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Abstract

Buprenorphine is approved as pharmacotherapy for opioid dependence in non-pregnant patients in
multiple countries, and is currently under investigation for pregnant women in the US and Europe.
This research evaluates the disposition of buprenorphine, opiates, cocaine, and metabolites in 5
term placentas from a US cohort. Placenta and matched meconium concentrations were compared,
and relationships between maternal buprenorphine dose, placenta concentrations, and neonatal
outcomes following controlled administration during gestation were investigated. Buprenorphine
and/or metabolites were detected in all placenta specimens and were uniformly distributed across
this tissue (CV<27.5%, 4 locations), except for buprenorphine in 3 placentas. In 2 of these,
buprenorphine was not detected in some locations and, in the 39 placenta, was totally absent.
Median (range) concentrations were buprenorphine 1.6ng/g (not detected to 3.2),
norbuprenorphine 14.9ng/g (6.2 to 24.2), buprenorphine-glucuronide 3ng/g (1.3 to 5.0) and
norbuprenorphine-glucuronide 14.7ng/g (11.4 to 25.8). Placenta is a potential alternative matrix
for detecting in utero buprenorphine exposure, but at lower concentrations (15-70 fold) than in
meconium. Statistically significant correlations were observed for mean maternal daily dose from
enrollment to delivery and placenta buprenorphine-glucuronide concentration, and for
norbuprenorphine-glucuronide concentrations and time to neonatal abstinence syndrome (NAS)
onset and duration, and for norbuprenorphine/norbuprenorphine-glucuronide ratio and maximum
NAS score, and newborn length. Analysis of buprenorphine and metabolites in this alternative
matrix, an abundant waste product available at the time of delivery, may be valuable for prediction
of neonatal outcomes for clinicians treating newborns of buprenorphine-exposed women.
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INTRODUCTION

In 2002, buprenorphine (BUP) was approved in the United States for office-based treatment
of opioid dependence under the Drug Addiction Treatment Act of 2000 1. Currently, high-
risk populations such as pregnant women in Europe 2: 3, Australia 4, and the US 5 are
beginning to receive BUP 4, emphasizing the need for data on the drug’s disposition in the
maternal-fetal dyad. In adults, BUP undergoes phase | metabolism (N-dealkylation) by
cytochrome P450 3A4 (CYP3A4) to norbuprenorphine (NBUP) primarily in the liver 8.
BUP and NBUP phase Il metabolism (glucuronidation) to buprenorphine-glucuronide
(BUP-Gluc) and norbuprenorphine-glucuronide (NBUP-Gluc), respectively, occurs through
the action of uridine diphosphate glucuronosyltransferase (UGT) 1A1 7 and UGT2B7 8.
Recently, Rouguieg et al.  showed that BUP glucuronidation involves predominantly
UGT1AL1 and 2B7 isoforms, and for NBUP glucuronidation UGT1A1 and UGT1A3.

The placenta is the interface between maternal and fetal blood, and in humans, is
haemochorial, that is the chorion or membrane enclosing the fetus is in direct contact with
the mother’s blood. Endogenous and exogenous compounds are exchanged between
maternal and fetal circulations via the placenta that also has important endocrine and
metabolic functions. Human placenta expresses several CYP genes including the CYP3A
family, although placental activity of CYP3A4 has not been demonstrated 19, Deshmukh et
al. 11 showed that the enzyme aromatase/CYP19 is the major enzyme catalyzing the
biotransformation of BUP to NBUP in term human placenta. Although this enzyme is
present early in gestation, it is most active at term, due to increased placental mass and an
increase in the number of catalytic proteins 12:13, With regard to phase |1 metabolism,
isoforms of the UGT2 subfamily (UGT2B4, UGT2B7, UGT2B10, UGT2B11, UGT2B15
and UGT2B17) have been identified in term human placenta 14, but there are no specific
data on BUP and NBUP glucuronidation in placenta.

