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Abstract
Phthalates are ubiquitous compounds used in the manufacturing industry. Some are known
endocrine disruptors, acting as xenoestrogens, others induce reproductive toxicity and damage to
DNA among other effects. Studies on apoptosis induction and mitochondrial damage capacity of
phthalates on the immune system are limited. This study aims to determine cell viability inhibition
and apoptosis induction of diethylhexyl phthalate (DEHP) and monoethylhexyl phthalate (MEHP)
on the human TK6 lymphoblast cell line at concentrations found in the environment. Key hallmark
events, such as mitochondrial membrane permeability, generation of reactive oxygen species
(ROS) and activation of caspase 3 and 7 were measured. Concentrations that inhibit viability of
50% (IC50) of the cells were determined at 24, 48 and 72 hours with doses ranging from 10μM to
500μM. Changes in mitochondrial membrane permeability, ROS generation and activation of
caspases 3 and 7, were measured as part of the cell death mechanism. The IC50 at 24 hours was
approximately 250 μM for both phthalates; at 48 hours were 234μM and 196μM for DEHP and
MEHP, respectively and at 72 hours IC50s were 100 μM and 80 μM for DEHP and MEHP
respectively. Overall the longer the time of exposure the lower the IC50's for both compounds.
Both compounds affected mitochondrial membrane potential, promoted ROS generation and
activated caspases 3 and 7. MEHP is more toxic, promotes higher level of ROS production and
caspases activation. Our findings suggest that DEHP and MEHP have the capacity to induce
apoptosis in cells of the immune system at concentrations found in the environment.
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Introduction
Phthalates are a family of compounds widely used in the manufacturing industry and the
production of plastics. Exposure to these substances can occur through consumer items,
medical devices, and beauty products (Wahl et al. 2004; Koo et al. 2004). There are a high
number of products containing phthalates that are easily released into the environment.
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Some studies at industrialized countries have pointed out that a large extent of the
population are exposed to various phthalates including DEHP and MEHP (Fromme, H., et
al. 2007; Swan, S.H., 2008; Suzuki et al. 2009; Wormuth et al. 2006). Phthalate residues
have been detected in households, food, plastic containers, Superfund sites, in adult and
children urine samples, in blood samples of women with endometriosis, and in placental
samples (Nakamiya et al. 2005; U.S. Environmental Protection Agency 2002; Silva et al.
2007; Cobellis et al. 2003; Jen and Liu, 2006; Sax, 2010; Latini et al. 2003). Infant exposure
has also been demonstrated through the detection of phthalates in urine, potentially from the
use of personal care products such as lotions, shampoo and powders (Sathyanarayana et al.
2008).

Phthalate exposure and some of its effects have been determined partially through research
with animal models including rats, mice, hamsters, and tissue culture. Some of the observed
effects are hepatocarcinogenesis, tumors, DNA mutations, alterations in embryonic
development, reproductive toxicity, and infertility in animal models as well (Cobellis et al.
2003). Other studies have indicated relationships between exposure to phthalates and
adverse health effects in humans such as the report of exposure to MEHP causing alteration
of thyroid hormone level in men where an inverse relation was found between the MEHP
concentrations in urine samples and the serum levels of T3 and T4 (triiodothyronine). MEHP
exposure has been linked to up and down regulation of genes such as PAFAH1B1 related
with the cortical development as well as androgen antagonist activity has been reported
(Meeker et al. 2007; Hokanson et al. 2006), additionally, effects on the cardiovascular,
hepatic, urologic and genital systems have been reported. A dose-response relationship was
observed between phthalate concentrations, asthma and allergic symptoms in children
(Singh and Li, 2010; Bornehag et al. 2004). An inverse significant relation was found
between sperm concentration, percentage of abnormal sperm and DEHP concentrations
(Pant et al. 2008).

Limited information has been reported on the effect of phthalates on the immune system,
where phthalate ester metabolites have been reported to be peroxisome proliferator-activated
receptor γ (PPARγ) agonists capable of inducing apoptosis on primary bone marrow B cells
(Schlezinger et al. 2004). Cells from the immune system such as lymphoblasts are crucial to
the adaptive cellular immune response based in a dynamic antigen pathogen recognition
system. The ubiquitous presence of phthalates in human daily activities implies a constant
exposure to the immune system including changes in the viability and function of
lymphoblast cells suggesting that phthalates may have adverse effects on the immune
system (Jaakkola and Knight, 2008). Studying the response of human lymphoblast cells to
DEHP and MEHP can bring a new perspective on the toxicity and cellular effects of these
compounds on the immune system.

