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Effect of endogenous steroid hormones on 17-alphahydroxyprogesterone caproate metabolism
Courtney D. Cuppett, MD; Yang Zhao, PhD; Steve Caritis, MD; Shimin Zhang, MS;
Wenchen Zhao, MS; Raman Venkataramanan, PhD
OBJECTIVE: Plasma concentrations of 17-alpha-hydroxyprogesterone

caproate (17-OHPC) vary substantially in pregnant patients who receive
an identical dose. Endogenous steroid hormones may alter 17-OHPC
metabolism, which contributes to this large variability.
STUDY DESIGN: Pooled human liver microsomes were incubated with

17-OHPC alone or in combination with progesterone, hydroxyprogesterone, estrone, estradiol, or estriol. High-performance liquid chromatography with ultraviolet detection was used to quantify 17-OHPC.
RESULTS: Under the conditions that were studied, 17-OHPC metabo-

lism was inhibited by 37% by a combination of endogenous steroid hor-

mones. Progesterone alone significantly inhibited 17-OHPC metabolism by 28% (P ⬍ .001).
CONCLUSION: 17-OHPC metabolism is inhibited significantly by en-

dogenous steroids and, in particular, progesterone. This effect may
account for some of the large variation in plasma 17-OHPC concentrations that is seen in pregnant patients who receive a fixed dose of
medication.
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A

synthetic progestin, 17-alphahydroxyprogesterone caproate (17OHPC), is prescribed commonly for the
prevention of recurrent, spontaneous
preterm birth. The largest trial to investigate the clinical use of 17-OHPC for the
reduction of recurrent, spontaneous
preterm birth showed a 34% reduction

in the incidence of recurrent preterm
birth.1 However, two-thirds of patients
who were treated with the standard dose
of 17-OHPC in this trial still delivered
preterm.1 Plasma concentrations of 17OHPC vary substantially in pregnant
women who are treated with the standard
dose of 17-OHPC.2,3 Because both 17OHPC and endogenous steroid hormones
are metabolized by the cytochrome P450
3A4 enzyme (CYP3A4), the variability in
plasma concentration may, in part, be due
to a drug-endogenous steroid interaction
at the level of metabolism by CYP3A4.3-10
Any alteration in 17-OHPC metabolism
may affect plasma concentrations and ultimately impact the efficacy of 17-OHPC.
Thus, the objective of this study was to examine the effect of endogenous steroid
hormones on 17-OHPC metabolism in
vitro with the use of human liver microsomes (HLM) that expressed the CYP3A4
enzyme. This study primarily evaluated
the loss of 17-OHPC in the presence and
absence of various concentrations of several steroid hormones.

MD). Progesterone, 17-hydroxyprogesterone, estrone, 17-beta-estradiol, estriol,
testosterone, 6␤-hydroxytestosterone, and
␤-nicotinamide adenine dinucleotide phosphate (NADPH) were purchased from Sigma-Aldrich (St. Louis, MO). All of the substrates and hormones were dissolved in
dimethyl sulfoxide.
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Chemicals
The 17-OHPC was purchased from the
United States Pharmacopeia (Rockville,

Preparation of HLMs
HLMs were prepared according to methods previously described.3 Total protein
concentration (20 mg/mL) was deter-
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HLMs
Human liver samples were provided by
the laboratory of Steve Strom, PhD, University of Pittsburgh, as part of the Liver
Tissue and Cell Distribution System,
#N01-DK-7-0004/HHSN267200700004C,
under protocol 0411122. Tissue was obtained with informed consent and consent
for research from organ donor material
that was not suitable for transplantation or
from patients who underwent liver resections mainly for cancer treatment. Tissue is
provided to Liver Tissue and Cell Distribution System investigators without identifiers. This study was reviewed by the institutional review board at the University of
Pittsburgh and was deemed exempt from
full board review (PR011120226).
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performed concurrently to validate
CYP3A4-dependent metabolism of
17-OHPC.

