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FORENSIC TOXICOLOGY

Detection of drugs in paired maternal and umbilical cord blood samples

Florian Veit"', Freidoon Erdmann', Christoph Birngruber', Reinhard Dettmeyer

Abstract: Objectives. The consumption of drugs during pregnancy or delivery leads to pre and intranatal drug exposure
of the fetus. The purpose of this study was to examine paired blood samples of the mother and the umbilical cord regarding drug

distribution.

Methods. Over a period of two years, 22 pregnant women with known or admitted drug use were selected. Paired
blood samples of the mothers and the umbilical cord blood were collected shortly before and during birth/caesarean section,
respectively. The samples were subjected to systematic immunochemical, HPLC-DAD, GC/MS and LC-MS/MS analysis and

compared regarding presence of drugs.

Results. Methadone, THC-COOH, tramadol, benzoylecgonine, citalopram, carbamazepine, lamotrigine, perazine,
methylphenidate, quetiapine, ranitidine and most constituents of spinal and epidural anaesthesia were found in both, maternal
and umbilical cord blood samples. THC, 11-OH-THC, olanzapine, diphenhydramine and telmisartan were found in maternal

blood only.

Conclusions. As previously shown a variety of drugs is able to pass the placenta of pregnant woman. Umbilical cord blood
appears to be a viable matrix for the detection of maternal drug consumption. Drugs administered during labour and birth could
be detected in umbilical cord blood. Further studies with a greater collective of women with known drug use including analyses
of fetal/infant samples will yield additional information in the future.
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INTRODUCTION

Maternal consumption of pharmaceuticals
during pregnancy is a frequent and common matter.
In this context, in-utero drug exposure due to
abuse of pharmaceuticals or the use of illicit drugs
is a widespread problem [1]. The exposure of the
developing fetus or the newborn infant to these
drugs is influenced by the placental permeability for
a specific substance (concentration gradient (dose
administered to the mother), physical and chemical
properties of drug molecules), the metabolism of the
substances, active transport mechanisms, etc. [2-9].
The mechanisms of placental transport are well
described elsewhere [2-9], although when dealing with
inexplicable drug exposure of infants or newborn babies

in for instance forensic or criminal proceedings, it raises
the question whether the substance was administered
directly or ingested via placental transfer. Against this
background the present study aimed to analyse and
compare paired blood samples collected from pregnant
women with known medication or admitted drug
abuse. Samples were collected before or shortly after
birth and from their umbilical cord during birth, in
order to examine which drugs are actually detectable in
umbilical cord blood and whether drugs administered
during labour and/or delivery reach the unborn child.
These findings might provide information supporting
the interpretation of for instance toxicological findings
in forensics (window of detection and degree of
exposure).
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METHODS

Over a period of two years we collected 22 blood
samples from pregnant women and the umbilical cord
vein of their newborns. Blood samples from the mothers
were taken before or shortly after birth, but on the day
of delivery. Umbilical cord blood samples were taken
during birth.

The following information were captured: Date
and time of birth, Caesarean section (yes/no), withdrawal
symptoms (yes/no), age of mother, duration of pregnancy,
medication (current and during pregnancy), use of illicit
drugs, alcohol consumption and drug use / abuse prior to
pregnancy.

Plasma  samples  were  screened by
immunochemical analysis for cannabinoids, opiates,
cocaine metabolites, benzodiazepines, methadone,
amphetamine, synthetic designer drugs, tricyclic
antidepressants and admitted drug intake. Further
screening and validation of achieved data was performed
using GC-MS, HPLC-DAD and / or LC-MS/MS.

Immunochemical analysis

Immunochemical analyses were performed
using the fully automated Olympus AU400 Chemistry
Analyzer and 200 pl serum in case of cannabinoids,
opiates, cocaine  metabolites,  benzodiazepines,
methadone and tricyclic antidepressants. Screening for
amphetamines and methamphetamines was performed
using the Alere Microplate Kit for amphetamines and
methamphetamines. When necessary, samples were
precipitated with 2 mL acetone.

Gas chromatography-mass spectrometry (GC-MS)

Depending on the analyte 0,5 - 1 mL serum
was extracted using solid phase (SPE) or liquid-liquid
extraction. In case of SPE elution was performed using
methanol and/or  dichlormethane/iso-propanol/NH3
(80:20:4; v:v:v). After evaporation to dryness derivatization
was achieved by adding either acetic anhydride/pyridine
(screening), or acetic anhydride/ perfluoropropionic
anhydride (PFPA; cocaine and opiates), or methyl-bis-
heptafluor(o)butyramide (MBHFBA) or N-Methyl-N-

(trimethylsilyl)trifluoroacetamide (MSTFA)/ ethyl acetate
(cannabinoids) and incubation in 100°C for 30 minutes.
Extracts were then resuspended in 70 pl ethyl acetate.

