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A B S T R A C T

Di(ethylhexyl) phthalate (DEHP) is a manufactured chemical commonly added to plastics: it is a

ubiquitous environmental contaminant to which humans are exposed through multiple routes. DEHP is

a rodent carcinogen with an extensive data base on genotoxicity and related effects spanning several

decades. Although DEHP has been reported to be negative in most non-mammalian in vitro mutation

assays, most studies were performed under conditions of concurrent cytotoxicity, precipitation, or

irrelevant metabolic activation. However, a number of in vitro rodent tissue assays have reported DEHP

to be positive for effects on chromosomes, spindle, and mitosis. A robust database shows that DEHP

increases transformation and inhibits apoptosis in Syrian hamster embryo cells. In a transgenic mouse

assay, in vivo DEHP exposure increased the mutation frequency only in the liver, which is the target organ

for cancer. In vitro exposure of human cells or tissues to DEHP induced DNA damage; altered mitotic rate,

apoptosis, and cell proliferation; increased proliferation, tumor mobility, and invasiveness of tumor cell

lines; and activated a number of nuclear receptors. DEHP has been shown to be an agonist for CAR2, a

novel constitutive androstane receptor occurring only in humans. Environmental exposures of humans

to DEHP have been associated with DNA damage. After taking into account study context and relevant

issues affecting interpretation, in vitro studies reported that a similar DEHP concentration range induced

both mutagenic and non-mutagenic effects in human tissues and, using a much more limited rodent

database, transformation of embryonic rodent tissues. The human and rodent data suggest that DEHP

induces cancer through multiple molecular signals, including DNA damage. The analyses presented here

may provide guidance for similar data sets used in structure–activity relationships, computational-

toxicology extrapolations, and attempts to extrapolate in vitro results to predict in vivo effects for hazard

characterization.
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1. Introduction: occurrence, human exposure, and
pharmacokinetic considerations in humans

Human exposure to di(ethylhexyl) phthalate (DEHP) can occur
via the dermal, inhalation, oral, and intravenous routes of exposure
and, when released from medical equipment to patients in the
neonatal intensive care unit, levels can be high [178]. The
toxicokinetics (absorption, distribution, metabolism and elimina-
tion [ADME]) of DEHP in humans, experimental animals and,
where relevant, cellular systems, plays an important role in
discerning potential adverse effects. The carcinogenic hazard of
DEHP has been reviewed previously by the International Agency
for Research on Cancer (IARC) [87,88] with a more recent
evaluation that occurred in 2011 published as a brief summary
of findings [72]. DEHP reproductive hazard has been evaluated
twice by expert panels convened by the NTP Center for the
Evaluation of Risks to Human Reproduction (CERHR), a joint
venture between the The National Toxicology Program (NTP) and
the National Institute of Environmental Health Sciences (NIEHS)
[96,97]. Both the previously published IARC and CERHR efforts
contained discussed DEHP exposure and ADME. However, more

recent studies in humans have been published after the finalization
of these reviews [107–109] that provide critical information for the
interpretation of human studies and relevance of rodent and
marmoset models.

Upon ingestion by either rodents or humans, DEHP is rapidly
metabolized by pancreatic lipases in the lumen of the gut to
mono(2-ethylhexyl) phthalate (MEHP) and further metabolized
into oxidative metabolites which can be glucuronidated before
excretion in the urine and feces [7,8,178]. For humans the
metabolism of DEHP is particularly complex and involves several
oxidative metabolites. The data most cited and applicable to the
characterization of DEHP ADME in humans is that of Koch et al.
[107–109] and for rodents is Albro et al. [7–11]. Rodents and
humans share many of these metabolites and pathways as shown
in Fig. 1 (as adapted from Silva et al. [178]). One of the most studied
DEHP metabolites, and the one implicated as responsible for many
of DEHP’s effects, is MEHP.

The study of DEHP ADME in either humans or experimental
animal species is hampered by its ubiquitous presence in the
environment, in laboratory equipment, and by its hydrolysis under
abiotic conditions [65]. The most accurate estimate of DEHP ADME

DEHP

[di(ethy lhe xyl)  phthalate ]

MEHP*

[mono( 2-ethylhexyl) phthala te]

MEHHP* (structural isomer of MHE HP) MHE HP (structu ral isomer of MEH HP)

[mon o-(2-ethyl-5- [mon o-2(2-hydroxyeth yl) [mon o-2-(1-hydroxyethyl) [mon o-)2-ethyl-6-hydroxyhexyl) phthalate]

hydroxyhexyl) phthalate] hexylph thalate] hexyl ph thalate

MEOHP* MCMHP MOE HP MECPP *
[mon o-(2-ethyl-5- [mon o-(2-carbox ymethyl)  [mon o-2-(1-oxyethyl) [mon o-(2-ethyl-5-ca rboxypent yl) phthalate]

oxohexyl) phthalate] hexylph thalate] hexyl ph thalate]

MHECPP ME CBP* MEHC PP*
[mon o-2-(hydroxyethyl)- [mon o-(2-ethyl-4- [mon o-(2-ethyl-4-hydroxy-5-

5-carboxypentyl phthalate] ca rboxybut yl) phthalate] ca rboxypent yl) phthalate]

MHECBP MECPrP* MEOC PP*
[mon o-2-(hydroxyethyl) mon o-(2eth yl-3- [mon o-(2-ethyl-4-ox o

-4-ca rboxybutyl phthalate] ca rboxypropyl) phthalate] -5-ca rboxylpent yl) phthalate]

Fig. 1. Suggested metabolic scheme for DEHP metabolism in humans adapted from Silva et al. [178]. (*) Previously identified in rodents.
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