FIGURE 1

Time course of 17-OHPC metabolism by CYP3A4
in human liver microsomes

Displayed are the results from the preliminary experiments that were conducted to define the optimal
incubation conditions. In the absence of ␤-nicotinamide adenine dinucleotide phosphate (NADPH;
dashed line), essentially no 17-OHPC metabolism occurs, whereas metabolism occurs in the presence of NADPH (solid line). Overall, at 60 minutes, 65.4% of 17-OHPC was metabolized in the
presence of NADPH. These findings support the findings that 17-OHPC is being metabolized by
CYP3A4 in the human liver microsome system because NADPH is the cofactor that is necessary to
activate the CYP3A4 enzyme. The dashed line also demonstrates that we had good recovery of
17-OHPC from the incubation tubes.
17-OHPC, 17-alpha-hydroxyprogesterone caproate; CYP3A4, cytochrome P450 3A4.
Cuppett. Effect of steroid hormones on 17-OHPC metabolism. Am J Obstet Gynecol 2013.

mined by Lowry’s method with bovine
serum albumin as a standard. Pooled
HLMs from 3 liver preparations were
used in studies. CYP3A4 activity in
pooled HLMs was characterized by
quantification of the conversion of testosterone to 6␤-hydroxytestosterone.11

Microsomal incubations
Incubation mixtures contained phosphate buffer (50 mmol/L; pH 7.4), magnesium chloride (1 mmol/L), and pooled
HLM (0.05 mg of protein/mL, optimal
protein concentration). Incubations
were initiated by the addition of NADPH
(1 mmol/L) and were carried out in a final volume of 250 L in a 37°C shaking
water bath. Dimethyl sulfoxide was used
as a solvent for 17-OHPC and did not
exceed 1% of the final reaction volume in
all cases. Preliminary studies were conducted to establish the optimal protein
concentration of HLM (0-2 mg/mL), incubation time (0-120 min), and 17OHPC concentration (0-328 g/mL) to
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be used in the experimental incubations.
Depletion of parent compound in HLM
was linear with respect to incubation
time and microsomal protein concentration over ranges that were relevant to this
study. From the data that used various
concentrations of 17-OHPC, we also calculated the Vm (maximum rate of metabolism) and Km (substrate concentration at which the metabolic velocity is
half of Vm) for 17-OHPC. Concentrations of 17-OHPC that are below the
Km value were selected for the evaluation of the interaction between various
hormones and 17-OHPC. The metabolic reactions were stopped by the addition of 250 L of methanol. All samples were processed in triplicate. The
mixture was centrifuged, and 100 L of
the supernatant was injected onto
high-performance liquid chromatography for the analysis of 17-OHPC.
Control incubations with no cofactor,
no protein, and/or no substrate were