It is important to emphasize that the experimental doses used in this study are consistent
with levels encountered in the environment and that the selected time of exposures, although
longer than in previous reported studies, respond to the need to better understand the effects
of a chronic, rather than an acute exposure. The dose responses observed in this study
provides valuable information specifically on the capacity of phthalates, to induce change on
the mitochondrial membrane potential, generation of ROS and activation of caspases, which
are hallmark events in cellular apoptosis.

Materials and Methods
Stock solutions and Reagents

DEHP and reduced L-glutathione where obtained from Sigma Aldrich (St Louis, MO).
MEHP was obtained from Accu Standard (New Haven, CT). Stock solutions of both DEHP
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and MEHP were prepared at concentrations of 2mM in dimethyl sulfoxide (DMSO)
biotechnology grade, obtained from Sigma Aldrich, St. Louis, MO. Stock solutions were
kept in sterile glass vials and stored at 4°C. The following positive controls where obtained
from Sigma Aldrich, St. Louis, MO: cis-diammineplatinum (II) dichloride (cisplatin) for
ROS determination; Valinomycin for the mitochondrial membrane permeability and
Staurosporine for caspases 3 and 7 activation.

Cell Culture
The Human TK-6 lymphoblasts cells from American Type Culture Collection (ATCC),
Manassas, VA (ATCC CRL-8015) were cultured to confluence on RPMI 1640 culture
media (ATCC, Manassas, Virginia) with 10% fetal bovine serum (ATCC, Manassas,
Virginia). Cell cultures were maintained at 37°C and 5% CO2.

Determination of IC50
Prior to treatment, TK6 cells were subcultured and kept at a density of 1 × 106 cells per
3.5mL of culture media plus additives in 25cm2 flasks to assure stable metabolic state and
exponential growth. TK6 cells were exposed to DEHP and MEHP for 24, 48 and 72 hours to
experimental doses ranging from 10μM to 500μM. Cell viability and the IC50 of each
phthalate were determined by trypan blue exclusion with the Countess™ automated cell
counter (Invitrogen Corp. Carlsbad, California).

Mitochondrial Membrane Permeability
TK6 cells in culture at a density of 1×106 cells per 3.5mL of media were exposed to the
experimentally determined IC50 of DEHP and MEHP at 24 and 48 hours. DMSO (vehicle)
and valinomycin (11 uM) were used as the negative control and positive controls
respectively. To evaluate the effect of antioxidants on mitochondrial membrane permeability
Tk6 cells were also exposed for 48 hours to DEHP and MEHP in the presence of L-
glutathione reduced at a concentration of 500μM.

Mitochondrial membrane permeability was indirectly assessed using Mito PT™
(Immunochemistry Technologies LLC, Bloomington, MN) following the manufacturer
specifications. This assay permits detection of changes in mitochondrial membrane potential
by means of fluorescence produced by the 5,5′,6,6′-tetrachloro-1,1′,3,3′-
tetraethylbenzimidazolocarbocyanine iodide (JC-1) stain. In healthy mitochondria, JC-1 is
up taken forming a series of complexes known as J aggregates. Upon alteration of the
membrane potential the dye will be dispersed in the cytosol in its monomeric form causing
the cells to fluoresce green, measured in fluorescence standard units (FSU) with the
Modulus fluorometer (Promega, Sunnyvale, CA).

Generation of reactive oxygen species
The generation of reactive oxygen species (ROS) from mitochondria can occur before or
after mitochondrial membrane depolarization. For the determination of an increase in the
generation of ROS due to the exposure to DEHP and MEHP, TK6 cells in cultures were
exposed for 24 and 48 hours to the IC50 doses at the conditions previously described.
Determination of ROS generation was performed through the application of the reagent 2,7-
dichlorofluorescein diacetate (DCFH-DA) as described by Park (2007). The reagent DCFH-
DA indicates the generation of reactive oxygen species by producing green fluorescence
proportional to the ROS generation level.

Cultures with reduced L-glutathione as an antioxidant, at a concentration of 500 μM was
also included to evaluate the effect on the levels of ROS generated. Cultures treated with
DMSO were included as negative controls and cis-diammineplatinum (II) dichloride
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(cisplatin) at a concentration of 13uM as the positive control. ROS levels were measured in
fluorescence standard units (FSU) with the Modulus fluorometer (Promega, Sunnyvale,
CA).

