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Abstract

Pharmaceutical companies that produce gastrointestinal
(GI) medications often utilize phthalates for their abil-
ity to localize medication release. Commonly prescribed
GI medications that may utilize phthalates are 5-Ami-
nosalicylates, proton pump inhibitors, and pancreatic
enzymes. Our understanding of the cumulative health
effects of phthalates from medications remains unclear,
and there is increasing evidence that phthalates are not
harmless. Experimental studies in animals have shown
that phthalates, specifically dibutyl phthalate and Di-
(2-ethyl-hexyl) phthalate, have the potential to alter
and/or inhibit reproductive biology and in utero de-
velopment. Despite the lack of definitive human data,
many cohort and cross-sectional studies demonstrate
concerning associations between phthalates and poor
health status, specifically developmental problems. Lon-
gitudinal studies and studies with larger sample sizes
are required to determine whether phthalates actually
cause negative health consequences. It is also impor-
tant that physicians regularly review and discuss with
patients the medicinal ingredients in their medications
and supplements, specifically in pregnant woman with
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inflammatory bowel disease.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Phthalates are widely used as excipients in
medications used to treat gastrointestinal disease. Re-
search into the adverse effects associated with certain
phthalates continues to produce uncertainty regarding
the safety of their use in medications. Gastroenterolo-
gists should be aware of the potential harm of specific
phthalates so that they can make informed decisions
of whether the benefits of the medication outweigh the
potential risks. Additional studies using human popu-
lations will help elucidate if regulatory bodies should
mandate the use of alternative excipients.
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INTRODUCTION

Phthalates are plasticizers with widespread industrial use.
Their unique chemical structure allows them to make
plastic more flexible and durable!. Phthalates are com-
monly used as softeners, solvents and additives, and are
employed as excipients in gastrointestinal (GI) medica-
tions” . Pharmaceutical companies that produce GI
medications often utilize phthalates for their ability to lo-
calize medication release. More specifically, low molecular
weight (LMW) phthalates are found in oral medications
that require both controlled time release and location
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sensitive release at certain points along the GI tract’”.

Our understanding of the cumulative health effects of
phthalates from medications remains unclear, and there is
increasing evidence that phthalates are not harmless. This
paper will review phthalate utilization in GI medications
and summarize the evidence for the possible hidden dan-
ger of these common additives.

CHEMICAL STRUCTURE

Phthalates are diesters of 1,2-benzendicarboxylic acid
(phthalic acid) and are present in both industrial and
commercial synthetic products”. Phthalate esters are
prepared by the esterification of two moles of mono-
hydric alcohol with one mole of phthalic anhydride'”.
When used as an additive to industrial products, phthal-
ates are often combined with polyvinyl chloride (PVC)
because they are cheap and are able to provide important
properties to plastics such as flexibility and durability. As
a result, phthalates are found in more than 80% of the
global plasticizer market'”. LMW phthalate subgroups
have fewer than eight carbon atoms and include diethyl
phthalate (DEP) and dibutyl phthalate (DBP), while high
molecular weight (HMW) phthalates have eight or more
carbon atoms in an alkyl chain'”. The commonly used
HMW phthalate, Di-(2-ethyl-hexyl) phthalate (DEHP), is
found in many products containing PVC'". Most phthal-
ates used as plasticizers have between 4 and 13 carbon
atoms. These specific carbon lengths are used since fewer
than four carbons can make compounds too volatile and
more than 13 carbons are less effective at combining with
PVC molecules'”.