Steroid hormone-17-OHPC interaction
To evaluate the effect of various steroid
hormones on 17-OHPC metabolism, we
used fixed concentrations of 17-OHPC
(2.5 g/mL) that were incubated in the
presence of a combination of steroid
hormones (progesterone, 27.5 g/mL;
17-hydroxyprogesterone, 1.5 g/mL; estrone, 2 g/mL; 17-beta-estradiol, 3.5
g/mL; estriol, 11 g/mL) or with individual steroid hormones that included
progesterone, 17-hydroxyprogesterone,
estrone, 17-beta-estradiol, and estriol at
the same concentrations. Both the concentration of 17-OHPC and the endogenous steroid hormones that were used
for this experiment were much higher
than the concentrations that were observed during pregnancy (micrograms
per milliliter vs nanograms per milliliter). These higher concentrations were
necessary to ensure adequate substrate
for the detection of metabolic interactions over a prolonged period of incubation in the HLM. To more closely mimic
in vivo conditions, the ratio of 17-OHPC
to endogenous steroid hormone concentration was kept physiologically proportional to the concentrations that
were reported during pregnancy. Once
significant interactions were identified
with the use of the supraphysiologic concentrations of various hormones and 17OHPC, we performed additional experiments with physiologic concentrations
of progesterone and 17-OHPC. Specifically, for these studies in which physiologic concentrations were used, incubations were prepared as described earlier
but with a final HLM concentration of
0.0025 mg of protein/mL, 17-OHPC
concentration of 50 ng/mL, and progesterone concentrations of 183 and 550 ng/
mL. All incubations were carried out for
60 minutes and were performed in duplicate. Reactions were stopped and processed as described earlier.
Additionally, we evaluated whether
there is a concentration-dependent relationship between progesterone and the
degree of inhibition of 17-OHPC. Various concentrations of progesterone
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(0 g/mL, 1.72 g/mL, 3.44 g/mL, 6.88
g/mL, 13.75 g/mL, 27.5 g/mL, 55
g/mL, 110 g/mL) were incubated
with 17-OHPC (2.5 g/mL). The incubation solution was otherwise prepared as
described earlier. All incubations were
carried out for 60 minutes and were performed in triplicate. Reactions were
stopped and processed as described earlier.

High-performance liquid
chromatography– ultraviolet
analysis for 17-OHPC
The high-performance liquid chromatography system comprised a Waters
2695 Separations Module attached to
Waters 2998 Photodiode Array Detector
(Waters Corp, Millford, MA). Chromatographic separations were achieved
on a 250 ⫻4.6 mm, 5 m Waters Symmetry C18 column (Interlink Scientific
Services Limited, Dartford, UK) with an
isocratic elution that was monitored at
242 nm with a mobile phase (delivered at
1.0 mL/min) of 90% (vol/vol) methanol
in water. The retention time of 17OHPC was 5.9 minutes. The concentration of 17-OHPC in samples was quantitated according to its calibration curve.
The intraday and interday variations that
were expressed as coefficient of variation
did not exceed 10% in any of the assays.
The limit of detection was 5 ng, and the
limit of quantitation was 20 ng on the
column.
Data analysis
Data from the 60-minute incubation
time point was analyzed by 1-way analysis of variance with a Dunnett’s correction for multiple comparisons with a control. Statistical analysis was performed
with Stata software (version 11; StataCorp,
College Station, TX).

R ESULTS
Incubation conditions for HLMs
Preliminary experiments were carried
out to establish the optimal incubation
conditions for the HLM system. Incubations were carried out both in the presence and absence of NADPH, which was
the cofactor necessary for CYP3A4-mediated metabolism. Figure 1 shows that,
in the absence of NADPH, 17-OHPC
was not metabolized. With the addition
86.e3
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FIGURE 2

Inhibition of 17-OHPC metabolism

Displayed are the incubation conditions along the x-axis and the percent inhibition of 17-OHPC
metabolism along the y-axis. Percent inhibition was calculated by subtraction of the percent metabolism in the presence of steroid hormone from the percent metabolism under control conditions and
division of the difference by the percent metabolism under control conditions. One-way analysis of
variance with a Dunnett correction for multiple comparisons to a control was used to compare the
results from each incubation category to control conditions.
17-OHPC, 17-alpha-hydroxyprogesterone caproate; E1, estrone; E2, 17-beta-estradiol; E3, estriol; HP, 17-hydroxyprogesterone; HPC,
17-alpha-hydroxyprogesterone caproate; P, progesterone.
Cuppett. Effect of steroid hormones on 17-OHPC metabolism. Am J Obstet Gynecol 2013.

of NADPH, the concentration of 17OHPC decreased by 65.3%, which indicated robust metabolism within 60 minutes. This finding supports the fact that
17-OHPC was metabolized by cytochrome P450 enzymes in the HLM system. Additionally, in the absence of
NADPH, there was consistent recovery
of 17-OHPC from the incubation tubes,
which indicated that the decrease that
was observed in the presence of NADPH
was secondary to metabolism and not
spontaneous decomposition. Beyond 60
minutes, little metabolism occurred that
likely was due to exhaustion of the
NADPH. Thus, for the purposes of this
experiment, 60 minutes was the time
point that was selected for all data
analysis.