Activation of caspases 3 and 7
TK6 cultures were exposed to DEHP and MEHP at their respective IC50 at conditions
previously described. For determination of caspases 3 and 7 activation, the Magic Red™
assay from Immunochemistry Technologies LLC, Bloomington, MN, was implemented
following the manufacturer recommended protocol. The assay detects activation of the
effector caspases 3 and 7 by the production of red fluorescence. Included controls were
DMSO and reduced L- glutathione at a concentration of 500μM as negative controls and
staurosporine (1μM) as positive control. Quantitative measures of caspase activation were
obtained in fluorescence standard units (FSU) with the Modulus fluorometer (Promega,
Sunnyvale, CA).

Statistical Analysis
To assess significance in the average changes of TK6 human lymphoblasts cells according
to the concentration of DEHP and MEHP, one way ANOVA with fixed effect was
performed. In case significant results were found in the one way ANOVA, a Post Hoc Test
Tukey honestly significant difference (HSD) was also performed.

Results
Determination of IC50

The IC50 of DEHP and MEHP on TK6 cells were determined at 24, 48 and 72 hours.
Treatments with DEHP indicated an IC50 of approximately 250μM after 24 hours of
exposure, 234μM (91.4mg/L) after a 48 hour exposure and 100 μM (39.06mg/L) after 72
hours (Figure 1A). The determined IC50 dose for MEHP was 250μM for the exposure period
of 24 hours, 196μM (54.55mg/L) after a 48 hours and 80μM (22.27mg/L) at 72 hours
(Figure 1B). A stimulus in cell growth was observed at low doses (20μM) but a clear dose
response was observed at higher concentration.

Mitochondrial Membrane Permeability
Figure 2 presents the comparison of mitochondrial membrane permeability (measured in
FSU) among the tested compounds including the positive and negative controls after 24 and
48 hours of exposure. Comparison of the mitochondrial membrane permeability after 24
hours exposure (measured in FSU) demonstrated the following levels of membrane
permeability: DMSO negative control (431.51FSU) < valinomycin positive control
(1079.18FSU ± 1.39) < DEHP (1100.85FSU ± 40) < MEHP (1630.94FSU ± 1.39). At the 48
hours exposure period however, similarities where observed among DEHP (2505.58FSU ±
84.59), MEHP (2210.09FSU ± 58.07) and valinomicyn (2327.65FSU ± 131.7) in their
capacity to induce mitochondrial damage; in contrast to the negative control DMSO
(1146.44FSU ± 179.96). The Post Hoc Test Tukey (HSD) indicated significant difference on
the average level of mitochondrial membrane permeability caused by DEHP and MEHP (P-
values of 0.002 and 0.024, respectively) in comparison with the negative control. No
significant difference however, was observed among the positive control, MEHP and DEHP
(P-value >0.10).

These phthalate compounds demonstrated capacity to induce alterations to the mitochondrial
membrane potential. Confirmatory evidence was obtained when cultures where exposed to
DEHP and MEHP in the presence of the antioxidant reduced L-glutathione for 48 hours
(Figure 2) where the effect in the mitochondrial membrane permeability was clearly
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diminished. In DMSO cultures in the presence of L-glutathione the reduction resulted in
ROS levels after 48 hours of treatment similar to the 24 hours treatment proving to be a
protecting factor.

Generation of reactive oxygen species
Figure 3 shows the buildup of ROS in the TK6 after 24 and 48 hours exposed to DEHP or
MEHP and subsequent staining with the ROS reactive agent DCFH-DA. After 24 hours of
exposure, the observed levels of ROS generated was as follow: Cisplatin as positive control
(1348.85FSU ± 20.05) > MEHP (816.53FSU ± 14.55) > DEHP (458.54FSU ± 5.56) >
DMSO (399.08FSU ± 10.55). At the 48 hours exposure both compounds reported an
increase in the ROS generation in comparison with the 24 hours treatment but the order of
highest to lowest ROS inductors remained. The 48 hours ROS generated levels was as
follow: Cisplatin (1575.35FSU ± 108.4) > MEHP (1518.75FSU ± 3.66) > DEHP
(793.27FSU ± 108.74) > DMSO (39.62FSU ± 8.14). Comparison among phthalates revealed
that the metabolite MEHP induced cells to produce twice as much ROS than the parent
DEHP. The Post Hoc Test Tukey (HSD) showed significant difference (p<0.05) in the level
of ROS species generated by the cells exposed to DEHP compared with the positive control
and MEHP. Comparison of the level of ROS generated by the cells exposed to DEHP and
MEHP showed significant differences (P-value = 0.009). No significant difference was
observed among the positive control (cisplatin) and MEHP (P-value >0.1), suggesting
similarities in their capacity to induce the generation of ROS.

