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eroin use is traditionally associated with large urban
areas on the east and west coast of the United States. A
new trend emerging in the past 18 months finds heroin use in
affluent suburban areas, small communities, and rural areas in
many sections of the country.
Recent successful efforts to reduce the availability of illicit
prescription opioids have created a new market for heroin.
Heroin is now cheaper and more readily available than
oxycodone and hydrocodone in those states closely monitoring
opioid prescriptions. In Louisville, KY, a 40 mg tablet of a
common prescription pain medication can cost up to $150
on the street. Some of the local drug users require 2-4 tablets
a day to deal with their addiction. In the same city, a heroin
user will spend $80-150 per day. Two years ago, oxycodone,
oxymorphone, and hydrocodone were the primary narcotics
abused in Louisville.1
The most recent National Survey on Drug Use and Health
reports a 66 % increase in heroin use in the 4 year period from
2007 to 2011.2
New users are ingesting heroin by smoking or snorting,
which avoids the negative stigma of injection for some people.
Many of this group will switch to injection with the need for
a more rapid onset of euphoria. The average heroin user will
inject 1-4 times per day. The user who injects heroin
intravenously will feel the desired effects in 7-8
seconds, while the user who snorts or smokes
the drug will feel the effects in 10-15
minutes.3
After injection, heroin is rapidly
converted to morphine or
6-monoacetylmorphine
(6-MAM). The 6-MAM
metabolite is highly

lipophilic and rapidly crosses the blood-brain barrier,
providing the desired euphoria. An additional rapid conversion
metabolizes the 6-MAM to morphine. The plasma half-life
for heroin is 3 minutes; the plasma half-life for 6-MAM is 38
minutes. This rapid metabolism contributes to the difficulty in
identifying and confirming heroin abuse.
The USDTL CordStat assay utilizes 2 specific metabolites
to confirm heroin exposure in the newborn. The assay
identifies 6-MAM and meconin, a minor metabolite of the
opium alkaloid noscapine. Meconin would not be present in
a commercial morphine product. The window of exposure
for these 2 specific markers is very limited. USDTL recently
identified heroin use in an umbilical cord sample from a
mother who self reported heroin use 24-36 hours prior to
giving birth. The rapid conversion of heroin and related
metabolites to morphine makes confirmation of heroin use
difficult. All unexplained morphine positive umbilical cord
samples should be investigated.
It is possible to confirm maternal heroin use in the previous
1-4 months by testing the mother’s hair or nail samples
where 6-MAM accumulates as well or better than morphine
does. These highly sensitive methods are also available from
USDTL.
Heroin use is a serious and growing problem in many areas
of the United States. Fetal exposure to heroin can result in
babies who are small for gestational age, experience premature
rupture of the fetal membranes, and are at increased risk of
developmental disabilities.
As the leader in newborn toxicology, USDTL is a specialty
reference laboratory with a 22 year history of innovation
in monitoring newborns to identify fetal drug and alcohol
exposure. Please contact Bob Demaree, at bob.demaree@usdtl.
com, for additional information regarding CordStat® testing.
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D

uring pregnancy the
placenta acts as a barrier
between mother and child and
may reduce the exposure of the
growing fetus to potentially
harmful substances. Beneficial
elements such as nutrients and
antibodies are transferred across
the placenta from mother to
child, while harmful matter
such as waste products and
foreign substances are actively
transported away from the
child. Transfer across the
placenta can occur passively by diffusion, through the action of
transport proteins, or as a byproduct of cellular metabolism at
the placental membrane.
Transport proteins in the placental membrane known as
efflux transporter proteins (effluxers) can act to remove waste
products, metabolites and other compounds of maternal or fetal
origin from the amniotic environment. Effluxers also provide
some protection to the fetus by binding foreign substances that
have crossed the placenta and transporting them away from
the fetus, and can act on a variety of compounds including
pollutants, therapeutic drugs, and many substances of abuse.1
For example, during infection-compromised pregnancies,
effluxers can play an important role in protecting the pre-term
fetus from exposure to antibiotics administered to the mother.
This is sometimes referred to as placental protection.