Effects of endogenous steroid
hormones on 17-OHPC metabolism
To investigate the effects of endogenous
steroid hormones on 17-OHPC metabolism that was catalyzed by CYP3A4 in
HLM, 17-OHPC was added to reaction
mixtures with individual steroids or a
combination of steroids. Approximately
59% of 17-OHPC was metabolized under control conditions with NADPH.
When 17-OHPC was incubated with a
combination of the endogenous steroid
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hormones, only 37.1% of 17-OHPC was
metabolized, which was significantly less
compared with control conditions (P ⬍
.001). Also, in the presence of progesterone alone, only 42.1% of 17-OHPC was
metabolized, which was significantly less
when compared with control (P ⬍ .001).
Rates of 17-OHPC metabolism that were
similar to control conditions were observed
when 17-OHPC was incubated with 17-alpha-hydroxyprogesterone (58.4%), estrone
(62.1%), estradiol (60.8%), and estriol
(60.9%).
The same dataset was used to calculate
the percent inhibition of 17-OHPC metabolism. Percent inhibition was calculated by subtraction of the percent metabolism in the presence of steroid
hormone from the percent metabolism
under control conditions (absence of
steroid hormone). This difference was
then divided by the percent metabolism
under control conditions (Figure 2).
Control conditions were considered to
be zero inhibition and were used as the
comparison for the other incubation
conditions. When incubated with a combination of steroid hormones, 17-OHPC
metabolism was significantly inhibited
by 36.5% (P ⬍ .001) relative to control
conditions. Also, in the presence of pro-
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FIGURE 3

Inhibition of 17-OHPC metabolism at physiologic hormone levels

Displayed are the incubation conditions along the x-axis and the percent inhibition of 17-OHPC
metabolism along the y-axis. Progesterone at high and low physiologic concentrations significantly
(P ⫽ .002) inhibited the metabolism of 17-OHPC. One-way analysis of variance with a Dunnett
correction for multiple comparisons to a control was used to compare the results from each incubation
category to control conditions.
17-OHPC, 17-alpha-hydroxyprogesterone caproate; HPC, 17-alpha-hydroxyprogesterone caproate; P, progesterone.
Cuppett. Effect of steroid hormones on 17-OHPC metabolism. Am J Obstet Gynecol 2013.

gesterone, 17-OHPC metabolism was
inhibited by 27.9%, which was significant when compared with control conditions (P ⬍ .001). Relative to the control,
the presence of 17-hydroxyprogesterone
(2.9%), estrone (0%), 17-beta-estradiol
(2.3%), or estriol (0.8%) did not result in significantinhibitionof17-OHPCmetabolism.

Effect of physiologic concentrations
of progesterone on 17-OHPC
metabolism
The impact of physiologic concentrations of progesterone on 17-OHPC metabolism is shown in Figure 3. In the
presence of both high (550 ng/mL) and
low (183 ng/mL) concentrations of progesterone, 17-OHPC metabolism was
inhibited by 30.9% and 30.2%, respectively. This inhibition was significant
(P ⫽ .002) compared with control conditions and similar to the degree of inhibition that is seen with the supraphysiologic concentrations of 17-OHPC and
progesterone that are seen in Figure 2.
Figure 4 shows a significant association (R2 ⫽ 0.86; P ⫽ .01) between increasing progesterone concentrations

and the degree of inhibition of 17-OHPC
metabolism. To make these findings
clinically relevant, the ratio of progesterone to 17-OHPC at each concentration
is displayed above each data point in Figure 4. Physiologic ratios of progesterone
concentrations to 17-OHPC concentrations during normal pregnancy range
from 2.5:1 to 60:1. The study presented
here used pooled microsomes from 3
different livers to determine the potential of an interaction between various
hormones and 17-OHPC. The study was
not designed to address the variability in
the magnitude of the interaction between different subjects. Variation in the
Km values of endogenous hormones will
contribute to any observed variability in
the magnitude of inhibition among different subjects.