High-Performance Liquid Chromatography
with Diode-Array Detection (HPLC-DAD)

One mL serum was buffered with 3 mL phosphate
buffer pH 6 (screening) or pH 9 (benzodiazepines)
and extracted using 1-chlorbutane/ isopropanol (9:1)
(screening) or dichlormetane/ isopropanol (9:1)
(benzodiazepines) liquid-liquid extraction. Samples were
then evaporated to dryness and resupended with 70 pL
acetonitrile.

Liquid  chromatography- tandem  mass
spectrometry (LC-MS/MS)

Fifty pL serum were mixed with 150 pL methanol.
The mixture was filtered using a cellulose acetate filter
and used for analysis.

RESULTS

Admitted or known intake of drugs during
pregnancy

Out of 22 women in the study collective, four
were known to be substituted with methadone. Five
women took the antiepileptic lamotrigine during
pregnancy. Two women took citalopram, one perazine,
one olanzapine, one carbamazepine, one quetiapine and
two methylphenidate. Two women did not provide any
information (Fig. 1 A). One woman admitted the use of
cocaine four days prior to delivery.

Medication during birth

Four women in the study collective got an
epidural anaesthesia during birth, three women a spinal
anaesthesia and one was known to be treated with fentanyl.
In 14 cases no information regarding medication prior to
or during birth was available (Fig. 1 B).

Methadone
Seven out of 22 women were substituted
with methadone. In all seven cases methadone as

m Methadone (7)

m Lamotrigine (4)

W Citalopram (2)

M Perazine (1)

M Olanzapine (1)

B Methylphenidate (2)

m Quetiapine (1)

W Carbamazepine (1)
Cocaine (1)

» unknown (2)

W Fentanyl (1)

M Spinal anaesthesia (3)

mPDA (4)

munknown (14)

Figure 1. Overview of the indicated drug consumption by the 22 participants of the study (A) and of the pharmaceuticals
administered before and during delivery / caesarean section (B). () = number of cases.

186



Romanian Journal of Legal Medicine Vol. XXV, No 2(2017)

Table 1. Overview of the qualitatively detected substances in maternal (mother) and umbilical cord (UC) plasma

Detected Substances

Drugs prior/during delivery

Case 1 Mother  Ranitidine, Norfentanyl Fentanyl: 0,2 ml
UC Ranitidine, Norfentanyl
Mother  Bupivacaine, Diphenhydramine, Ranitidine Spinal anaesthesia
Case 2 . .
UcC Bupivacaine
Case 3 Mother  Bupivacaine Spinal anaesthesia
UC Ranitidine
Mother  Perazine Taxilan (Perazine): 25 mg, 1-0-0
Case 4 .
ucC Perazine
Case 5 Mother  Norfentanyl, Ropivacaine, Lidocaine, Meptazinol =~ Epidural anaesthesia
UuC Norfentanyl, Ropivacaine, Lidocaine, Meptazinol
Case 6 Mother  Olanzapine, Mepivacaine, Bupivacaine Epidural anaesthesia, Zyprexa (Olanzapine) 10 mg: 0-0-1
uUcC Mepivacaine
Case 7 Mother  Methylphenidate, Telmisartan unknown
ucC Methylphenidate
Case 8 Mother  Methylphenidate, Quetiapine Seroquel (Quetiapine)
uC Methylphenidate, Quetiapine
Mother  Methylecgonine, Benzoylecgonine Cocaine 4 days before delivery (see also figure 3 C)
Case 9 . .
UC Methylecgonine, Benzoylecgonine
A

Methadone [pg/L]

(45 mg/d) | (30 mg/d) |(unknown)| (24 mg/d) | (30 mg/d) |(unknown)| (25 mg/d)
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~
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(45 mg/d) | (30 mg/d) |(unknown)| (24 mg/d) | (30 mg/d)

(unknown)| (25 mg/d)

Figure 2. Concentration of methadone (A) and EDDP (B) in maternal (M) and umbilical cord (UC) plasma. d = day.

well as the metabolite 2-ethylidene-1,5-dimethyl-3,3-
diphenylpyrrolidine (EDDP) was found in the blood
taken from the umbilical cord (Fig. 2). The average
concentration of methadone in the maternal plasma
exceeded the concentration in the umbilical cord by
factor 1.9 £ 0.37. In the available seven dyads the pattern
appeared to be independent of the daily methadone dose.
In one case (Case 4) methadone and EDDP concentration
in the umbilical cord plasma exceeded the concentrations
in the maternal plasma.

Lamotrigine

Four women indicated regular taking of
lamotrigine. However, the substance could only be
detected in two out of four cases. In these two cases
maternal and umbilical cord plasma concentrations
correlated with the indicated daily intake (Fig. 3 A). The
lamotrigine maternal/umbilical cord serum concentration
ratios were 1.27 (Case 1) and 1.16 (Case 2).

Tramadol

In one dyad, we were able to detect tramadol
in maternal and umbilical cord plasma (Fig. 3 B). The
tramadol levels in both samples were almost equal (4.0

pg/L in maternal plasma; 4.7 pg/L in umbilical cord
plasma).