Cultures treated in the presence of the antioxidant L-glutathione for 48 hours resulted in a
reduced level of ROS (Figure 3). The highest level of ROS was observed on cells exposed to
the positive control, Cisplatin (1210. 85FSU ± 156.37), followed by DEHP (418.42FSU ±
104.57), DMSO (267.27FSU ± 36.44) and MEHP (173.55FSU ± 62.47). Although ROS
levels in the negative control resulted higher than expected, the decrease in the level of ROS
in the presence of L-glutathione was clearly observed for the DEHP and MEHP treated
cultures.

Activation of caspases 3 and 7
Figure 4 presents activation of caspases 3 and 7 after 24 and 48 hours of treatment at the
IC50's of DEHP and MEHP followed by the Magic Red™ protocol. Staurosporine (1 uM), a
known caspase activator was used as the positive control and DMSO as negative control.
For the 24 hours exposure period Staurosporine was the highest caspases activator
(1390.92FSU ± 151.25), followed by MEHP (292.80FSU ± 19.71), and DEHP (122.13FSU
± 4.68).

At 48 hours DEHP (1406.94FSU ± 28.30) and MEHP (1209.72FSU ± 97.15) presented a
strong activation of caspases 3 and 7 in contrast to the negative control DMSO (33.21 ±
48.04). The Post Hoc Test Tukey (HSD) showed the comparison with the positive control
staurosporine (1322.55FSU ± 77.14) with DEHP to produced a significance value of 1.0,
and with MEHP a value of 0.999 indicating lack of significant difference in the level of
caspases 3 and 7 activation between the phthalates and the positive control. The effect on the
activation of caspases 3 and 7 was tested in the presence of the antioxidant reduced L-
glutathione. The decrease in activation in the presence of the antioxidant demonstrated the
capacity of DEHP and MEHP to activate caspases 3 & 7. The order in activation was as
follows: staurosporine positive control (174.48FSU ± 27.11) > DMSO (128.55FSU ± 38.54)
> MEHP (56.99FSU ± 2.53) > DEHP (16.33FSU ± 3.25).
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Discussion
Phthalates and their derivatives are a common group of widely used chemicals in
manufacture; however their effects upon human health continue to present controversy
because relatively little is known about their effects on the immune system at a cellular
level. DEHP and MEHP are known to affect some immune cells and interfere with immune
functions but the mechanism remains elusive (Palleschi et al. 2009; Koike et al. 2009;
Kleinsasser et al. 2004). Our data shows the effects of these compounds upon a normal
lymphoblast cells line in which several key toxicity checkpoints were tested.

A DEHP median (maximal) human intake concentration of 2.7(42.2) μg/kg has been
reported (Wittassek and Angerer, 2008). This environmental level generates strong concern
since DEHP is one of the most widely used phthalates and one can argue that exposure to
DEHP leads to formation of more toxic metabolites such as MEHP and 2-ethylhexanol. In
this study the observed concentrations at which DEHP inhibited the 50% of the cell
replication are comparable with the concentrations found in sludge from several sewage
treatment plants (STPs) that range from 15 to 346mg/Kg in Quebec, Canada and in blood
patient samples with a range between 50 to 350μM (Beauchesne et al. 2008; Plonait, et al.
1993; Tickner et al. 2001).

In urban areas of Montreal, Canada, DEHP was detected at concentrations around 180μg/L
in river water and 4.6μg/L in samples of tap water (Horn et al. 2004). It has also been found
in plasma samples of pubertal gynecomastia at an average DEHP concentration of 4.66 ±
1.58μg/mL and MEHP at a concentration of 3.19 ± 1.41 μg/mL. In human breast milk,
DEHP concentration has been found with a mean of 17± 47ng/mL; and in human blood and
serum at a mean level of 5.9 ± 21ng/ (Durmaz et al. 2010; Högberg et al. 2008) as well as in
semen at concentration levels of 0.77± 1.20μg/mL (Pant et al. 2008). The wide range of
levels of phthalates found in different scenarios demonstrates the need to better understand
their toxicity at the molecular levels.