The human fetal liver possesses a relatively well-developed metabolic capacity for
xenobiotics 1, including multiple CYPs, although the variety and concentrations are lower
than in adults 16, CYP3A7 is the only fetal CYP form characterized unequivocally at the
protein level, and is the major constituent in human fetal liver. The shift between CYP3A7
and CYP3A4 metabolism occurs immediately after birth, and is transcriptionally controlled
17 No data are available on fetal BUP and NBUP glucuronidation, but morphine
glucuronides are formed at high rates by UGT2B?7 in fetal baboon liver, rivaling adult
activity 18,

Drugs cross the placenta mainly by passive diffusion from the mother to the fetus, with the
extent of transfer dependent upon the drug’s physicochemical properties. Diffusion is
favored if compounds are lipid-soluble, small (<500 Da), and poorly bound to proteins.
Thus, BUP-Gluc and NBUP-Gluc diffusion should be slow because of greater polarity and
molecular weights >500 Da. Other transfer mechanisms through the placenta involve
specific transporters, such as permeability glycoprotein (P-gp), an important efflux
transporter for multiple basic compounds from the fetal to maternal circulation 19, However,
BUP is not a substrate for this specific transporter 20.

Nanovskaya et al. 21 conducted an in vitro term placenta lobule dual perfusion study with
BUP. Placenta was shown to be a depot for BUP with less than 10% of maternal dose
transferred to the fetal circuit, and only 5% of perfused BUP metabolized to NBUP during a
4 h perfusion. However, BUP and NBUP glucuronidation by placenta, and metabolite
accumulation in this tissue were not evaluated. To our knowledge, no placenta BUP
concentrations have been reported in authentic specimens after maternal BUP
administration.
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BUP treatment during gestation provides a unique model of controlled drug administration
to investigate BUP and metabolite disposition in placenta, and correlations between
maternal dose and placenta concentrations, and placenta concentrations and neonatal
outcomes. The neonatal abstinence syndrome (NAS) develops as a consequence of
withdrawal from chronic opioid exposure during gestation, and includes signs and
symptoms of dysfunction of the autonomic nervous system, gastrointestinal tract, and
respiratory system 22, With appropriate early medication and supportive interventions, NAS
can be alleviated without damaging consequences 23. Kacinko et al. 2 and Marquet et al. 2°
described correlations between BUP and metabolite concentrations in meconium and
neonatal outcomes, and the present research evaluates correlations in an alternative matrix -
placenta.

For the first time, the disposition of BUP and metabolites in placenta from pregnant opioid-
dependent women receiving BUP pharmacotherapy are reported, in conjunction with
maternal BUP doses, matched meconium concentrations and neonatal outcomes. Also, the
ability of placenta analysis to identify heroin and cocaine relapse during gestation was
investigated by comparing thrice-weekly urine specimen results collected during gestation to
drugs in this new alternative matrix.

MATERIALS AND METHODS

Participants

The Center for Addiction and Pregnancy (CAP) at the Johns Hopkins Bayview Medical
Center (JHBMC) in Baltimore, MD, recruited participants for a double-dummy, flexible,
randomized, stratified, parallel-group controlled study comparing methadone and BUP for
opiate addiction treatment during pregnancy 26. Inclusion criteria were 21-40 years old, 16—
30 weeks estimated gestational age (EGA) of the fetus by sonogram, Diagnostic and
Statistical Manual of Mental Disorders, 4™ Edition (DSM-1V) diagnosis of current opioid
dependence, maintenance pharmacotherapy request, recent self-reported opioid use of more
than 4 days in the past 7, and an opiate-positive urine specimen. Exclusion criteria were
undocumented methadone-positive urine, current DSM-1V alcohol abuse or dependence,
self-reported benzodiazepine use more frequent than 7 times a month or once weekly,
currently taking another Axis | disorder medication, serious concurrent illness, previous
diagnosis of preterm labor, evidence of fetal malformation, and human immunodeficiency
virus or sickle-cell trait positive tests 6.