Cocaine

Inonecase,the motheradmitted the use of cocaine
four days prior to delivery. We found benzoylecgonine,
traces of methylecgonine but no cocaine in maternal and
umbilical cord plasma (Fig. 3 C and Table 1 (Case 9). In
this one case benzoylecgonine levels in umbilical cord
plasma were higher than in maternal plasma.

Cannabinoids

Two of the women who were known to
be substituted with methadone were positive for
cannabinoids as well. Tetrahydrocannabinol (THC) as
well as the metabolites THC-COOH und 11-OH-THC
were detected in maternal plasma. In contrast, only
THC-COOH was detected in the umbilical cord plasma
(Fig. 4).

Citalopram

Citalopram was found in maternal and umbilical
cord plasma in one case (Fig. 3 D). Citalopram levels
were similar.
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Figure 3. Concentration of lamotrigine (A), tramadol (B), benzoylecgonine (C), citalopram (D) and carbamazepine (E) in
maternal (M) and umbilical cord (UC) plasma. n. d. = not detected.

A 45 -
40 -
35 4
30 4
25 4

20 o

[ne/L]

15

10 +

Figure 4. Concentration of cannabinoids in maternal (M) and
umbilical cord (UC) plasma. THC = Tetrahydrocannabinol;
THC-11-OH = 11-Hydroxy-A9-THC; THC-COOH = 11-Nor-
9-carboxy-A9-THC.

Carbamazepine

In one case, carbamazepine could be detected
in maternal and umbilical cord plasma (Fig. 3 E).
Carbamazepine concentrations were higher in maternal
plasma.

Epidural and spinal anaesthesia
Since the constituents of the epidural and
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spinal anaesthesia (bupivacain, ropivacaine, lidocaine,
mepivacaine, meptazinol and fentanyl) and their
concentrations were known, we did not aim to quantify
the detected substances. Bupivacaine, ropivacaine,
lidocaine, mepivacaine, fentanyl and meptazinol could be
detected in maternal and umbilical cord plasma (Table 1).
However, this was not true for all deliveries where those
substances were administered.

Miscellaneous

In the present case of olanzapine intake, the
substance could only be detected in maternal plasma.
Perazine, quetiapine and methylphenidate were found
in maternal and umbilical cord plasma (Table 1). In one
case diphenhydramine was found in maternal plasma,
but could not be detected in the associated umbilical
cord. The same was true for telmisartan. Ranitidine was
detected in the maternal and umbilical cord plasma
(Table 1).

DISCUSSION
As shown previously [10-14], methadone

and EDDP in utero exposure can be determined in
the umbilical cord blood. While average methadone
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concentrations were higher in maternal blood,
average EDDP concentrations were almost similar.
This observation appeared not to depend on the daily
methadone intake. The ability of methadone to pass
the placenta, the determination of methadone and
its glucuronide conjugates in maternal and umbilical
cord plasma and the neonatal outcomes of methadone
consumption during pregnancy have been extensively
discussed elsewhere [1, 10-14] and are not subject of
this study. Based on the limited number of samples, our
findings are in accordance to the previous observations.
However, methadone and EDDP concentrations in
maternal and umbilical cord plasma did not seem to
correlate with the admitted daily methadone intake. This
observation might be attributed to individual variations
in dose and rate of metabolism, time of intake and
possible parallel consumption.

Regarding teratogenic effects of methadone use/
abuse during pregnancy, a decrease in mean birth weight,
a smaller head circumference and birth length, pre-term
birth and neonatal abstinence syndrome (NAS) have
been described [15, 16].

The lamotrigine maternal and umbilical cord
plasma levels were almost similar. These findings are in
line with previous observations where the lamotrigine
infant/maternal serum concentration ratio ranged in
monotherapy from 0.40 to 1.38 (median 0.91) and
lamotrigine levels in serum correlated strongly with
the lamotrigine levels in cord blood [17, 18]. The
current literature indicates no difference in the overall
malformation rate between the children exposed to
lamotrigine and any type of control group [19].

Like morphine [20], tramadol is a lipophilic
compound which can readily cross the human placenta
[21, 22]. Although tramadol was detected in one dyad
only, our findings also indicate that tramadol possesses
a distinct placental permeability with similar tramadol
levels in maternal and umbilical cord plasma. Teratogenic
effects of tramadol have been described, but the risk
increase appeared to be moderate [23].

Cocaine has been reported to pass the human
placenta [11]. However, in a case of admitted cocaine
consumption four days prior to delivery, we were
only able to detect benzoylecgonine and traces of
methylecgonine in paired maternal and umbilical cord
plasma. Benzoylecgonine levels in the umbilical cord
were higher than in the paired maternal plasma. The lack
of cocaine detection can probably be attributed to the
time span between cocaine intake and sampling as well as
the fast metabolism of cocaine. The link between cocaine
use during pregnancy and teratogenicity is mainly based
on case reports. The described teratogenic effects include
limb reduction, genitourinary tract malformations,
cleft palate, congenital cardiovascular malformations,
developmental delay and direct effects of cocaine on
cortical neurodevelopment [24-31].

