
A reversed-phase gradient elution, UV detection method is
developed for the simultaneous determination of mono (2-
ethylhexyl) phthalate [MEHP] and di (2-ethylhexyl) phthalate
[DEHP] in tissue samples. The method is validated with respect to
extraction recovery, inter and intra-day precision, linearity of
response, detect ability, and specificity. The validated method has
been successfully applied to the study of DEHP and MEHP in liver,
kidney, testis, brain, and plasma samples from rat.

Introduction

Di (2-ethylhexyl) phthalate (DEHP) (Figure 1) is a commer-
cially important plasticizer in polyvinyl chloride production, as a
lubricant, and as a component of cosmetics such as nail polish
and hair spray. Phthalates are not irreversibly bound in the
polymer matrix and can migrate into the environment as a pol-
lutant or into the body by transfer from storage materials to
products such as food (1,2), infant formulas (3), or pharmaceu-
tical products (4). Several investigations reported that DEHPwas
found in tissues of human patients who had received transfu-
sions of blood stored in plastic bags or through medical devices
(5–9).
Loff et al. (5) have quantified DEHP levels which have leached

from variousmedical products such as PVC infusion tubing used
in parenteral nutrition, blood transfusion products and pharma-
ceuticals used to care for neonatal children. Demore et al. (4)
studied the release of DEHP from containers when the antineo-
plastic drug etoposide was stored. Etoposide was evaluated
because it is prepared with the surfactant polysorbate 80, which
is believed to release of DEHP from PVC containers. The poten-
tial health risks associated with DEHP leached from polyvinyl
chloride medical devices has been recently reviewed by the FDA
Center for Devices and Radiological Health (10). Furthermore,
FDA Center for Devices and Radiological Health has recom-
mended considering alternatives when high-risk procedures

including hemodialysis, transfusion, enteral nutrition or total
parenteral nutrition are to be performed onmale neonates, preg-
nant women who are carrying a male fetus, and peripubertal
males (11).
Given the high levels of production and ubiquitous exposure

to phthalates, there are concerns that phthalates may be acting
as toxicants, especially as an endocrine disruptor. This is an
active area of toxicological research in both animals and humans
with a sizeable literature demonstrating the potential of phtha-
lates to act as carcinogens and testicular toxins (12–20). The
important question is to relate toxic effects to actual exposure
levels in various tissues.
Currently, there are several gas chromatographic (21–24)

high-performance liquid chromatography (HPLC)–UV (6,25,26),
and HPLC–mass spectrometry (MS) (27–29) methods to deter-
mine DEHP in various food and biological fluids and tissues.
Most of these methods are specific for a certain matrix. The pur-
pose of this study was to determine the reliability of a unified
HPLC method (30) to simultaneously determine and quantify
DEHP and its metabolite (MEHP) in blood, plasma, liver, brain,
and testes. We will present the results of several validation
parameters, which were tested.
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Figure 1. Chemical structures of DEHP (A), MEHP (B), and DIBP (C) (internal
standard).
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Experimental

Instrumentation
Validation of the test method was performed on 1100 Series

HPLC system (Agilent Technologies, Palo Alto, CA) equipped
with G1313A autosampler, G1322A degasser, G1311A quaternary
pump, and G1314A UV–vis detector. A second 1100 Series HPLC
system (Agilent Technologies) with a diode array detector was
used to test for intermediate precision on a different instrument.
A ChemStation Data Acquisition System was used with both
instruments.
The HPLC separation was performed with an Altima C18

Column (150 × 4.6 mm, 5 µm) and a pre-column filter from
Alltech Associates Inc. (Deerfield, IL). A Polytron (Brinkmann
Instruments, Westbury, NY) was used to homogenize the tissues
and a Sonifier Cell Disruptor, (Branson Instruments Inc.,
Stanford, CT) was used to further disrupt the tissue samples.

Chemicals and Reagents
Phthalic acid mono-2-ethylhexyl ester, phthalic acid di-2-

ethylhexyl ester, and phthalic acid diisobutyl ester (DIBP) were
purchased from TCI America (Portland, OR). HPLC grade ace-
tonitrile (ACN) and methanol (MeOH) were purchased from
Fisher Scientific. The water used was purified using a Milli-Q
gradient A10 system (Millipore Corp., Milford, MA). All other
chemicals and solvents were obtained from commercial sources
and were of high purity. The stock solutions of DEHP,MEHP, and
Internal standard DIBP were prepared in 100% ACN.