Eligible applicants were stratified at study entry on cocaine use (yes/no), EGA (16-23
weeks and 6 days; 24-30 weeks) and opioid use (3 or less than 3, and greater than 3 times
per day). Participants were assigned to one of two treatment groups according to a
computerized dynamic balanced randomization procedure 7. Research staff, with no other
study involvement, generated the randomized allocation sequence. Additional study detail
and primary outcome data were previously published 26.

Maternal BUP dosing

All women received oral methadone for 3-5 days after initially qualifying for the protocol
during more extensive screening procedures. Women were randomized and transitioned to
study medication with immediate-release morphine in divided daily doses. BUP-maintained
women received sublingual BUP HCI (2 mg each, maximum 24 mg/day; manufactured by
Reckitt-Benckiser Healthcare UK Limited, Hull, England) and placebo tablets totaling 12
tablets/day, along with 40 mL liquid placebo. Double-blind medication increases or
decreases were determined by physicians based on medication compliance, participant
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request, urine toxicology results, and participant self-report of opioid withdrawal symptoms
or craving 26

Urine drug testing

Urine specimens were assayed 3 times a week for cocaine, opiates, cannabis, and
benzodiazepines by immunoassay (Dade Behring Diagnostics, Deerfield, IL) with cutoffs of
300 ng/mL for cocaine and opiates, 200 ng/mL for benzodiazepines, and 100 ng/mL for
cannabis 24,

Neonatal outcome measures

Apgar scores at 1 and 5 min, EGA at delivery, birth weight (g), head circumference (cm),
length (cm), hospital stay duration from birth until discharge to the research unit (days), and
NAS scores, need for treatment and amount of treatment were obtained from medical
records. NAS was systematically assessed for 10 days using a 19-item modified Finnegan
Scale 22: 26, Number of NAS observations varied from 6 to 8 per day while in the hospital to
2 per day while on the research unit. Time to NAS onset (h) was defined as the time from
birth until the first score >4. The score of 4 was selected as the cutoff on the basis of clinical
experience and preliminary blinded-condition comparison data from drug-exposed and
nondrug-exposed neonates 23, Peak NAS score was defined as the highest score obtained
and time-to-peak (h) was calculated from time of birth to peak NAS score. NAS duration (h)
was defined as the time from first score >4 to time after which all scores were <5. Treatment
for NAS with morphine solution (0.02 mg/drop) was initiated when a neonate received 2
consecutives scores of 9 or greater. Neonates were reduced in medication by one drop per
day if every score for 24 h was 8 or below, and they were discharged following 24 h of no
medication and NAS scores less than or equal to 8 26,

Placenta analysis

The entire term placenta was collected at delivery and stored at —20°C until analysis. BUP
and metabolites, NBUP, BUP-Gluc, and NBUP-Gluc were quantified in placenta by a
previously published LCMS procedure 28, Briefly, 2 g of placenta was homogenized in 6
mL 0.1% perchloric acid in water in the presence of deuterated BUP and NBUP. After 15
min centrifugation at 2,057 g, the liquid supernatant was subjected to solid-phase extraction
(SPE) with preconditioned Strata-XC cartridges (Phenomenex, Torrence, CA). Reverse-
phase separation was achieved with a Synergi Polar column (2.1x75 mm, 4 um;
Phenomenex, Torrence, CA) within 20 min under gradient conditions. Mobile phase
consisted of (A) 0.1% formic acid in water and (B) 0.1% formic acid in acetonitrile.
Quantification was achieved in a LCQ Deca XP Plus lon-Trap Mass Spectrometer
(ThermoScientific, San Jose, CA) with positive electrospray ionization by selected ion
monitoring of precursor ions m/z 468.4 for BUP; 414.3 for NBUP; 644.3 for BUP-Gluc, and
590.0 for NBUP-Gluc. BUP and NBUP were identified by MS2, monitoring fragments m/z
396.3, 414.0 and 426.2 for BUP, and 340.2, 364.2 and 382.2 for NBUP. Glucuronide
conjugates were identified by MS3 by m/z 396.0 and 414.0 for BUP-Gluc, and m/z 340.1 and
382.0 for NBUP-Gluc.