Antidepressants and their metabolites were
shown to be detectable in umbilical cord samples. In
comparison with fluoxetine, paroxetine and sertraline,
citalopram showed the highest ratio of cord to
maternal serum concentrations suggesting an efficient
placental transfer [32-34]. However, umbilical cord
levels of citalopram were almost invariably lower than
corresponding maternal levels. These findings are
supported by our observation. Citalopram was detected
in paired maternal and umbilical cord plasma, with a
slightly higher concentration in maternal plasma. To
our knowledge, there is no significant association of
citalopram with congenital malformation.

Even though our results indicate a placental
transfer of carbamazepine, maternal plasma levels
exceeded umbilical cord concentrations by far.
While based only on one mother/umbilical cord pair,
this observation might be misleading. Regarding
carbamazepine, it has recently been shown that even
carbamazepine in drinking water and at typical
environmental concentrations is transmitted from
mother to embryo [35]. In the underlying case, date
and dose of carbamazepine intake were not known,
but based on the findings published by Kaushik and
colleagues [35] a higher transfer ratio can probably be
expected. Children exposed to carbamazepine in utero
were shown to have an increased risk of having a major
malformation like oro-facial malformations and neural
tube malformations [19].

In the two cases of cannabinoid consumption
during pregnancy, only the metabolite THC-COOH
was found in umbilical cord blood plasma, while THC,
11-OH-THC and THC-COOH was detected in maternal
plasma. Due to their lipophilic nature cannabinoids are
able to cross the placental barrier [36]. In Rhesus monkeys
THC was detectable in fetal plasma 15 min after infusion
of the mother and fetal THC plasma concentrations
equilibrated to maternal concentrations within 3 h [37].
Also THC, 11-OH-THC and THC-COOH were shown
to be detectable in meconium, clearly demonstrating the
placental permeability [38].

In the two cases on hand, the form of
consumption, the date of intake and the consumed
amount were not known. The absence of THCand 11-OH-
THC in umbilical cord plasma in the present study might
be attributed to low maternal THC and 11-OH-THC
plasma levels in the umbilical cord. Antenatal use of
cannabinoids has been associated with long-term effects
like inattention, impulsivity, deficits in problem-solving
that require sustained attention and visual memory,
analysis and integration, increased errors of omission and
academic underachievement in the spelling and reading
areas [39-45]. Although teratogenic effects of cannabis
in human have been described [46-48], most literature
suggests lack of or modest teratogenicity.

All detectable constituents of the epidural
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and spinal anaesthesia administered during labour
(bupivacain, ropivacaine, lidocaine, meptazinol and
fentanyl) were found in umbilical cord plasma. As
previously shown, this suggests a fast and significant
placental transfer of these substances during labour [49-
62].

Olanzapine could only be detected in maternal
plasma but has been described to readily cross the human
placenta in a normal-term placenta perfused single
cotyledon system [63]. The lack of olanzapine detection
might be attributed to a problem with sample preparation
or very low concentrations in the umbilical cord plasma.
In line with previous studies, we were also able to detect
a substantial placental transfer of ranitidine [54] and
perazine. Time and amount of intake were not known.
The current literature suggests no associations of H(2)-
blockers was with perinatal mortality, premature
delivery, low birth weight, low Apgar scores and other
major teratogenic risk of malformations [64-67]. To
our knowledge, there are no studies available regarding
possible teratogenic effects of perazine.

Recently, Peters and colleagues showed that
methylphenidate crosses the placenta of mice and
reaches measurable concentrations in fetal brain [68].
In our study we were able to show, that methylphenidate
passes the human placenta as well. Although further
studies and quantitative measurements are needed, the
potential risk of fetal methylphenidate exposure should
be considered. In 1993 Debooy and colleagues described
prematurity, growth retardation, and signs of neonatal
withdrawal after intravenous methylphenidate abuse
during pregnancy, but no particular teratogenic anomaly
or severe developmental delay [69]. Apart from that,
possible teratogenic effects of methylphenidate have
recently only been addressed in rats, rabbits and mice
[70-72].

References

Furthermore diphenhydramine and telmisartan
were detected in maternal plasma. To our knowledge
the placental transfer of diphenhydramine has only been
studied in sheep and rats [73-76]. At least in sheep, rapid
and extensive placental transfer of diphenhydramine after
maternal drug administration has been shown [73-75].
In contrast, we were not able to detect diphenhydramine
in the umbilical cord plasma. However, again dose and
time of intake were unknown. Thus further testing
will be necessary in order to investigate the placental
permeability of diphenhydramine in humans. Same is
probably true for telmisartan. According to the current
literature telmisartan has fetal toxic effects with neonatal
acute renal failure and/or renal impairment [77, 78]. Yet
there is no information available on placental permeability
of telmisartan in humans.