BIOABSORPTION

Since phthalates are the most widely used additives in
plastics, their absorption in the body has been extensively
studied. Phthalates do not bio-accumulate in the body.
However, their widespread use translates into a large ex-
posure in the general population[g]. Phthalates are quickly
metabolized to mono-alkyl metabolites and glucuronides
and are excreted in both urine and feces”'”. The urine
content of phthalates and their metabolites have been
shown to be sensitive biomarkers of phthalate intake.
Therefore, urine screening has been used in many studies
to assess phthalates levels in the population[z’13’14]. Specifi-
cally, United States and German population data have
shown widespread exposure to phthalates in urine sam-
ples[5’14’15]. A United States study using data from the Na-
tional Health and Nutrition Examination Survey found
that over 75% of urinary samples contained some form
of a phthalate metabolite, and it has been speculated that
urine studies may underestimate phthalate levels in hu-
mans, as metabolites may be metabolized into undetect-
able byproducts™',

of medication at specific parts of the luminal GI tract.
For instance, using the prodrug technique, an inert drug
is transformed into its active form at vatious pH levels.
As an alternative method, the pharmaceutical industry
has relied heavily on phthalates to assist with delivery of
GI medications to precise areas of the luminal GI tract.

Compared to HMLW phthalates, LMW phthalates
are more commonly used in pharmaceutical products.
Phthalates used as excipients include cellulose acetate
phthalate, DBP, DEP, dimethyl phthalate, hypromellose
phthalate, and pvc!', Excipients are defined as inactive
ingredients found in medications that aid in the manufac-
turing, administration or absorption of the drugm. They
usually possess no active pharmacological ingredients and
are regarded as inert. For example, LMW excipients such
as DBP and DEP are listed in the FDA Inactive Ingre-
dients Database for use in oral capsules, delayed action,
enteric coated and controlled release tablets"”. Phthalates
can also be combined with different polymers to maintain
medication ﬂexibility“()]. This can assist with the localiza-
tion of active ingredients through the delayed release of
the inner components of solid drugsm’zo].

An extensive review of pharmaceutical literature re-
vealed that many GI medications contain phthalates as
both excipients and inactive ingredientsm. For instance,
this review found that mesalamine, pancrealipase, sul-
fasalazine, ranitidine and omeprazole are prescription
drugs marketed in either Canada or the United States
with labels that identified an ortho-phthalate as an in-
active ingredient. The phthalate DBP, which has been
shown to have potentially harmful adverse effects, is
found in nonprescription medications such as bisacodyl
and many probiotic supplements used frequently by gas-
troenterologistsm. Omeprazole and ranitidine contain
the phthalate DEP, of which there is no evidence of po-
tential harm.

The extensive use of phthalates in GI medications has
prompted research into the cumulative effects of phthal-
ates on those taking these drugs for prolonged periods
of time. GI medications utilize phthalates more than
most medications and are, therefore, more likely to result
in high exposure to phthalates. Studies have shown that
among patients prescribed, some of the aforementioned
GI medications, specifically mesalamine and omeprazole,
urine concentrations of phthalates have been documented
at levels 100 times higher than the general populationm. It
has also been shown that DBP and DEP, commonly used
as excipients, can be found at concentrations of 9000 mi-
crograms per capsule in some GI medications . These
concentrations are concerning, as it has been shown that
only 3600 micrograms per capsule can result in DBP me-
tabolites in urine that are above the recommended toler-
able daily intake!"". Well-designed retrospective studies are
needed to determine the long-term effects of using GI
medications with high levels of phthalates.

Gl MEDICATIONS AND PHTHALATES

HARMFUL EFFECTS OF PHTHALATES

Scientists utilize various techniques to permit the release
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Experimental studies in animals have shown that phthal-
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ates, specifically DBP and DEHP, have the potential to
alter and/or inhibit reproductive biology and in utero
developmentm. One study demonstrated that mice ex-
posed to 190 times the recommended amount of Asacol,
a 5-ASA drug that contains DBP, were at risk for devel-
oping skeletal malformations and reproductive adverse
effects™. These concerns prompted additional studies
which revealed that phthalates can act as anti-androgens
and subsequently have toxic interactions with androgen
receptorsm’z‘ﬂ. Nonetheless, little data exists to help de-
termine whether phthalates act as endocrine hormones
at high levels in humans. Whether phthalates have mean-
ingful interactions with proteins at the cellular level also
remains unclear™.