The dynamics of placental transfer and metabolism of
foreign compounds, including substances of abuse, are just
beginning to be understood, and a high degree of complexity
and variability is emerging from research. For example, it has
been shown that multiple drugs administered in combination
therapy for gestational diabetes may overwhelm placental
protection and expose the fetus to increased concentrations
of hypoglycemic drugs.2 Placental effluxers are known to
interact with substances of abuse, such as cocaine, methadone,
buprenorphine, and a variety of opiates, and may confer
some protection against drug exposure to the growing fetus.
The narcotic analgesic buprenorphine is metabolized to
norbuprenorphine in the placental membrane by maternal
enzymes.3 In contrast, it is still largely unknown how cocaine
crosses the placenta.
The degree of placental protection varies depending on
several factors. The placental barrier interacts with some
substances more strongly than others, as illustrated by the
ability of certain opiates, such as fentanyl, oxycodone,
codeine and others, to inhibit the metabolism of estrogen at
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the placental membrane.4 Gestational age can have a profound
effect on the movement of foreign substances away from the
fetus. Research has shown a 30% decrease in the movement
of methadone in term pregnancy placental samples compared
to pre-term placental samples.5 This may be due either to a
reduction of effluxers in the placental membrane, or to the
physical thickening of specific membranes in the placenta, late in
pregnancy.3 Several effluxers may be inhibited by inflammatory
response factors during infection-compromised pregnancies.1
Genetic variation has been demonstrated to significantly alter the
function of the most prevalent effluxers as well.1 In contrast, the
abundance of some effluxers (such as breast cancer resistance
protein) in the placental membrane is highly inconsistent
throughout pregnancy, and is likely to be greatly affected by
maternal health and genetics.1
Variation in placental protection of the fetus from foreign
substances is remarkably high depending on the substance of
interest. As well, variation increases from one individual to the
next, and is greatly affected by maternal health and genetics. A
1994 case study positively identified cocaine and nicotine in
hair samples from a new mother who had voluntarily admitted
to cocaine use and smoking throughout her pregnancy, yet,
meconium samples from her newborn daughter tested negative
for cocaine and positive for nicotine.6 Despite placental
protection, maternal substance abuse can have adverse effects
for the newborn including premature delivery, low birth weight,
central nervous system changes, and other potential problems in
later childhood.7 Research to better understand the mechanisms
of placental protection is robust and ongoing, and will also
lead to better understanding of the ways substances reach and
potentially affect the growing child during pregnancy.
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A

recent study from University of New Mexico Health
Sciences Center discovered a surprisingly high amount of
binge drinking by women in the last trimester of pregnancy.1
The study by Bakhireva et al. (2013) measured the level of the
alcohol biomarker phosphatidylethanol (PEth) in blood spots
from newborns. PEth collects in the red blood cells of the baby
as alcohol crosses the placenta. A positive blood test result for
PEth indicates binge drinking took place in the last 2-3 weeks of
pregnancy. Bakhireva et al. report that 6.5% of newborns tested
positive for PEth, indicating the
mother engaged in binge drinking
at least during the last trimester.
Estimates of binge drinking by
pregnant women from the Centers
for Disease Control and Prevention
(CDC) range from 1.5-2%.2 Binge
drinking, for women, is defined as
four or more drinks in one sitting.3
CDC’s results were obtained
by asking pregnant women to
report their drinking habits during
phone questionnaires, without
simultaneously testing for alcohol
consumption using alcohol biomarkers. Recent research suggests
that women are more than twice as likely to self-report their
alcohol intake if specimens are collected for alcohol testing
along with the questionnaire.4 Taken together, these two studies
suggest there may be a higher prevalence of alcohol consumption
and binge drinking during pregnancy than the CDC results
indicate.
Children exposed to alcohol in the womb may suffer from a
range of neurological and developmental disabilities known as
Fetal Alcohol Spectrum Disorders (FASD). The most severe
cases result in Fetal Alcohol Syndrome (FAS) and appear
with a variety of distinguishable physical defects as well as
developmental and cognitive disabilities. Milder cases of FASD
are challenging to diagnose and are usually not recognized
until later in a child’s life when social and cognitive problems
develop.