This study aimed to begin the compilation of
an overview on the ability of pharmaceuticals and illicit
drugs to cross the barrier of the human placenta and
on their traceability. Although some of the findings are
only based on single observations, these data can be of
significant help when examining drug exposure of infants
or newborn babies in forensic or criminal proceedings.
In addition many of the substances which are able to
cross the human placental barrier were shown to be
teratogenic. Thus, not only the elucidation of for instance
an inexplicable drug exposure in infants or newborns,
but also possible links between antenatal drug exposure
and neurological consequences, long-term effects and a
toxic influence on brain maturation can be addressed.

Undoubtedly, further research will be necessary
in order to create a bigger database with statistically
significant data.

Conflict of interest. The authors declare that
there is no conflict of interest.

1. Oliveira TA, Bersusa AA, Santos TF, Aquino MM, Mariani Neto C. Perinatal Outcomes in Pregnant Women Users of Illegal Drugs. Rev

Bras Ginecol Obstet. 2016 Apr;38(4):183-188.

2. Ganapathy V, Prasad PD. Role of transporters in placental transfer of drugs. Toxicol Appl Pharmacol 207(2 Suppl) (2005) 381-387.
3. Unadkat JD, Dahlin A, Vijay S. Placental drug transporters. Curr Drug Metab 5(1) (2004) 125-131.
4. Evseenko D, Paxton JW, Keelan JA. Active transport across the human placenta: impact on drug efficacy and toxicity. Expert Opin Drug

Metab Toxicol 2(1) (2006) 51-69.

5. Wloch S, Patasz A, Kaminski M. Active and passive transport of drugs in the human placenta. Ginekol Pol 80(10) (2009) 772-777.
6. Marin JJ, Briz O, Serrano MA. A review on the molecular mechanisms involved in the placental barrier for drugs. Curr Drug Deliv 1(3)

(2004) 275-289.

7.  Myren M, Mose T, Mathiesen L, Knudsen LE. The human placenta--an alternative for studying foetal exposure. Toxicol In Vitro 21(7)

(2007) 1332-1340.

8. Syme MR, Paxton JW, Keelan JA. Drug transfer and metabolism by the human placenta. Clin Pharmacokinet 43(8) (2004) 487-514.
Al-Enazy S, Ali S, Albekairi N, El-Tawil M, Rytting E. Placental control of drug delivery, Adv Drug Deliv Rev (2016).

10. Concheiro M, Gonzélez-Colmenero E, Lendoiro E, Concheiro-Guisan A, de Castro A, Cruz-Landeira A, Lopez-Rivadulla M. Alternative
matrices for cocaine, heroin, and methadone in utero drug exposure detection. Ther Drug Monit 35(4) (2013) 502-9.

11. Concheiro M, Lendoiro E, de Castro A, Gdnzalez-Colmenero E, Concheiro-Guisan A, Penas-Silva P, Macias-Cortifia M, Cruz-Landeira

12.

190

A, Lépez-Rivadulla M. Bioanalysis for cocaine, opiates, methadone, and amphetamines exposure detection during pregnancy. Drug Test
Anal (2016).

de Castro A, Diaz A, Pifieiro B, Lendoiro E, Cruz A, Lépez-Rivadulla M, Concheiro M. Simultaneous determination of opiates, methadone,
amphetamines, cocaine, and metabolites in human placenta and umbilical cord by LC-MS/MS. Anal Bioanal Chem 405(12) (2013) 4295-4305.



Romanian Journal of Legal Medicine Vol. XXV, No 2(2017)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.
30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

de Castro A, Jones HE, Johnson RE, Gray TR, Shakleya DM, Huestis MA. Methadone, cocaine, opiates, and metabolite disposition in
umbilical cord and correlations to maternal methadone dose and neonatal outcomes. Ther Drug Monit 33(4) (2011) 443-52.

Kyle AR, Carmical J, Shah D, Pryor ], Brown S. UHPLC-MS/MS quantification of buprenorphine, norbuprenorphine, methadone, and
glucuronide conjugates in umbilical cord plasma. Biomed Chromatogr 29(10) (2015) 1567-74.

Cleary BJ, Eogan M, O'Connell MP, Fahey T, Gallagher PJ, Clarke T, White MJ, McDermott C, O'Sullivan A, Carmody D, Gleeson J,
Murphy DJ. Methadone and perinatal outcomes: a prospective cohort study. Addiction 107(8) (2012) 1482-92.

Jones HE, Kaltenbach K, Heil SH, Stine SM, Coyle MG, Arria AM, O'Grady KE, Selby P, Martin PR, Fischer G. Neonatal abstinence
syndrome after methadone or buprenorphine exposure. N Engl ] Med 363(24) (2010) 2320-2331.