The assay was linear from 1 to 50 ng/g. Intra-, inter-assay, and total imprecision were
<14.7%, and analytical recovery was between 96.2 and113.1%. Extraction efficiencies
ranged from 40.7 to 66.5%, and process efficiency from 38.8 to 70.5%. No significant
matrix effect was detected for any compound. The method was specific (no endogenous or
exogenous interferences) and sensitive (LOD 0.8 ng/g).

Cocaine, benzoylecgonine (BE), morphine, codeine, 6-acetylmorphine (6AM), methadone,
and 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine (EDDP), were quantified in placenta
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by LCMS 22, Briefly, 5 mL of 0.1% perchloric acid were added to 1 g of human placenta in
a blender until complete homogenization. Deuterated internal standard solution was added to
the homogenate, followed by centrifugation. The supernatant was subjected to SPE with
mixed mode-reversed phase Strata-XC cartridges (Phenomenex, Torrence, CA).
Chromatographic separation was performed on a Synergi Polar RP column (75 mm x 2.1
mm, 4 um; Phenomenex, Torrance, CA) with a gradient of (A) 0.1% formic acid and (B)
acetonitrile. Transitions monitored in a LCQ Deca XP lon-Trap Mass Spectrometer (Thermo
Scientific, San Jose, CA) with positive electrospray ionization were as follows:

310.1>265.0, 247.1, 219.2 for methadone, 278.2>249.1, 234.2 for EDDP, 304.1>182.1,
150.1, 82.1 for cocaine, 290.1>168.1, 150.0, 82.1 for BE, 286.2>201.1, 229.0, 268.1 for
morphine, 300.2>215.1, 243.0, 282.2 for codeine, and 328.2>211.1, 268.1, 193.1 for 6AM.
Calibration curves were linear between 10-2000 ng/g for methadone, and 2.5-500 ng/g for
the rest of the analytes. Intra and inter-assay imprecision were <15.0%, and intra- and inter-
assay analytical recovery were >85.0% for all analytes. Extraction efficiency was >46.0%,
with significant matrix effect, although deuterated internal standards compensated for ion
suppression or enhancement.

BUP and metabolite disposition in placenta

BUP and metabolite concentrations were examined in 4 different locations in each of the 5
term placentas from BUP-maintained pregnant women (1 monozygotic set of twins and 4
single births). These locations were numbered from 1 to 4 according to closeness to the
umbilical cord: 1 closest (1 cm) to umbilical cord, 2 and 3 intermediate locations (4 and 6
cm), and 4 farthest (10 cm) from the umbilical cord. Placenta specimens included maternal
and the fetal portions. The variability of biomarker distribution in the tissue was expressed
as concentration CV of each analyte in these 4 locations. To better understand placenta
function, plasma from the mother at delivery (n=2) and umbilical cord plasma (mixture of
vein and arterial blood, n=6) were analyzed using a previously published method 0.

Statistical analyses

RESULTS

Participants

Statistical analyses were performed with SPSS version 13.0. Pearson correlations evaluated
relationships between placenta and meconium concentrations, placenta concentrations and
maternal BUP dose, and placenta concentrations and neonatal outcomes. Statistical
probability (p) <0.05 was considered statistically significant. The Kolmogorov-Smirnov test
was employed to evaluate normal distribution of the data. Placenta concentrations of BUP,
NBUP, BUP-Gluc, and NBUP-Gluc were mean values of the 4 locations analyzed from each
placenta. T-test was employed to compare dosing, time since last dose before delivery, and
EGA differences between group with NBUP as predominant metabolite and group with
NBUP-Gluc as predominant metabolite in placenta.