Early intervention and treatment are critical to improving
developmental outcomes for children experiencing Prenatal
Alcohol Exposure (PAE). A medical diagnosis of any alcohol
related disorder less severe than FAS requires a documented
history of PAE, either by acknowledgement of prenatal alcohol
use by the mother or a positive test of the newborn for alcohol
biomarkers. Without a diagnosis, an individual may not receive
the treatment and care necessary to overcome any disabilities
that emerge as a result of PAE.

Testing for PAE is possible using several different
specimens, including blood, umbilical cord tissue, and
meconium. Meconium, an infant’s first stool comprised of
matter ingested from the amniotic fluid while in the womb,
is typically the specimen tested. Yet meconium has some
disadvantages for newborn screening, most notably that it is
not collectable in about 20% of newborns.
Other specimen types overcome the problem of
unavailability. Both umbilical cord tissue and blood are
available in all newborns, and umbilical cord has sensitivity
for alcohol testing equal to that of meconium.5 Blood samples
have several advantages. Blood is universally available, easy
to collect and transport, and less expensive to test. Blood spots
are collected from all newborns at birth for genetic screening.
Bakhireva et al. (2013) tested the practicality of using blood
spots to screen newborns for PAE. In
the study, hospital nurses were able to
collect screenable blood spots from
87.5% of newborns, better than the 80%
collection rate of meconium.
Testing newborns for PAE as
early as possible not only improves
developmental outcomes, but
potentially results in tremendous future
savings. Studies of cost reductions
associated with early screening and
intervention are encouraging, with
estimates of $6-$97 in cost savings on
iStock Photo
treatment and care of FASD individuals
for every dollar spent on early PAE screening.6
The blood spots from Bakhireva et al. (2013) were tested
at USDTL using the BloodSpot® assay. To talk to a Client
Services Representative or a Toxicologist about BloodSpot®
testing, contact USDTL at 1-800-235-2367 or by email at
clientservices@usdtl.com.
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the placental membrane.4 Gestational age can have a profound
effect on the movement of foreign substances away from the
fetus. Research has shown a 30% decrease in the movement
of methadone in term pregnancy placental samples compared
to pre-term placental samples.5 This may be due either to a
reduction of effluxers in the placental membrane, or to the
physical thickening of specific membranes in the placenta, late in
pregnancy.3 Several effluxers may be inhibited by inflammatory
response factors during infection-compromised pregnancies.1
Genetic variation has been demonstrated to significantly alter the
function of the most prevalent effluxers as well.1 In contrast, the
abundance of some effluxers (such as breast cancer resistance
protein) in the placental membrane is highly inconsistent
throughout pregnancy, and is likely to be greatly affected by
maternal health and genetics.1
Variation in placental protection of the fetus from foreign
substances is remarkably high depending on the substance of
interest. As well, variation increases from one individual to the
next, and is greatly affected by maternal health and genetics. A
1994 case study positively identified cocaine and nicotine in
hair samples from a new mother who had voluntarily admitted
to cocaine use and smoking throughout her pregnancy, yet,
meconium samples from her newborn daughter tested negative
for cocaine and positive for nicotine.6 Despite placental
protection, maternal substance abuse can have adverse effects
for the newborn including premature delivery, low birth weight,
central nervous system changes, and other potential problems in
later childhood.7 Research to better understand the mechanisms
of placental protection is robust and ongoing, and will also
lead to better understanding of the ways substances reach and
potentially affect the growing child during pregnancy.
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for Disease Control and Prevention
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CDC’s results were obtained
by asking pregnant women to
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indicate.
Children exposed to alcohol in the womb may suffer from a
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cases result in Fetal Alcohol Syndrome (FAS) and appear
with a variety of distinguishable physical defects as well as
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are challenging to diagnose and are usually not recognized
until later in a child’s life when social and cognitive problems
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Early intervention and treatment are critical to improving
developmental outcomes for children experiencing Prenatal
Alcohol Exposure (PAE). A medical diagnosis of any alcohol
related disorder less severe than FAS requires a documented
history of PAE, either by acknowledgement of prenatal alcohol
use by the mother or a positive test of the newborn for alcohol
biomarkers. Without a diagnosis, an individual may not receive
the treatment and care necessary to overcome any disabilities
that emerge as a result of PAE.