Kacirova I, Grundmann M, Brozmanova H. Serum levels of lamotrigine during delivery in mothers and their infants. Epilepsy Res 91(2-3)
(2010) 161-165.

Paulzen M, Lammertz SE, Veselinovic T, Goecke TW, Hiemke C, Griinder G. Lamotrigine in pregnancy - therapeutic drug monitoring in
maternal blood, amniotic fluid, and cord blood. Int Clin Psychopharmacol. 30(5) (2015) 249-254.

[19] J. Weston, R. Bromley, C.E. Jackson, N. Adab, J. Clayton-Smith, J. Greenhalgh, J. Hounsome, A.]. McKay, C. Tudur Smith, A.G. Marson,
Monotherapy treatment of epilepsy in pregnancy: congenital malformation outcomes in the child, Cochrane Database Syst Rev. 11 (2016)
CD010224.

Schulz F, Piischel K, Tsokos M. Postmortem fetal extrusion in a case of maternal heroin intoxication. Forensic Sci Med Pathol. 1(4) (2005)
273-276.

de Wit D, Koomen-Botman I. [Neonatal abstinence syndrome after maternal use of tramadol]. Ned Tijdschr Geneeskd. 2013;157(9):A5610.
Dutch.

Claahsen-van der Grinten HL, Verbruggen I, van den Berg PP, Sporken JM, Kollée LA. Different pharmacokinetics of tramadol in mothers
treated for labour pain and in their neonates. Eur J Clin Pharmacol. 2005;61(7):523-529.

Killén B, Reis M. Use of tramadol in early pregnancy and congenital malformation risk. Reprod Toxicol. 2015;58:246-251.

Hoyme HE, Jones KL, Dixon SD, Jewett T, Hanson JW, Robinson LK, Msall ME, Allanson JE. Prenatal cocaine exposure and fetal vascular
disruption. Pediatrics. 1990;85(5):743-747.

van den Anker JN, Cohen-Overbeek TE, Wladimiroff JW, Sauer PJ. Prenatal diagnosis of limb-reduction defects due to maternal cocaine
use. Lancet. 1991;338(8778):1332.

Lutiger B, Graham K, Einarson TR, Koren G. Relationship between gestational cocaine use and pregnancy outcome: a meta-analysis.
Teratology. 1991;44(4):405-414.

van Gelder MM, Reethuis ], Caton AR, Werler MM, Druschel CM, Roeleveld N; National Birth Defects Prevention Study. Maternal
periconceptional illicit drug use and the risk of congenital malformations. Epidemiology. 2009;20(1):60-6.

Messiah SE, Ludwig DA, Vidot DC, Accornero VH, Lipshultz SE, Miller TL, Xue L, Bandstra ES. Prenatal Cocaine Exposure and
Cardiometabolic Disease Risk Factors in 18- to 20-Year-Old African Americans. Ethn Dis. 2015 5;25(4):419-26.

Lipshultz SE, Frassica JJ, Orav EJ. Cardiovascular abnormalities in infants prenatally exposed to cocaine. Pediatr. 1991;118(1):44-51.
Singer LT, Arendt R, Minnes S, Farkas K, Salvator A, Kirchner HL, Kliegman R. Cognitive and motor outcomes of cocaine-exposed infants.
JAMA. 2002;287(15):1952-1960.

Harvey JA. Cocaine effects on the developing brain: current status. Neurosci Biobehav Rev. 2004;27(8):751-764.

Hendrick V, Stowe ZN, Altshuler LL, Hwang S, Lee E, Haynes D. Placental passage of antidepressant medications. Am ] Psychiatry.
2003;160(5):993-996.

Rampono J, Proud S, Hackett LP, Kristensen JH, Ilett KE A pilot study of newer antidepressant concentrations in cord and maternal serum
and possible effects in the neonate. Int ] Neuropsychopharmacol. 2004;7(3):329-334.

Rampono J, Simmer K, Ilett KF, Hackett LP, Doherty DA, Elliot R, Kok CH, Coenen A, Forman T. Placental transfer of SSRI and SNRI
antidepressants and effects on the neonate. Pharmacopsychiatry. 2009;42(3):95-100.

Kaushik G, Huber DP, Aho K, Finney B, Bearden S, Zarbalis KS, Thomas MA. Maternal exposure to carbamazepine at environmental
concentrations can cross intestinal and placental barriers. Biochem Biophys Res Commun. 2016 May 27;474(2):291-295.

Friedrich J, Khatib D, Parsa K, Santopietro A, Gallicano GI. The grass isn't always greener: The effects of cannabis on embryological
development. BMC Pharmacol Toxicol. 2016;17(1):45.

Bailey JR, Cunny HC, Paule MG, Slikker W Jr. Fetal disposition of delta 9-tetrahydrocannabinol (THC) during late pregnancy in the rhesus
monkey. Toxicol Appl Pharmacol. 1987;90(2):315-321.