A total of 1,490 women were screened, with 57 preliminarily qualified and consented to
participate in the study. Most women did not qualify for continued screening due to entrance
into treatment outside the allowed gestational age or lack of qualification for methadone
maintenance at CAP treatment entry 28, Finally, 30 women were randomized, 15 to
methadone and 15 to BUP, of which 9 BUP-maintained women participated through
delivery. Five of 9 term placentas were collected and correctly labeled from 1 monozygotic
set of twins (participant A) and 4 single births (participants B, C, D, and E), yielding 5
placentas and 6 infants. Demographic, self-reported drug use history, and BUP dosing are
included in Table 1. No participant provided a urine sample that screened positive for
cannabis throughout pregnancy. Participant B’s urine specimens were positive for
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benzodiazepines 22.2% of the time, with her last positive result 43 days before delivery.
Cocaine and opiates urine screening results are shown in Table 2.

Neonatal outcomes

Three male and 3 female normal birth weight infants were delivered full-term. None
required treatment for NAS. Neonatal outcome measures are summarized in Table 3.

Analytical results

BUP and/or metabolites were detected in all 5 term placenta specimens as described in
Table 4. BUP was not detected in one placenta (placenta E), and the predominant analyte
was NBUP-Gluc in 3 cases (placenta C, D, and E) and NBUP in 2 (placenta A and B). BUP
concentrations ranged from none detected to 3.2 ng/g (median 1.6 ng/g), NBUP from 6.2 to
24.2 ng/g (median 14.9 ng/g), BUP-Gluc from 1.3 to 5.0 ng/g (median 3 ng/g) and NBUP-
Gluc from 11.4 to 25.8 ng/g (median 14.7 ng/g). Biomarker concentration variability were
within 27.5% CV in 4 different areas of each of 5 placentas, except for BUP in subjects C
and D, where BUP was not detected in locations 2, 3 or 4. Inter-individual variability was
much higher for BUP (n=4, 85.9%; and none detected in participant E), than for NBUP
(n=5, 36.3%), BUP-Gluc (n=5, 38.6%), and NBUP-Gluc (n=5, 25.8%). BUP and metabolite
concentrations in meconium 24 and in umbilical cord plasma 30 from these subjects were
previously reported. Table 5 summarizes BUP and metabolite concentrations in maternal
plasma, placenta, umbilical cord plasma, and meconium for all available data.

Cocaine and opiates were analyzed in one intermediate location in each placenta. Morphine
was 9 ng/g in placenta A; cocaine, BE, codeine, 6AM, methadone, and EDDP were not
detected in any specimen.

Correlation of placenta and meconium BUP biomarker concentrations

Pearson correlation coefficients were calculated for placenta and meconium analyte
concentrations, total BUP and metabolite concentration (BUP+NBUP+BUP-Gluc+NBUP-
Gluc), and BUP/NBUP, BUP/BUP-Gluc, and NBUP/NBUP-Gluc ratios. There were no
significant correlations between placenta and meconium concentrations or ratios.

Correlation of maternal BUP dose and BUP and metabolite placenta concentrations

Pearson correlation coefficients were calculated for BUP, NBUP, BUP-Gluc, NBUP-Gluc
concentrations, total BUP and metabolite concentration, and BUP/NBUP, BUP/BUP-Gluc,
and NBUP/NBUP-Gluc ratios in placenta and days enrolled at delivery, BUP dose at
delivery, mean daily dose (from enrollment to delivery), mean 3" trimester daily dose, mean
last month daily dose, cumulative dose (from enrollment to delivery), cumulative 3'd
trimester dose, and cumulative last month dose. A statistically significant positive
correlation was observed between maternal mean daily BUP dose throughout gestation and
placenta BUP-Gluc concentration (p=0.029, r=0.86, n=5). See Figure 1. No correlations
were found between any measure of maternal BUP dose and BUP, NBUP or NBUP-Gluc
placenta concentrations.