Despite the lack of definitive human data, many co-
hort and cross-sectional studies demonstrate concerning
associations between phthalates and poor health status,
specifically developmental problems. For instance, a study
in the United States found positive associations between
LMW phthalate metabolites and several developmental
indicators, including gestational age and head circumfer-
ence. These results demonstrate that phthalates may po-
tentially alter childhood development from birth”. Re-
search from Denmark showed a potentially detrimental
correlation between phthalate monoesters and hormones
essential for normal in utero developmentp(”m. Multi-
center cohort studies from the United States and Mexico
studying male children demonstrated that prenatal urinary
phthalate concentration is negatively correlated with geni-
tal development, including anogenital distance, an index
of demasculinization of the male reproductive tract, and
penile width®***!. Cross-sectional data from the United
States, China, and Sweden comparing phthalates levels
with semen concentration and semen quality have raised
concern about deleterious interactions” . By measuring
phthalate metabolites in urine, dose-response relations
have been found between some phthalate metabolites
and sperm concentration, motility, and morphology"**?.
Despite the associations between phthalates and semen
indices, this data has not been reproduced in the general
population.

Additionally, phthalates have been associated with
stunted neurodevelopmentps’%l. A cross-sectional study
from South Korea displayed a negative relationship
between urinary concentration of phthalate metabo-
lites and performance on various 1Q tests” . Moreover,
United States cohort data indicated a positive associa-
tion between maternal urine concentration of certain
phthalates and increased negative behavior on validated
behavior reporting tools™. One cohort study from Den-
mark showed a negative association between phthalate
metabolites in urine and normal serum levels of thyroid
hormone®”. Interestingly, a cohort study from South Ko-
rea showed an association between phthalate metabolites
in the urine, specifically DEHP, and increased attention
deficit hyperactivity disorder symptomsm]. Recent re-
search has provided conflicting data on the association of
phthalates with the early onset of puberty and its associ-
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231" A case-control study from Turkey

ated symptoms
demonstrated an association between plasma levels of
certain phthalates and gynecomastia, while a multicenter
cohort study performed in the United States showed
no association between phthalates concentration in the
urine and precocious puberty[zz’”]. Finally, cross-sectional
and cohort studies out of Sweden, Russia and Finland
have implicated respiratory complications such as rhinitis
and asthma with phthalatesmm. However, the evidence
for the association between phthalates and these clinical
manifestations remains weak as most of these studies

used PVC exposure as a proxy to phthalate exposure.

5-AMINOSALICYLATES

5-Aminosalicylates (5-ASAs) are used as first line therapy
in treatment for mild to moderate ulcerative colitis (UC).
Initial research in phthalate exposure and GI medications
has focused on 5-ASAs users. Specifically, absorption
data shows concerning levels of phthalates in the urine
of chronic users of mesalamine, a 5-ASA drug. United
States data demonstrated that six individuals taking me-
salamine had metabolites of DBP 50-fold higher than
those not using mesalamine'’. Similarly, one third of
patients taking mesalamine had urine levels of phthalates
that exceeded FDA recommended levels™'". While no
equivocal evidence exists, gastroenterologists treating UC
should consider prescribing 5-ASAs without DBP. This
consideration should be especially taken in women of

child-bearing age, as DBP may have deleterious effects
during pregnancy based on animal studies.