Gray TR, Barnes AJ, Huestis MA. Effect of hydrolysis on identifying prenatal cannabis exposure. Anal Bioanal Chem. 2010;397(6):2335-
2347.

Goldschmidt L, Day NL, Richardson GA. Effects of prenatal marijuana exposure on child behavior problems at age 10. Neurotoxicol
Teratol. 2000;22(3):325-36.

Fried PA. Adolescents prenatally exposed to marijuana: examination of facets of complex behaviors and comparisons with the influence of
in utero cigarettes. ] Clin Pharmacol. 2002;42(11 Suppl):97S-102S.

Fried PA, Watkinson B, Gray R. Differential effects on cognitive functioning in 13- to 16-year-olds prenatally exposed to cigarettes and
marihuana. Neurotoxicol Teratol. 2003;25(4):427-436.

Fried PA, Watkinson B, Gray R. Differential effects on cognitive functioning in 9- to 12-year olds prenatally exposed to cigarettes and
marihuana. Neurotoxicol Teratol. 1998;20(3):293-306.

Fried PA, Smith AM. A literature review of the consequences of prenatal marihuana exposure. An emerging theme of a deficiency in
aspects of executive function. Neurotoxicol Teratol. 2001;23(1):1-11. Review.

Fried PA, Watkinson B. Differential effects on facets of attention in adolescents prenatally exposed to cigarettes and marihuana. Neurotoxicol
Teratol. 2001;23(5):421-430.

Goldschmidt L, Richardson GA, Cornelius MD, Day NL. Prenatal marijuana and alcohol exposure and academic achievement at age 10.
Neurotoxicol Teratol. 2004;26(4):521-532.

Hingson R, Alpert J], Day N, Dooling E, Kayne H, Morelock S, Oppenheimer E, Zuckerman B. Effects of maternal drinking and marijuana
use on fetal growth and development. Pediatrics. 1982;70(4):539-546.

Williams L], Correa A, Rasmussen S. Maternal lifestyle factors and risk for ventricular septal defects. Birth Defects Res A Clin Mol Teratol.
2004;70(2):59-64.

191



Veit E et al. Detection of drugs in paired maternal and umbilical cord blood samples

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

192

Torfs CP, Velie EM, Oechsli FW, Bateson TF, Curry CJ. A population-based study of gastroschisis: demographic, pregnancy, and lifestyle
risk factors. Teratology. 1994;50(1):44-53.

Ueki R, Tatara T, Kariya N, Shimode N, Tashiro C. Comparison of placental transfer of local anesthetics in perfusates with different pH
values in a human cotyledon model. ] Anesth. 2009;23(4):526-529.

Scanlon JW, Ostheimer GW, Lurie AO, Brown wu JR, Weiss JB, Alper MH. Neurobehavioral responses and drug concentrations in
newborns after maternal epidural anesthesia with bupivacaine. Anesthesiology. 1976;45(4):400-405.

Santos AC, Karpel B, Noble G. The placental transfer and fetal effects of levobupivacaine, racemic bupivacaine, and ropivacaine.
Anesthesiology. 1999;90(6):1698-1703.

Moore A, el-Bahrawy A, Hatzakorzian R, Li-Pi-Shan W. Maternal Epidural Fentanyl Administered for Labor Analgesia Is Found in
Neonatal Urine 24 Hours After Birth. Breastfeed Med. 2016;11(1):40-41.

Loftus JR, Hill H, Cohen SE. Placental transfer and neonatal effects of epidural sufentanil and fentanyl administered with bupivacaine
during labor. Anesthesiology. 1995;83(2):300-308.

Lalic-Popovic M, Paunkovic ], Grujic Z, Golocorbin-Kon S, Vasovic V, Al-Salami H, Mikov M. The Effect of Diabetes and Hypertension on
the Placental Permeation of the Hydrophilic Drug. Placenta. 2016;48:144-150.

Johnson RF, Cahana A, Olenick M, Herman N, Paschall RL, Minzter B, Ramasubramanian R, Gonzalez H, Downing JW. A comparison of
the placental transfer of ropivacaine versus bupivacaine. Anesth Analg. 1999;89(3):703-8.

Jackson MB, Robson PJ. Preliminary experience of the use of meptazinol as an obstetric analgesic. Br ] Obstet Gynaecol. 1980;87(4):296-
301.

Franklin RA, Frost T, Robson PJ, Jackson MB. Preliminary studies on the disposition of meptazinol in the neonate. Br J Clin Pharmacol.
1981;12(1):88-90.

Fernando R, Bonello E, Gill P, Urquhart J, Reynolds E Morgan B. Neonatal welfare and placental transfer of fentanyl and bupivacaine
during ambulatory combined spinal epidural analgesia for labour. Anaesthesia. 1997;52(6):517-524.

de Barros Duarte L, Moisés EC, Carvalho Cavalli R, Lanchote VL, Duarte G, da Cunha SP. Distribution of fentanyl in the placental
intervillous space and in the different maternal and fetal compartments in term pregnant women. Eur ] Clin Pharmacol. 2009;65(8):803-808.
de Barros Duarte L, Dantas Moises EC, Cavalli RC, Lanchote VL, Duarte G, da Cunha SP. Distribution of bupivacaine enantiomers and
lidocaine and its metabolite in the placental intervillous space and in the different maternal and fetal compartments in term pregnant
women. ] Clin Pharmacol. 2011;51(2):212-7..