Correlation BUP and metabolite placenta concentrations and neonatal outcomes

Pearson correlation coefficients were calculated for BUP, NBUP, BUP-Gluc, NBUP-Gluc
concentrations, total BUP and metabolite concentration, and BUP/NBUP, BUP/BUP-Gluc,
and NBUP/NBUP-Gluc ratios in placenta and birth weight (g), head circumference (cm),
length (cm), EGA at delivery (weeks), Apgar scores at 1 and 5 min, length of hospital stay
(days), peak NAS score, time to peak NAS score (hours), time to NAS onset (hours),
duration of NAS (hours), and % NAS scores >4. Since weight, length, head circumference,
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and gestational age at delivery can be altered by twin status, these correlation analyses were
performed without twin data (n=4).

Placenta NBUP-Gluc concentration correlated positively with time to NAS onset (p=0.009,
r=0.96, n=6), and negatively with duration of NAS (p=0.042, r=—0.89, n=6). NBUP/NBUP-
Gluc ratio correlated positively with maximum NAS score (p=0.023, r=0.87, n=6), and
negatively with newborn length (p=0.009, r=—0.99, n=4). See Figure 1. No correlations
were found between BUP or BUP-Gluc and neonatal outcomes.

Comparison between NBUP-Gluc and NBUP as predominant analyte groups

The NBUP-Gluc group showed statistically significant higher EGA than the NBUP group
(p=0.001). No statistically significant differences were observed between these groups with
regard to maternal dosing and time since last dose before delivery.

DISCUSSION

BUP and/or metabolites were detected in all placenta specimens from BUP-maintained
pregnant women, with NBUP or NBUP-Gluc as the predominant analyte, followed by BUP-
Gluc, and BUP, only in low concentrations. Placenta specimens with NBUP-Gluc as the
predominant analyte were from women with a significantly higher EGA at delivery than
those with NBUP as the primary analyte (p=0.001), suggesting that glucuronidation may
depend upon fetal or placental maturity. In maternal plasma at delivery and in umbilical cord
plasma, the distribution of BUP and metabolites was: NBUP-Gluc>BUP-
Gluc>NBUP>BUP. BUP and metabolites may just accumulate in placenta, but most likely
metabolism occurs as well. Compared to concentrations in maternal plasma, NBUP
concentrations are higher in placenta. Similarly, compared to umbilical cord plasma, thought
primarily to reflect fetal blood circulation, NBUP concentrations are higher and NBUP-Gluc
concentrations are lower in placenta than in umbilical cord plasma. In accordance with
Nanovskaya et al 21, these data suggest that the placenta is capable of phase | metabolism,
transforming BUP to NBUP, thus, increasing NBUP concentrations in this tissue. Also these
data suggest that the fetus is able to metabolize NBUP to NBUP-Gluc (phase 11 metabolic
capability), because NBUP-Gluc concentrations increase and NBUP concentrations decrease
in umbilical cord plasma compared to placenta (Table 5). BUP-Gluc concentrations decrease
from maternal plasma to placenta and from placenta to umbilical cord plasma, suggesting
reduced diffusion of this analyte from the mother to the fetus through the placenta. BUP-
Gluc concentrations in placenta could result from direct deposition from maternal blood, or
from phase 11 BUP metabolism in this tissue.

A statistically significant positive correlation was noted between maternal mean daily BUP
dose and placental BUP-Gluc concentration. A possible mechanism for this finding could be
saturation of phase | BUP metabolism to NBUP in placenta, as BUP dose increases. This
might shift BUP metabolism to phase Il glucuronidation, yielding higher placental BUP-
Gluc concentrations at higher BUP doses. Another possibility is that BUP-Gluc simply
accumulates in placenta from maternal blood, increasing concentrations at higher BUP
doses.

No significant differences in BUP and metabolite concentrations in different areas of the
placenta were observed, except that BUP, present in the lowest concentrations of the 4
analytes (3.2 ng/g maximum), was not detected in some distant locations from the umbilical
cord in some specimens. Placenta specimens collected close to the umbilical cord (location
1) were more likely to yield positive BUP results, suggesting that this is the optimal
collection location for BUP detection. However, BUP metabolites exhibited homogeneous
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distribution in the tissue (CV<27.5%), yielding positive results with similar concentrations
in any of the evaluated locations.