In this study the metabolite MEHP was found to be more toxic to TK6 lymphoblast cells
than the parent compound DEHP, consistent with studies with other cell types (Schlezinger
et al. 2004). A clear dose response was observed for both compounds as a function of
exposure time. MEHP induced stronger survival reduction at 48 and 72 hours in contrast to
the parent DEHP. That is, at 72 hours the IC50 was higher than at 48 and 24 hours of
treatment revealing the incapacity of the lymphoblast to overcome the damage and therefore
affecting cell replication and viability.

The difference in cell viability effect between both compounds at 48 hours can be a
combination of the greater toxicity of MEHP and the time it takes to initiate the
biotransformation of DEHP into MEHP, which appears to be a more toxic species.
Lymphocytes are most of the time in quiescent state and just shift to a highly active state
within hours after being stimulated (Frauwirth and Thompson, 2004). This may suggest a
slower biotransformation of DEHP and MEHP by TK6 at the beginning of the exposure
period, and which may include the formation of the metabolite 2-ethylhexanol for both
compounds (Carter, 1974; Wahl, 2004).

Our study also reports that both DEHP and MEHP cause alterations in the mitochondrial
membrane potential, which is a hallmark of apoptosis (Brunelle et al. 2009; Elmore, 2007;
Fink and Cookson, 2005). This result is consistent with previous reports, since mitochondria
are the sites where these compounds are hydrolyzed and modified (Carter, 1974; Melnick
and Schiller, 1982). These alterations in the membrane potential may promote the formation
of ROS, which was particularly high in cultured cells exposed to MEHP.
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The ROS generated may contribute as positive feedback to induce alterations in the
mitochondrial membrane potential as suggested by the results of the mitochondrial
membrane permeability assay in the presence of the antioxidant L-glutathione reduced in
which the permeability is drastically reduced as well as the activation of caspase 3 and 7.
Although not tested in this study phthalates have shown to stimulate Ca2+ entry in the cells
and mitochondria which increases ROS production as well as significant crossover between
the two principal apoptosis pathways suggesting the existence of positive feedback loops
(Palleschi et al. 2009; Bissonnette et al. 2008). The difference between the ROS generated
by MEHP and DEHP may be caused also by the release and/or activation of specific
mitochondrial proteins such as Prx3, COX-2 and cytochrome c oxidase. Figure 5 proposes
the cell death mechanism induced on TK6 cells after treatment with DEHP and MEHP.

Relevant to our study is the effect that MEHP inside the mitochondria could exert over
antiapoptotic proteins such as peroxiredoxin 3 (Prx3) which under short term exposure to
MEHP could exert a cytoprotective role (Onorato et al. 2008). Acute and chronic oxidative
injuries can lead to reduced Prx3 levels resulting in diminished protective responsiveness
and increased susceptibility to oxidative stressors (Wood-Allum et al. 2006; Onorato et al.
2008). It has also been reported that cytochrome c oxidase can be stimulated by MEHP and
ethyl hexanol (EH) but not by DEHP in hepatocytes (Ganning et al. 1982; Ganning et al.
1983; Ganning and Dallner, 1981).

It is the cascade of events and degeneration of the mitochondrial machinery that may trigger
the activation of effector caspases such as caspases 3 and 7. Although apoptosis involves the
activation and participation of multiple proteins the activation of caspases 3 and 7 are
considered early stages changes of apoptosis. Our data shows the activation of these
enzymes after exposure to DEHP and MEHP providing additional information indicating the
capacity of these compounds to trigger cellular activities and to generate cellular damage.
The role of mitochondria and the release of ROS are also key indicators of a program cell
death.

Conclusions
This research provides novel information regarding the cellular effects of DEHP and MEHP
in lymphoblast cells. Our data demonstrate that these compounds affect the viability of the
lymphoblast cells including increased mitochondrial membrane permeability, generation of
ROS and caspase 3 and 7 activation, hallmark events in apoptosis. The toxicity of these
phthalates in lymphoblast cells is clear and the constant human exposure and absorption is a
factor that could compromise the human immune system in a way similar to what was
observed in this study where the viability of the cells was clearly reduced with constant
presence and a long exposure period. It is important to emphasize that the experimental
doses used in this study are consistent with levels encountered in the environment and that
the selected time of exposures, although longer than in previous reported studies, respond to
the interest of modeling a chronic, rather than an acute exposure. The abundance of these
compounds as part of human daily activities implies that more research is needed and that it
is important to further and clearly understand their effects at the organ system level specially
for immune-compromised subjects, children, infants, and advance aged persons in order to
prevent the health hazards posed by these substances at levels encountered in the
environment.
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Abbreviations