Bader AM, Fragneto R, Terui K, Arthur GR, Loferski B, Datta S. Maternal and neonatal fentanyl and bupivacaine concentrations after
epidural infusion during labor. Anesth Analg. 1995;81(4):829-832.

Morishima HO, Daniel SS, Finster M, Poppers PJ, James LS. Transmission of mepivacaine hydrochloride (carbocaine) across the human
placenta. Anesthesiology. 1966;27(2):147-154.

Schenker S, Yang Y, Mattiuz E, Tatum D, Lee M. Olanzapine transfer by human placenta. Clin Exp Pharmacol Physiol. 1999;26(9):691-697.
Matok I, Gorodischer R, Koren G, Sheiner E, Wiznitzer A, Uziel E, Levy A. The safety of H(2)-blockers use during pregnancy. J Clin
Pharmacol. 2010;50(1):81-87.

Garbis H, Elefant E, Diav-Citrin O, Mastroiacovo P, Schaefer C, Vial T, Clementi M, Valti E, McElhatton P, Smorlesi C, Rodriguez EP,
Robert-Gnansia E, Merlob P, Peiker G, Pexieder T, Schueler L, Ritvanen A, Mathieu-Nolf M. Pregnancy outcome after exposure to
ranitidine and other H2-blockers. A collaborative study of the European Network of Teratology Information Services. Reprod Toxicol.
2005;19(4):453-458.

Koren G, Zemlickis DM. Outcome of pregnancy after first trimester exposure to H2 receptor antagonists. Am J Perinatol. 1991;8(1):37-38.
Ruigémez A, Garcia Rodriguez LA, Cattaruzzi C, Troncon MG, Agostinis L, Wallander MA, Johansson S. Use of cimetidine, omeprazole,
and ranitidine in pregnant women and pregnancy outcomes. Am J Epidemiol. 1999;150(5):476-481.

Peters HT, Strange LG, Brown SD, Pond BB. The pharmacokinetic profile of methylphenidate use in pregnancy: A study in mice.
Neurotoxicol Teratol. 2016;54:1-4.

Debooy VD, Seshia MM, Tenenbein M, Casiro OG. Intravenous pentazocine and methylphenidate abuse during pregnancy. Maternal
lifestyle and infant outcome. Am J Dis Child. 1993;147(10):1062-1065.

Costa Gde A, Galvdo TC, Bacchi AD, Moreira EG, Salles MJ. Investigation of possible teratogenic effects in the offspring of mice exposed
to methylphenidate during pregnancy. Reprod Biomed Online. 2016;32(2):170-177.

Teo SK, Stirling DI, Hoberman AM, Christian MS, Thomas SD, Khetani VD. D-methylphenidate and D,L-methylphenidate are not
developmental toxicants in rats and rabbits. Birth Defects Res B Dev Reprod Toxicol. 2003;68(2):162-171.

Beckman DA, Schneider M, Youreneft M, Tse FL. Developmental toxicity assessment of d,l-methylphenidate and d-methylphenidate in
rats and rabbits. Birth Defects Res B Dev Reprod Toxicol. 2008;83(5):489-501.

Rurak DW, Yoo SD, Kwan E, Taylor SM, Riggs KW, Axelson JE. Effects of diphenhydramine in the fetal lamb after maternal or fetal
administration. ] Pharmacol Exp Ther. 1988;247(1):271-278.

Yoo SD, Axelson JE, Taylor SM, Rurak DW. Placental transfer of diphenhydramine in chronically instrumented pregnant sheep. ] Pharm
Sci. 1986;75(7):685-687.

Yoo SD, Rurak DW, Taylor SM, Axelson JE. Transplacental and nonplacental clearances of diphenhydramine in the chronically instrumented
pregnant sheep. ] Pharm Sci. 1993;82(2):145-149.

Moraes AP, Schwarz A, Spinosa HS, Florio JC, Bernardi MM. Maternal exposure to diphenhydramine during the fetal period in rats: effects
on physical and neurobehavioral development and on neurochemical parameters. Neurotoxicol Teratol. 2004;26(5):681-692.

Pietrement C, Malot L, Santerne B, Roussel B, Motte J, Morville P. Neonatal acute renal failure secondary to maternal exposure to
telmisartan, angiotensin II receptor antagonist. J Perinatol. 2003;23(3):254-255.

Marchetto L, Sordino D, De Bernardo G, Trevisanuto D. Postnatal acute renal failure after fetal exposure to angiotensin receptor blockers.
BM]J Case Rep. 2015;2015.



