalopram or escitalopram and 5 of 6 subjects who
received sertraline, the L/D ratios for the stereoisomers of
the parent compound and primary metabolite decreased
between 20 weeks' gestation and delivery, which reflects
increased drug metabolism. The dose requirements of ci-
talopram, escitalopram, and sertraline increased in the
second half of gestation. These findings replicated reports
that pregnant women who received fluoxetine, paroxe-
tine, or sertraline required dose increases by 24 to 28
weeks gestation to alleviate recurrent depression.>*° Our
observations suggested that the decline in L/D ratios
often corresponded with lowered drug efficacy. These
findings were consi stent with the induction of cytochrome
3A4 and 2D6 enzymes during pregnancy®-® that over-
rides the pregnancy-induced inhibition of 2C19 activity.>*
Heikkinen et al.*® detected diminished plasma citalopram
concentrations during pregnancy without increased de-
pressive symptoms. Our study adds a systematic as-
sessment of mood symptoms in addition to plasma drug
levels.

The volume of distribution (Vd) represents the ratio of
the total quantity of drug in the body to the total concen-
tration of drug in the plasma.*® The Vd of individual drugs
may change across the gestational period. During preg-
nancy, reduction in plasma proteins may result in an in-
creased distribution of unbound drug.” In a review of
23 articles, 9 studies (39%) suggested increased Vd; 11
(48%) did not indicate change in Vd; and 3 (12%) sug-
gested reduction in Vd.*"** The complexity of estimating
the hypothetical Vd values could explain the lack of re-
porting.* Without direct measures of Vd, total body
weight is an appropriate actual descriptor for drug distri-

1.007 — Sertraline i . . .

- N-desmethylsertraline bU'[IOI’l.44 After adj ustlng for total bOdy wel ght and BM |,
the L/D ratios of the isomers of citalopram, S-sertraline,
2 0807 T and the primary metabolites did not vary from the unad-
= ) justed values. Thus, the changes in Vd likely contributed

2 060d minimally to the declinein L/D ratios across pregnancy.
5 The dramatic rise in chiral L/D ratios at 2 weeks post-
g partum reflects a brief postpartum refractory metabolic
= 0.407 state (Table 2, Figures 1-3). Other investigators have
provided evidence of a postpartum drop in drug metabolic
0.20- capacity for citalopram,® nortriptyline (a substrate of cy-
© z\@' 5 ' Q}@' Q\@' é@' tochrome 2D6),* and nelfinavir (substrates of 3A4 and
& & & O\\* WS & & %\&q}@@ 2C19).** Although some researchers have not detected
P > ® Q/oé&% RS & NS variable biotransformation of citalopram based on genetic
¢ ¢ polymorphisms of the 2C19 isoenzyme,®? significant
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reduction in N-demethylation has been described in poor
metabolizers.® > The frequency of poor metabolism dif-
fers across racial groups, for example, 2% of the white
compared to 15% to 20% of the Asian populations are ho-
mozygous for the alleles that encode deficient 2C19 activ-
ity.>® The individuals who received citalopram or escitalo-
pram were white. The range of plasma concentration and
L/D ratios was uniform and indicated no poor metabo-
lizersin the group. Theinduction of 3A4 and 2D6 enzyme
activity could mask impairment in 2C19 activity during
pregnancy.®® On the other hand, the refractory period in
the first 6 postnatal weeks could result in elevated plasma
drug concentrations and increased side effects in selected
women with the mutated alleles.

Preclinical data suggest that the R-isomer of citalo-
pram could antagonize the antidepressant effects of S-
citalopram.®®-! We found that changes in depression se-
verity and dose requirements across pregnancy and the
postnatal period were similar in mothers who received ci-
talopram (subjects 1-3) and escitalopram (subjects 4 and
5). To establish gestational differences in antidepressant
responses between citalopram and escitalopram, we re-
quire additional subjects.

The optima management of depression across preg-
nancy is to quickly identify recurrent depressive symp-
toms® through a systematic exploration of symptom levels
at each trimester or ideally at each gestational month in
the latter half of pregnancy. If symptoms worsen or recur,
a dose increase should be considered. In office settings,
depression severity could be monitored with the following
instruments: (1) the Center for Epidemiological Studies-
Depression Scale, which isa 20-item screening tool that is
highly sensitive for detecting depression in women during
pregnancy and postpartum (score of =16 indicates de-
pression)®*®; (2) the Montgomery-Asberg Depression
Rating Scale,* which is a brief 10-item clinician-rated
scale that is highly sensitive to drug-related changes in
depression severity; or (3) the Clinical Global Impres-
sions scale,”® which is a clinical rating on a single item,
7-point scale (1 = normal, not ill; 7 = very severely ill) to
assess depression severity, change across time, and over-
all efficacy that takes into account both clinical improve-
ment and severity of side effects.

After delivery, the antidepressant should be restarted
immediately at the nonpregnant dose of response or two
thirds of the final dose in pregnancy.* Since hepatic me-
tabolism undergoes a period of refractory activity in the
first several weeks postdelivery as suggested by our data
and others,****" side effects should be monitored for in-
dication of elevated plasma levels. By 12 weeks post-
delivery, women may require a dose increase as the
prepregnancy rate of metabolism is restored. Our cases
represent the steady-state L/D ratios in a small sample
of women. Therefore, replication studies to investigate
the antidepressant drug L/D ratios and efficacy across
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pregnancy and early postpartum are essential to inform
physicians and patients of the possible changes in dose
requirements across the gestational period.

Drug names: citalopram (Celexa and others), escitalopram (Lexapro
and others), fluoxetine (Prozac and others), lamotrigine (Lamictal and
others), nelfinavir (Viracept), nifedipine (Procardia, Adalat, and oth-
ers), nortriptyline (Pamelor, Aventyl, and others), paroxetine (Paxil,
Pexeva, and others), propranolol (Inderide, Innopran, and others),
sertraline (Zoloft and others).
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