Animals
Subjects were Holtzman Sprague-Dawley rats purchased from

Harlan Sprague-Dawley (Indianapolis, IN). Rats were housed in
polycarbonate cages with heat-treated chip bedding, and fed a
standard rat diet (Purina 5012) and tap water. The animal room
was on a 12/12 h lighting schedule and maintained at 70 ± 2
degrees over the course of the experiment. All animals used in
these analyses were adults over 100 days of age. The animals were
maintained and treated according to NIH guidelines for ethical
treatment of research animals.

Sample preparation procedures
The organs were weighed and then homogenized using a

Brinkmann polytron. Approximately 1 g of the chopped tissue
sample was placed in a 10-mL reaction vial (for extraction) con-
taining 7.5 mL of 100% ACN, 0.02 mL of 85% phosphoric acid
and 0.3 g of NaCl. After adding 1.5 mL DIBP (concentration 256
µg/mL) as an internal standard into the extraction solution,
homogenization of the tissue sample was carried for 10 min
using a sonifier cell disruptor. The sample was then vortexed for
5 min and filtered using an Acrodisc CR 25 mm syringe filter
before injection into the HPLC system.
For liquid samples such as plasma and milk, 200 µL of the

sample was added into a glass tube, followed by 1 mL of 100%
ACN, 4 µL of 85% phosphoric acid, and 200 µL internal standard.
The solution was vortexed for 1min then filtered to separate pro-
teins and other insoluble substances using an Acrodisc syringe
filter prior to injection into the HPLC system.

HPLC method
A reversed-phase HPLC method was used under a gradient

elution range of 60% to 100% ACNwith a gradient time of 5min
at a flow rate of 1 mL/min, then increased to 2mL/min for 3 min
while keeping the final solvent composition at 100% ACN. The
acidity of the mobile phase was controlled at pH 3.0 with 25mM
NaH2PO4. H2O buffer. A 235 nm UV wavelength was used for
detection. Applications of the method on spiked samples of rat
liver, kidney, testis, brain, and plasma are shown in Figure 2.

Results and Discussion

Method validation
Systematic validation studies were conducted to determine

how precisely and accurately the developed method can produce
reliable and reproducible data when the developed method is
applied in different environments such as different instruments
or different laboratories. Several validation parameters such as
precision (both repeatability and reproducibility), accuracy, limit
of detection (LOD), limit of quantitation (LOQ), linearity, range,
and robustness were examined.

Accuracy
Three preparations of five different concentration levels of

standard solutions were made from a stock solution containing
35.4 µg/mL DEHP, 43.4 µg/mL MEHP, and 247 µg/mL DIBP
(Table I). Similar amounts were also spiked into control samples
of liver free from DEHP and MEHP. The samples were injected
into the HPLC system, and the percent recovery was calculated
(Table I). The percent recovery for MEHP at all concentration
levels was above 100%. In the case of DEHP, the percent recovery
increased from an average of 91.2% at 4.25 µg/mL to 99.1% at
24.78 µg/mL. Percent RSD, for bothDEHP andMEHP, was found
to be less than 1% under all concentrations studied except for
6.02 µg/mL DEHP, 7.39 µg/mL MEHP and 49.4 µg/mL DIBP
where percent recoveries were comparatively high.

Precision
In this study, method precision (intra-assay repeatability),

instrument precision (injection repeatability), and intermediate
precision were investigated. To determine method precision
(intra-assay), different concentrations of DEHP and MEHP were
spiked into liver samples, which were free of DEHP and MEHP.
The samples were analyzed by the same analyst and in the same
day. Percent relative standard deviation were 1.61% (n = 6) and
0.89% (n = 6) for DEHP and MEHP, respectively.
To assess injection precision, a sample containing 5.45 µg/mL

DEHP, 10.1 µg/mL MEHP, and 42.57 µg/mL DIBP was injected
five times consecutively into the HPLC system. The calculated
%RSD of the peak area (2.43%) was relatively high for DEHP in
comparison to MEHP (0.34%) and DIBP (0.31%). This can be
related to the lower concentration as well as longer retention
time of DEHP.
Intermediate precision was also studied in order to determine

the agreement of themeasurements when themethod is used on
different days, within the same laboratory, using different HPLC
systems, and conducted by different analysts. It also involved



multiple preparations of the sample. The method was tested
using a different HP 1100 instrument from Agilent Technologies
with a diode-array detector and on a different day. Known con-
centrations of DEHP andMEHPwere spiked into six liver control
samples free of DEHP andMEHP, and the samples were extracted
and analyzed. The%RSDwas less than 5% (n= 6) for bothDEHP
and MEHP.