C OMMENT
Plasma concentrations of 17-OHPC are
highly variable in pregnant women. This
variability may be due to variability in
the absorption, distribution, and metabolism of 17-OHPC. 17-OHPC has been
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shown to be metabolized by enzymes in
the liver and placenta. Large variability
in the plasma concentrations of 17OHPC may be due to variability in hepatic and placental metabolism in addition to variability in metabolism at other
sites.
In this study, we have shown that progesterone inhibits the metabolism of 17OHPC in an in vitro system of HLM that
was prepared from human livers. These
findings are biologically plausible because progesterone and 17-OHPC are
both metabolized by CYP3A4.3-10 We
found that incubation with a combination of all the steroids or with progesterone alone resulted in significant inhibition of 17-OHPC metabolism by 36.5%
and 27.9%, respectively (Figure 2). Individual incubations with the other steroid
hormones had little to no effect on 17OHPC metabolism. Thus, the inhibition
noted in the presence of the combination
of steroid hormones is likely driven by
progesterone.
When HLM systems are used to investigate drug-drug interactions, higher
concentrations of drugs/hormones are
generally used. Adequate substrate is required in the incubation mixture not
only to detect the depletion of the parent
drug of interest but also to quantify metabolite formation. The studies we performed identified progesterone as the
steroid with the greatest impact on 17OHPC metabolism. We then used physiologic concentrations of 17-OHPC and
progesterone to further validate our
findings. We found significant inhibition (P ⫽ .002) of 17-OHPC metabolism
over a wide range of physiologic concentrations that may be observed during
gestation.
Additionally, we were able to demonstrate a positive relationship between
progesterone concentration and the degree of inhibition of 17-OHPC metabolism (Figure 4). The progesterone concentration– dependent inhibition of
17-OHPC metabolism would support
the notion that variable progesterone
concentrations that are observed during
pregnancy may contribute to the wide
variability in 17-OHPC concentration
that is seen in patients who are treated
with a constant, fixed dose of the medi-
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cation. This observation suggests that
plasma 17-OHPC concentrations may
be affected by circumstances that affect
plasma progesterone concentrations,
such as gestational age and/or placental
number. In singleton gestations, the
plasma concentration of progesterone
increases from 20-150 ng/mL during the
second trimester to 100-400 ng/mL at
term.12-14 In twin gestations, progesterone levels are approximately 60% higher
throughout gestation compared with
singleton gestations.15 On average, progesterone increases from 124-230 ng/mL
in the second trimester to 220-550
ng/mL in the third trimester in twin gestations.15-17 Thus, because progesterone
may inhibit 17-OHPC metabolism, an
increase in 17-OHPC concentration
would be expected as pregnancy progresses. Indeed, among both singleton
and twin gestations, plasma 17-OHPC
concentrations increase as gestation advances; however, it is unclear whether
this observation is due to the increased
inhibition of CYP3A4, to the increased
release of 17-OHPC from maternal fat
stores, or to an increased number of castor oil depots.2
There were some limitations to this
study. First, it was an in vitro study, and
the absence of other metabolic enzymes
may result in an incomplete metabolic
profile of 17-OHPC. However, previous
studies have demonstrated that 17-OHPC is
metabolized primarily by CYP3A4.3 Thus,
the absence of other metabolic enzymes
probably would not affect the results of this
studysignificantly.Additionally,becausemicrosomes lack genetic material, we could not
study the induction of the CYP3A4 enzyme,
which could also affect the overall metabolic
profile.
In addition to the 17-OHPC/endogenous steroid interaction that was observed, both body mass index and race
have been shown to impact the concentration of 17-OHPC in patients with a
twin gestation who received a standard
dose of the medication.2 Also, several
commonly prescribed medications in
pregnancy are also substrates, inhibitors,
and/or inducers of CYP3A4.18-21 These
factors may also contribute to the large
interindividual variability that was observed in 17-OHPC plasma concentra86.e5
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FIGURE 4