Comparing BUP biomarkers in placenta and meconium, there were differences in the
predominant analyte detected, and in analyte concentrations. In meconium, NBUP
concentrations >373.4 ng/g were found in all specimens, whereas in placenta, the main
analytes were NBUP and NBUP-Gluc at concentrations between 6 and 26 ng/g. NBUP-Gluc
was not detected in 2 of 6 meconium specimens. BUP, identified in all meconium specimens
(8.2-110 ng/g), was absent in one placenta, non-detectable in certain placenta locations from
2 subjects, and the highest concentration was only 3.2 ng/g. The physicochemical properties
of the biomarkers, placental diffusion and metabolism, and fetal metabolism may influence
differential accumulation in these matrices. The enterohepatic circulation of BUP
contributes to its accumulation in meconium. Cone et al. reported that free BUP and NBUP
were detected in higher concentrations in adult feces than the glucuronides 3Z.

Cocaine and opiates were detected in both meconium specimens from subject A twins 24,
while subject A placenta was only positive for morphine. Meconium specimens contained
122 and 124 ng/g m-OH-benzoylecgonine with cocaine and BE concentrations from 5 to 11
ng/g. A limitation of this investigation was the lack of inclusion of other cocaine metabolites
in the placenta method besides BE. Addition of other biomarkers (ecgonine methyl ester, m-
OH-benzoylecgonine) may have improved identification of cocaine exposure in placenta
specimens, although no data are yet available on cocaine and metabolites concentrations in
this alternative matrix. With regard to opiates, morphine concentrations were much higher in
meconium (1163 and 1185 ng/g) than in placenta (9 ng/g).

Few published placenta drug data following in utero exposure are available 32735 with only
3 studies also reporting meconium results 32734, Alprazolam and its metabolite a-
hydroxyalprazolam were detected in meconium and placenta in nearly the same
concentrations (7-9 ng/g) in a mother who reported consumption of 1.5-mg/day alprazolam
during pregnancy 32. In another case, a mother drinking 1L/day of homemade mate
containing 930 mg caffeine and 620 mg theobromine had higher placenta (caffeine 56.9 ng/
g, theobromine 45.3 ng/g) than meconium concentrations (caffeine 27.0 ng/g, theobromine
40.1 ng/g) 3. In the third report, 6 women chewed betel nut (arecoline) during pregnancy
but no data on amount, timing, and duration of drug exposure were recorded. In these cases,
arecoline was detected in all placenta specimens (9-15 ng/g) but only in 4 of 6 meconium
specimens albeit at similar concentrations (6-22 ng/g) 34. These 3 case reports showed good
concordance between placenta and meconium, whereas our results indicate that meconium
identifies drug exposure better than placenta.

In the present study, placenta concentrations were much lower than meconium
concentrations for BUP and metabolites (from 15 to 70-fold), for morphine (130-fold), and
although cocaine was detected in meconium, it was not identified in placenta. The nature of
the specimen is completely different; placenta tissue is dynamic, constantly infused with
maternal and fetal blood, and metabolically active whereas meconium is more static, acting
as a depot from as early as the 12t week of gestation. Differences in drug accumulation in
placenta and meconium are dependent on physicochemical properties, pharmacokinetic
factors, placenta diffusion and metabolism, and fetal metabolism. If an analyte is lipophilic
and subject to enterohepatic circulation, there will be more accumulation in meconium than
placenta. The timing and frequency of drug exposure also are key factors.