Linearity
A stock solution containing 35.4 µg/mL DEHP and 43.4

µg/mL MEHP was sequentially diluted with 100% ACN in order
to prepare several standard solutions of which the lowest con-
centration is the limit of quantitation (Table II). Similar concen-
trations of the standard solutions were prepared by spiking liver
samples (free of DEHP and MEHP) with fixed amounts of DEHP
and MEHP prior to extraction. In both cases, all standard solu-
tions were spiked with a certain amount of the internal standard
(10 mL of 247 µg/mL of DIBP). Standard solutions prepared in
100% ACN as well as in liver control samples free of DEHP and
MEHP were injected into the HPLC.
Two calibration curves, (one for standard and another for

spiked liver samples) were constructed by plotting concentration
ratio versus peak area ratio of the analyte over the internal stan-
dard at different concentration levels (Figure 3). Both curves are
linear within the range of concentration studied. In addition, it
passes through the origin. This indicates that all replicate mea-
surements, at each concentration level, are equivalent and the
quantification can be performed using a single point calibration
approach. Furthermore, the slopes and correlation coefficients
for DEHP and MEHP are similar under both conditions. This
also confirms a complete recovery.

LOD and LOQ
LOD and LOQ were measured by successively diluting a stock

solution containing 137 µg/mL DEHP, 57 µg/mLMEHP, and 191
µg/mL DIBP with 100% ACN prior to HPLC injection. LOD and
LOQ for DEHP were found to be 1.37 µg/mL and 4.8 µg/mL,
respectively. For MEHP, LOD and LOQ were found to be 0.57
µg/mL and 2.39 µg/mL, respectively. These conclusions are
based on the results of the concentrations that correspond to
signal-to-noise ratios of 3 and 10 for LOD and LOQ, respectively.
The % RSD of peak ratio response for four replicate injections of
six individual preparations at LOQ was found to be less than 1%.

Range
The range of the developed method was tested to determine

the lowest and the highest concentrations where themethod has
high accuracy and precision as well as a good linearity. In addi-
tion, it should cover all levels for the routine analysis. Based on
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Table I. Accuracy Studies

Concentration (mg/mL) % Recovery

DEHP MEHP DIBP DEHP MEHP

4.25 5.21 49.40 91.2 ± 0.8 107.1 ± 0.4
6.02 7.39 49.40 95.6 ± 2.3 106.4 ± 1.6
8.14 9.98 49.40 99.9 ± 0.1 105.9 ± 0.6

16.28 19.96 49.40 97.5 ± 0.3 101.1 ± 0.2
24.78 30.38 49.40 99.1 ± 0.4 101.8 ± 0.3

Figure 2. Effect of rat sample matrix on the separation of DEHP, MEHP and
DIBP; liver (A), kidney (B), testis (C), brain (D), plasma (E). Condition: 60% to
100% ACN for 5 min at flow rate of 1 mL/min and at 100% ACN for 3 min
at flow rate of 2 mL/min; buffer salt: 25mM NaH2PO4.H2O, pH 3.0.

Table II. Linearity Studies in Method Validation

Concentration (mg/mL) % Recovery

DEHP MEHP DIBP DEHP MEHP

0.46 0.56 49.40 N/D* 163.0 ± 3.3
0.81 1.00 49.40 74.9 ± 1.9 130.5 ± 0.8
2.00 2.47 49.40 98.8 ± 4.1 130.1 ± 0.8
4.25 5.21 49.40 91.2 ± 0.8 107.1 ± 0.4
6.02 7.39 49.40 95.6 ± 2.3 106.4 ± 1.6
8.14 9.98 49.40 99.9 ± 0.1 105.9 ± 0.6

16.28 19.96 49.40 97.5 ± 0.3 101.1 ± 0.2
24.78 30.38 49.40 99.1 ± 0.4 101.8 ± 0.3

* N/D = not detectable.
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the result of linearity, precision, and accuracy, the method
appears to be linear from 0.81 µg/mL to 24.78 µg/mL for DEHP
and from 1 µg/mL to 30.38 µg/mL for MEHP.