Inhibition of 17-OHPC metabolism with increasing
concentrations of progesterone

The progesterone concentration is displayed along the x-axis (range, 0 –110 g/mL), and the percent
inhibition of 17-OHPC metabolism is displayed along the y-axis. There is a significant association
between increasing concentrations of progesterone and the degree of inhibition of 17-OHPC metabolism (R2 ⫽ 0.86; P ⫽ .01). In other words, as progesterone concentration increases, 17-OHPC
metabolism decreases. Above each data point is the ratio of progesterone to 17-OHPC. Physiologic
ratios range from 2.5:1 to 60:1.
17-OHPC, 17-alpha-hydroxyprogesterone caproate.
Cuppett. Effect of steroid hormones on 17-OHPC metabolism. Am J Obstet Gynecol 2013.

tions. Clinically, a better understanding
of these interactions is important because alterations in 17-OHPC metabolism can affect overall drug concentration and possibly impact the efficacy of
17-OHPC in the prevention of preterm
birth. As more is learned about 17OHPC, it may eventually be necessary to
adjust doses of the medication to target a
therapeutic level, especially in patients
with lower or higher progesterone levels
or who take medications that are also
CYP3A4 substrates, inhibitors, and/or
inducers. The overall magnitude of inhibition of 17-OHPC in a given subject is
expected to depend of multiple factors
that include the concentration of progesterone and 17-OHPC at the sites of metabolism and the relative affinity of these
compounds for their metabolic enzymes, among others.
In conclusion, endogenous steroid
hormones appear to cause a marked inhibition of 17-OHPC metabolism in
vitro. Specifically, a combination of hormones and/or progesterone alone resulted in the most significant inhibition.
We were able to demonstrate consistent
inhibition of 17-OHPC metabolism at
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physiologic concentrations of 17-OHPC
and progesterone. Additionally, we
showed a significant association between
progesterone concentration and the degree of inhibition of 17-OHPC metabolism. These findings support the notion
that interindividual variation of endogenous steroid hormones throughout gestation contributes to the wide variability of
17-OHPC plasma concentrations that are
observed in women who are treated with a
f
fixed dose of medication.
ACKNOWLEDGMENT
We thank Dr Stephen Strom for his contribution
of the human liver tissue for this study.

REFERENCES
1. Meis PJ, Klebanoff M, Thom E, et al. Prevention of recurrent preterm delivery by 17 alphahydroxyprogesterone caproate. New Engl
J Med 2003;348:2379-85.
2. Caritis SN, Sharma S, Venkataramanan R, et
al. Pharmacokinetics of 17-hydroxyprogesterone
caproate in multifetal gestation. Am J Obstet Gynecol 2011;205:40.e1-8.
3. Sharma S, Ou J, Strom S, Mattison D, Caritis
S, Venkataramanan R. Identification of enzymes involved in the metabolism of 17alpha
hydroxyprogesterone caproate: an effective