Testing for PAE is possible using several different
specimens, including blood, umbilical cord tissue, and
meconium. Meconium, an infant’s first stool comprised of
matter ingested from the amniotic fluid while in the womb,
is typically the specimen tested. Yet meconium has some
disadvantages for newborn screening, most notably that it is
not collectable in about 20% of newborns.
Other specimen types overcome the problem of
unavailability. Both umbilical cord tissue and blood are
available in all newborns, and umbilical cord has sensitivity
for alcohol testing equal to that of meconium.5 Blood samples
have several advantages. Blood is universally available, easy
to collect and transport, and less expensive to test. Blood spots
are collected from all newborns at birth for genetic screening.
Bakhireva et al. (2013) tested the practicality of using blood
spots to screen newborns for PAE. In
the study, hospital nurses were able to
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collection rate of meconium.
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potentially results in tremendous future
savings. Studies of cost reductions
associated with early screening and
intervention are encouraging, with
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for every dollar spent on early PAE screening.6
The blood spots from Bakhireva et al. (2013) were tested
at USDTL using the BloodSpot® assay. To talk to a Client
Services Representative or a Toxicologist about BloodSpot®
testing, contact USDTL at 1-800-235-2367 or by email at
clientservices@usdtl.com.
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eroin use is traditionally associated with large urban
areas on the east and west coast of the United States. A
new trend emerging in the past 18 months finds heroin use in
affluent suburban areas, small communities, and rural areas in
many sections of the country.
Recent successful efforts to reduce the availability of illicit
prescription opioids have created a new market for heroin.
Heroin is now cheaper and more readily available than
oxycodone and hydrocodone in those states closely monitoring
opioid prescriptions. In Louisville, KY, a 40 mg tablet of a
common prescription pain medication can cost up to $150
on the street. Some of the local drug users require 2-4 tablets
a day to deal with their addiction. In the same city, a heroin
user will spend $80-150 per day. Two years ago, oxycodone,
oxymorphone, and hydrocodone were the primary narcotics
abused in Louisville.1
The most recent National Survey on Drug Use and Health
reports a 66 % increase in heroin use in the 4 year period from
2007 to 2011.2
New users are ingesting heroin by smoking or snorting,
which avoids the negative stigma of injection for some people.
Many of this group will switch to injection with the need for
a more rapid onset of euphoria. The average heroin user will
inject 1-4 times per day. The user who injects heroin
intravenously will feel the desired effects in 7-8
seconds, while the user who snorts or smokes
the drug will feel the effects in 10-15
minutes.3
After injection, heroin is rapidly
converted to morphine or
6-monoacetylmorphine
(6-MAM). The 6-MAM
metabolite is highly

lipophilic and rapidly crosses the blood-brain barrier,
providing the desired euphoria. An additional rapid conversion
metabolizes the 6-MAM to morphine. The plasma half-life
for heroin is 3 minutes; the plasma half-life for 6-MAM is 38
minutes. This rapid metabolism contributes to the difficulty in
identifying and confirming heroin abuse.
The USDTL CordStat assay utilizes 2 specific metabolites
to confirm heroin exposure in the newborn. The assay
identifies 6-MAM and meconin, a minor metabolite of the
opium alkaloid noscapine. Meconin would not be present in
a commercial morphine product. The window of exposure
for these 2 specific markers is very limited. USDTL recently
identified heroin use in an umbilical cord sample from a
mother who self reported heroin use 24-36 hours prior to
giving birth. The rapid conversion of heroin and related
metabolites to morphine makes confirmation of heroin use
difficult. All unexplained morphine positive umbilical cord
samples should be investigated.
It is possible to confirm maternal heroin use in the previous
1-4 months by testing the mother’s hair or nail samples
where 6-MAM accumulates as well or better than morphine
does. These highly sensitive methods are also available from
USDTL.
Heroin use is a serious and growing problem in many areas
of the United States. Fetal exposure to heroin can result in
babies who are small for gestational age, experience premature
rupture of the fetal membranes, and are at increased risk of
developmental disabilities.
As the leader in newborn toxicology, USDTL is a specialty
reference laboratory with a 22 year history of innovation
in monitoring newborns to identify fetal drug and alcohol
exposure. Please contact Bob Demaree, at bob.demaree@usdtl.
com, for additional information regarding CordStat® testing.
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