Our recent research indicates that meconium primarily reflects in utero drug exposure in the
3" trimester 23, 36, but there are few data describing the placental window of detection.
Lozano et al. 37 suggested that placenta reflects drug exposure for only several hours, but
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our data document a window of opiate detection of at least 1 week; morphine was quantified
in just one placenta from a mother, participant A, whose last opiate positive urine specimen
was 7 days prior to delivery (Table 2). Comparing maternal urine drug tests throughout
gestation and drugs in placenta demonstrated that high drug consumption in the 39 trimester
is an important factor influencing incorporation of drugs in placenta. For example,
participant A had 74% opiate-positive urine specimens and an opiate positive placenta
specimen (Table 2). According to urine test results, all mothers, except participant E,
relapsed to cocaine during pregnancy, with the last cocaine positive urine 8-82 days prior to
delivery. Cocaine and metabolites were not detected in any placenta (n=5). Mother A had
40.7% cocaine-positive urine specimens in the 3™ trimester (Table 2), with the last cocaine
positive urine 8 days prior to delivery, suggesting that the window of drug detection in
placenta may be less than one week for cocaine, or that a cocaine biomarker other than
cocaine and BE could be important for placental identification of cocaine exposure.
Additional research with a larger cohort is needed to establish cutoff concentrations and
windows of detection for drugs in placenta. Although meconium offers several advantages
over placenta including higher drug concentrations and a longer window of drug detection,
placenta can be useful in cases where meconium is not available, or for the identification of
recent drug consumption. Meconium appears to be a static repository for drugs comsumed
primarily in the 3" trimester, while placenta has a more dynamic role in drug metabolism
and protection of the fetus.

To the best of our knowledge only two articles described correlations between BUP and
metabolite concentrations in meconium and neonatal outcomes 24 25, and the present work
is the first describing correlations with placenta levels. Marquet et al. 2 reported that the
meconium of infants who experienced withdrawal (n=9) tended to have higher BUP
concentrations than those who did not (n=6), but no relationship was noted for NBUP.
Kacinko et al. 24 observed statistically significant negative correlations between free and
percentage of free BUP concentrations in meconium and head circumference in 10 neonates
of BUP-maintained women (5 of whom were included in the present study). Also, there was
a negative correlation between free BUP/free NBUP ratio and time to NAS onset, and free
NBUP% and time to peak NAS score. Total BUP, free BUP/free NBUP ratio, and total
BU;/totaI NBUP ratio were all significantly correlated with the percentage of NAS scores
>4 24,

Although the number of placenta specimens (n=5) in this research was limited, statistically
significant correlations between BUP metabolite concentrations and neonatal outcomes were
observed with high correlation coefficients (r>0.83). NBUP-Gluc concentrations in placenta
correlated positively with time to NAS onset, and negatively with duration of NAS, and the
NBUP/NBUP-Gluc ratio correlated positively with maximum NAS scores and negatively
with the length of the newborn. In this group of pregnant women receiving BUP treatment in
similar doses, higher NBUP-Gluc concentrations in placenta predicted better neonatal
outcomes, indicating that less BUP reaches the fetus. The placenta may protect the fetus
from BUP exposure metabolizing BUP to NBUP, with further transformation to NBUP-
Gluc that accumulated in placenta. The maternal-placenta-fetal unit is a complex system,
with enzymes, transporters, and a drug’s physicochemical properties modifying biomarker
concentrations. Furthermore, heroin and morphine were shown to induce CYP19 activity, 38,
while tobacco smoking had no affect 3°.

These data require replication due to the small number of specimens. Also, the affect of
concurrent cocaine and opiate use on outcome results should be investigated further.
However, analysis of placenta, an alternative biological matrix, available at time of birth in
adequate amounts, appears to provide valuable data on neonatal outcomes. Treatment of this
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vulnerable population of in utero exposed infants could be improved if the onset and
severity of NAS could be predicted.
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y =1.8483x + 10.117
R?= 0.7334

y =5.4619x + 0.6439

Statistically significant correlations between buprenorphine-glucuronide (BUP-Gluc)
concentrations in placenta and maternal buprenorphine dose, and between norbuprenorphine
(NBUP) and norbuprenorphine-glucuronide (NBUP-Gluc) concentrations in placenta and
neonatal outcomes.
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