DEHP diethylhexyl phthalate

MEHP monoethylhexyl phthalate

DMSO dimethyl sulfoxide

JC -1 5,5′,6,6′-tetrachloro-1,1′,3,3′-tetraethylbenzimidazolocarbocyanine iodide

ROS Reactive Oxygen Species

FSU Fluorescence standard units

IC50 Inhibition concentration of 50 % of cell population

DCFH-DA 2,7 – dichlorodihydrofluorescein-diacetate
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Highlights

• Study provides evidence on the capacity of phthalates to induce hallmark events
in apoptosis

• Experimental doses consistent with levels of DEHP and MEHP encountered in
the environment

• Longer experimental time of exposures resembling continues environmental
exposure
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Figure 1.
Figure 1A. TK6 cells viability after 24, 48 and 72 hours of exposure to DEHP. The 24 hours
IC50 was 250μM, the 48 hours IC50 was 234μM and the 72 hours IC50 was 100μM.
Figure 1B. TK6 cells viability after 24, 48 and 72 hours exposure to MEHP. The 24 hours
IC50 was 250μM, the 48 hours IC50 was 196μM and the 72 hours IC50 was 80μM.
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Figure 2.
Comparison of changes in the mitochondrial membrane potential among TK6 cells exposed
for 24 and 48 hours to the IC50's of DEHP (234μM) and MEHP (196μM). For the 48 hours
exposure assay the average level of mitochondrial membrane permeability caused by DEHP
and MEHP presented P-values of 0.002 and 0.024, respectively when compared with the
negative control. Also no significant difference was observed among the positive control
(valinomycin) with MEHP and DEHP (P-value >0.10). Comparison of the changes in the
mitochondrial membrane potential generated on TK6 cells exposed for 48 hours to the
IC50's of DEHP (234μM) and MEHP (196μM) with 500μM of L- glutathione is also
presented an illustrates the reduction effect.
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Figure 3.
Comparison of the Generation of Reactive Oxygen Species as detected by DCFH-DA of
TK6 cells exposed for 24 and 48 hours to the IC50's of DEHP (234μM) and MEHP
(196μM). For the 48 hours exposure assay there is significant difference (p<0.05) in the
level of ROS generated by the cells exposed to DEHP compared with the positive control
and MEHP. The cells exposed to DEHP and MEHP also showed significant differences (P-
value = 0.009). But no significant difference was observed among the positive control
(cisplatin) and MEHP (P-value >0.1). Comparison of the ROS generated of TK6 cells
exposed for 48 hours to the IC50's of DEHP (234μM) and MEHP (196μM) with 500μM of
L- glutathione reduced are also presented also presented an illustrates the reduction in ROS
generation.

Rosado-Berrios et al. Page 14

Toxicol In Vitro. Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Comparison of Caspases 3 and 7 Activation of TK6 cells exposed for 48 hours to the IC50's
of DEHP (234μM) and MEHP (196μM). For the 48 hours exposure period the comparison
of the positive control staurosporine with DEHP produced a significance value of 1.0, and
with MEHP a value of 0.999 indicating no significant difference in the level of caspases 3
and 7 activation between DEHP, MEHP and the positive control. Comparison of Caspases 3
and 7 Activation on TK6 cells exposed for 48 hours to the IC50's of DEHP (234μM) and
MEHP (196μM) with 500μM of L- glutathione reduced are also presented an illustrates the
reduction effect.
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Figure 5.
Proposed cell death mechanism induced on TK6 cells after treatment with DEHP and
MEHP. Events presented in this pathway are a summary of general events involved in
apoptosis. As demonstrated in this study the cell death mechanism induced by DEHP and
MEHP includes mitochondrial membrane permeability, generation of ROS and activation of
caspases 3 and 7 (shaded shapes). Segmented lines indicate apoptotic contributing events
that were not measured in this study but are proposed for DEHP and MEHP based on our
findings. The differences observed in mitochondrial permeability, ROS and caspase
activation levels generated by MEHP and DEHP imply that different factors are influencing
their cell death mechanism. Although not tested in this study phthalates have shown to
stimulate Ca2+ entry in the cells and mitochondria which increases ROS production as well
as significant crossover between the two principal apoptosis pathways suggesting the
existence of positive feedback loops (Palleschi et al. 2009; Bissonnette et al. 2008). The
difference between the ROS generated by MEHP and DEHP may be caused also by the
release and/or activation of specific mitochondrial proteins such as Prx3, COX-2 and
cytochrome c oxidase.
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