Robustness
To examine the robustness of the method toward the initial

composition of the gradient (%Bi), a sample containing 5.45

µg/mL DEHP, 10.10 µg/mL MEHP, and 42.57 µg/mL DIBP was
injected at the nominal %Bi of 60% and ± 5%. No significant
changes in retention times of DEHP, MEHP, and DIBP were
observed. Similar results were obtained when changing the
mobile phase flow rate by ± 0.25 mL/min. The stability of DEHP,
MEHP, and DIBP over time under the laboratory conditions was
studied in 100% ACN and in liver extract. The results revealed

that after six days under laboratory light at
25°C, no significant changes in peak area
were observed. It confirms that no sample
protection is necessary to prevent degrada-
tion when used for more than 24 h.

Method Applications

The validated method was applied in dif-
ferent biological samples such as liver, kidney
testis, brain, and plasma to determine the
concentration of DEHP and MEHP by a
HPLC system (Instrument I). A single point
calibration approach was used. Tissue sam-
ples were collected 3 h after an oral dose of
1000 milligram per kilogram body weight of
DEHP dissolved in olive oil. The results
clearly indicate a complete conversion of
DEHP to its metabolite MEHP in most of the
samples after only 3 h (Tables III). In addi-
tion, DEHP as well as MEHP were found in
both liver and plasma samples while only
MEHPwas observed in kidney and testis sam-
ples. Brain sample did not show any level of
DEHP or MEHP. Furthermore, high concen-
trations of MEHP were found in both liver
and plasma samples.
The collected samples, from different rat

organs, were also analyzed on a different
HPLC system (Instrument II) equipped with
diode array UV detector to check for purity of
the peaks of DEHP, MEHP, and DIBP. The
results confirmed no interferences in the
peaks of interest from sample matrices.
Finally, the role of storing ground organ

samples overnight at 4°C was investigated.
The samples were tested on the following day
using a standard solution of 100% ACN and a
single point calibration approach. The relia-
bility and reproducibility of these results
indicate that keeping ground tissue samples
at 4°C (Table IV) does not lead to significant
changes.

Conclusions

The proposed reversed-phase HPLC
method was validated for the determination
of DEHP and its metabolite (MEHP) in dif-
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Figure 3. Linearity plot of peak area ratio versus concentration ratio of analytes over internal standard
(ISTD) at different concentration levels for standard solutions in 100% ACN (A) and liver extract (B).

Table III. Determination of DEHP and MEHP in Biological Samples Using
Standard Solutions in 100% ACN and Different HPLC System

Instrument I Instrument II

Sample
Amount (mg/g organ)* Peak Purity Amount (mg/g organ)*

Type DEHP MEHP DEHP MEHP DIBP DEHP MEHP

Liver 12.9 ± 0.9 127.0 ± 2.1 999.77 992.83 999.21 35.9 ± 0.4 134.8 ± 0.1
Kidney N/D† 20.7 ± 0.1 –‡ 999.81 999.62 6.5 ± 0.1 21.2 ± 0.3
Testis N/D 7.5 ± 0.1 N/D 999.94 999.68 N/D 7.9 ± 0.1
Brain N/D N/D N/D N/D N/D N/D N/D
Plasma 21.9 ± 0.5 77.1 ± 3.0 999.74 999.74 999.72 24.5 ± 1.9 81.7 ± 1.8

* mg/mL in the case of plasma sample.
† N/D = Not detectable.
‡ Not enough data for purity calculations available.

Table IV. Storage Stability of Grinded Organ Samples at 4°C for 12 h Prior to
Extraction

Peak Purity Amount (mg/g organ)

DEHP MEHP DIBP DEHP MEHP

Liver 999.29 999.76 999.44 29.9 ± 7.0 129.8 ± 1.1
Kidney –* 999.81 994.86 6.8 ± 1.5 24.1 ± 2.1
Testis N/D† 999.89 999.64 N/D 7.9 ± 0.1
Brain N/D N/D N/D N/D N/D

* – Not enough data for purity calculations available
† N/D = Not detectable

Sample
Type
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ferent biological samples. The developedmethod gave acceptable
method precision (< 5.00% RSD) when analyzed by different
analysts, on a different day, and using different HPLC systems. A
recovery of more than 95% of phthalate esters were obtained
from the spiked liver samples at five different concentrations
between 4.25 and 24.78 µg/mL. Both DEHP and MEHP show a
linear detection response with a coefficient of variation more
than 0.999. The developed method is relatively insensitive to
small changes in experimental condition, which confirms its
robustness. The validated method has been successfully applied
to study DEHP and MEHP in liver, kidney, testes, brain, and
plasma samples of rat. The results confirm its reliability. The
results of animal studies also indicate that DEHP is converted to
itsmetabolite MEHP in liver, kidney, testis, and plasma of the rat.
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