Studies of pregnant and lactating women have shown
that phthalates appear in maternal and umbilical blood,
amniotic fluid and breast milk”***. As a result, women
taking 5-ASA formulations have been evaluated for
potential adverse effects during pregnancy™™". While
no randomized control studies exist, a meta-analysis us-
ing 7 cohort studies did not indicate that woman taking
5-ASA during pregnancy have significantly higher rates
of congenital abnormalities compared to control groups
using no medication”". Pooled odd ratios from these
studies demonstrated 1.16, 2.38, 1.14, 1.35 and 0.93 fold
increase in congenital malformations, still births, spon-
taneous abortions, preterm deliver and low birth weight,
respectively”'. Based on this data, the 5-ASA formulation
under the brand name of Asacol has been classified by
the FDA as a pregnancy class C, which reflects adverse
effects in animal but not human studies™. As such, it is
important that women taking 5-ASA drugs are informed
about the potential risk of drugs containing DBP, espe-
cially when there are alternative 5-ASA formulations that
do not contain DBP. Nonetheless, it must be emphasized
that the risks of not taking 5-ASA while in remission far
outweigh the benefits of avoiding phthalates. In addi-
tion, clinicians should consider 5-ASA formulations that
release predominantly into the colon and do not contain
phthalates. For example, Mezavant is a 5-ASA drug that
uses an Multi Matrix system delayed release mechanism,
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which allows release to be primarily in the colon where it
can be most effective at treating ulcerative colitis. It has
been shown to be equally efficacious at achieving IBD
remission and does not contain phthalates in its coat-
ing®. Salofalk is another alternative 5-ASA formulation
available in Canada and utilizes pH-dependent release. Its
Budagrit-1. coating, contains the DEP rather than DBP.
Unlike the latter, DEP has not been shown to be harmful

in animal studies.

REGULATION OF PHTHALATES

Throughout the previous decade, much of the media
attention covering phthalates has targeted the presence
of these plasticizers in children toys. Multiple agencies
throughout the world have regulated phthalates in non-
medical products including toys, cosmetics, environmen-
tal chemicals and health related products[53’57].

Only recently has more attention been focused on
phthalates in medications. In December 2012, the Cen-
ter for Drug Evaluation and Research, a group affiliated
with the FDA, recommended against the use of DBP
and DEHP as excipients in prescription and nonprescrip-
tion medications, and encouraged the use of alternative
phthalates when possiblem.

The FDA has likely limited their advice to recommen-
dations since clinical and nonclinical research has only
demonstrated an association between exposure to these
phthalates and developmental problems, and there re-
mains no evidence that medications with phthalates cause
phenotypic physiologic abnormalities. These studies have
been strictly correlational in nature, and thus a cause-
effect relationship cannot be proven.

Accumulating pressure on pharmaceutical compa-
nies has encouraged the development of alternatives to
phthalates. Pharmaceutical companies have developed
excipients that do not contain phthalates. As mentioned,
Salofalk and Mezavant are alternative 5-ASA formula-
tions that contain alternative phthalates other than DBP
or DEHP or a delayed release mechanism that does not
incorporate phthalates”®"

FUTURE DIRECTIONS FOR PHTHALATES

It is currently challenging to identify which medica-
tions contain phthalates, along with the specific dosage
of phthalates included. Levels of phthalates for many
medications are not openly displayed, due to proprietary
formulations"”. Current standards do not require that
inactive components are included on the package label-
ing of dietary supplementslSqJ. It is the authors’ opinion
that government regulators should continue to advocate
for the display of all components on drug packaging.
It is also important that physicians regulatly review and
discuss with patients the medicinal ingredients in their
medications and supplements. Patients should also be en-
couraged to use their pharmacists as a resource. Specifi-
cally, pregnant woman should review their medications
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with pharmacists and discuss the potential presence of
phthalates and possible alternatives. Of course, all these
decisions should be made in conjunction with the advice
of a physician.

Based on the empirical evidence available to date,
government regulators and physicians must take caution
against phthalates. Recommendations from govern-
ment regulators should be followed if feasible and will
hopefully facilitate the development and utilization of
alternatives to phthalates. In order to further explore
preliminary concerns, additional research with robust
methodology should be conducted. Longitudinal studies
capable of demonstrating causation are required to de-
termine whether phthalates actually cause negative health
consequences. Studies with larger sample sizes will also
help quantify how much DBP and DEHP is being ab-
sorbed through specific medications. These studies might
help with comparative quantification of bioabsorption
between medication and environment (non-medical) ex-
posures, which will help direct policy. Such research will
permit government regulatory bodies, drug companies
and doctors to respond appropriately.
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