www.AJOG.org
agent for prevention of preterm birth. Drug
Metab Dispos 2008;9:1896-902.
4. Yamazaki H, Shaw PM, Guengerich FP, Shimada T. Roles of cytochromes P450 1A2 and
3A4 in the oxidation of estradiol and estrone in
human liver microsomes. Chem Res Toxicol
1998;11:659-65.
5. Sarkar MA, Vadlamuri V, Ghosh S, Glover
DD. Expression and cyclic variability of CYP3A4
and CYP3A7 isoforms in human endometrium
and cervix during the menstrual cycle. Drug
Metab Dispos 2003;31:1-6.
6. Guengerich FP. Oxidation of 17 alpha-ethynylestradiol by human liver cytochrome P-450.
Mol Pharmacol 1988;33:500-8.
7. Kerlan V, Dreano Y, Bercovici JP, Beaune
PH, Floch HH, Berthou F. Nature of cytochromes P450 involved in the 2-/4-hydroxylations of estradiol in human liver microsomes.
Biochem Pharmacol 1992;44:1745-56.
8. Yamazaki H, Shimada T. Progesterone and
testosterone hydroxylation by cytochromes P450
2C19, 2C9, and 3A4 in human liver microsomes.
Arch Biochem Biophys 1997;346:161-9.
9. Badawi AF, Cavalieri EL, Rogan EG. Role of
human cytochrome P450 1A1, 1A2, 1B1, and
3A4 in the 2-, 4-, and 16alpha-hydroxylation of
17beta-estradiol. Metabolism 2001;50:1001-3.

Basic Science: Obstetrics
10. Nakamura H, Nakasa H, Ishii I, et al. Effects
of endogenous steroids on CYP3A4-mediated
drug metabolism by human liver microsomes.
Drug Metab Dispos 2002;30:534-40.
11. Sohl CD, Cheng Q, Guengerich FP. Chromatographic assays of drug oxidation by human cytochrome P450 3A4. Nat Protoc
2009;4:1252-7.
12. O’Leary P, Boyne P, Flett P, Beilby J, James
I. Longitudinal assessment of changes in reproductive hormones during normal pregnancy.
Clin Chem 1991;37:667-72.
13. Tulchinsky D, Hobel CJ. Plasma human chorionic gonadotropin, estrone, estradiol, estriol,
progesterone, and 17 alpha-hydroxyprogesterone in human pregnancy; 3, early normal pregnancy. Am J Obstet Gynecol 1973;117:884-93.
14. Block BS, Liggins GC, Creasy RK. Preterm
delivery is not predicted by serial plasma estradiol or progesterone concentration measurements. Am J Obstet Gynecol 1984;150:
716-22.
15. Batra S, Sjoberg NO, Aberg A. Human placental lactogen, estradiol-17beta, and progesterone levels in the third trimester and their respective values for detecting twin pregnancy.
Am J Obstet Gynecol 1978;131:69-72.

Research

16. Goktolga U, Gungor S, Ceyhan ST, et al.
Assessment of the predictive value of serum
progesterone levels on early pregnancy prognosis in spontaneous twin gestations: a prospective study. Eur J Obstet Gynecol Reprod
Biol 2008;137:185-8.
17. Smith R, Smith JI, Shen X, et al. Patterns of
plasma corticotropin-releasing hormone, progesterone, estradiol, and estriol change and the
onset of human labor. J Clin Endocrinol Metab
2009;94:2066-74.
18. Glover DD, Amonkar M, Rybeck BF, Tracy
TS. Prescription, over-the-counter, and herbal
medicine use in a rural, obstetric population.
Am J Obstet Gynecol 2003;188:1039-45.
19. Rubin JD, Ferencz C, Loffredo C. Use of
prescription and non-prescription drugs in
pregnancy; the Baltimore-Washington Infant
Study Group. J Clin Epidemiol 1993;46:581-9.
20. Webster WS, Freeman JA. Prescription
drugs and pregnancy. Expert Opin Pharmacother 2003;4:949-61.
21. Horn J, Hansten P. Get to know an enzyme:
CYP3A4. Pharmacy Times 2008:37. Available
at: http://pharmacytimes.com/publications/
issue/2008/2008-09/2008-09-8687.
Accessed
March 29, 2012.

JANUARY 2013 American Journal of Obstetrics & Gynecology

86.e6

