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Abstract

This study deals with in vitro investigation of the release of di(2-ethylhexyl)phthalate (DEHP) during hemodialysis and
pump-oxygenation therapy using medical grade PVC tubing. High resolution GC-MS analysis showed that the release of
DEHP was time-dependently increased by circulation of bovine blood into a major system for the hemodialysis that is used in
Japan, and the amount of DEHP released into the blood had reached 7.3 mg by 4 h of circulation. No significant difference was
observed in the release patterns of DEHP under the conditions with and without fluid removal treatment during hemodialysis,
indicating that the treatment seems not to be effective for eliminating DEHP from the blood through the hemodialysis membrane.
Mono(2-ethylhexyl)phthalate (MEHP) analysis revealed that a small amount of DEHP (3—4%) was converted to MEHP by
hydrolysis during the circulation of blood. A considerable amount of DEHP was also released from the PVC circuit mimicking
the pump—oxygenation system, and 7.5-12.1 mg of DEHP had migrated into bovine blood from the circuit by 6 h. It was noticed,
however, that the release was obviously suppressed by covalently coating the inner surface of the PVC tubing with heparin,
though this effect was not observed with ionic bond type-heparin coating. Covalent bond type-heparin coating of PVC tubing
seems to offer the advantage of decreasing the amount of DEHP exposure to patients during treatment using a PVC circuit.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction thalate esters do not have a structure likely to bind to
estrogen receptors, and they are therefore not consid-
Many kinds of phthalate esters have been reported ered estrogenic compounds in vividizumi et al.,
to have weak estrogenic activity in vitro, though there 2000. However, some of them are considered to be
has been no evidence of uterotrophic activity by es- toxic compounds exhibiting effects similar to those
ters such as di(2-ethylhexyl)phthalate (DEHP) and of endocrine disruptors in rodents, characterized in
di-n-butyl phthalate Zacharewski et al., 1998 Ph- male rats by antiandrogenic effects on the develop-
ment of the reproductive system and production of
"+ Corresponding author. Tel+81-3-3700-4842: normal spermRoon et al., 1997; Lamb et al., 1987;
fax: +81-3-3707-6950. Tyl et al., 1988, and in female rats by decrease of
E-mail addresshaishima@nihs.go.jp (Y. Haishima). 17B-estradiol level in the bloodJavis et al., 19941
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It has been reported that orally administrated
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profile of DEHP obtained in reports on various devices

DEHP may be absorbed from the gut as a monoester(Center for Devices and Radiological Health, 201

derivative, mono(2-ethylhexyl)phthalate (MEHP), af-
ter enzymatic hydrolysis in the intestineake et al.,
1977. Recent in vitro studies found that MEHP
inhibits FSH stimulated c-AMP accumulation in cul-
tured Sertoli cells and induced apoptosis of germ
cells in coculture with Sertoli cellsHeindel and
Chapin, 1989; Grasso et al., 1993; Richburg and
Boekelheide, 1996; Lee et al., 1999; Richburg et al.,
2000, in addition to reducing 1F-estradiol produc-
tion and aromatase mRNA expressiddayis et al.,
1994; Lovekamp and Davis, 200IThese results in-
dicate that MEHP is an active metabolite of DEHP,
and suggest that any toxic effects of orally ingested
DEHP are more likely governed by the properties

Such data may be very useful for evaluating the safety
of these devices for patients.

It is essential that the exposure amount be precisely
determined in order to evaluate its significance as an
integral part of the assessment of the risk of DEHP
to human health. Although several studies on the re-
lease of DEHP from PVC medical devices have been
reported in JapanMuramatsu et al., 2000; Hanawa
et al., 2000; Tanaka et al., 200the IMHLW recently
decided to re-estimate the exact amount of DEHP ex-
posure to patients during medical treatments with the
major PVC devices used in Japan. In the present study,
which was one of the JIMHLW projects, in order to
clarify safety and evaluate risk assessment, we exam-

of the corresponding monoester rather than by intact ined the release level of DEHP from hemodialysis and

DEHP.

pump-oxygenation systems using a PVC blood cir-

Phthalate esters, and DEHP in particular, have been cuit, and also estimated the exposure amount to MEHP

extensively used as plasticizers as a result of the in-

creased flexibility of polyvinyl chloride (PVC), a plas-
tic polymer used in a wide array of products including

that is an active metabolite of DEHP.
Analytical method having high sensitivity, preci-
sion, selectivity of quantitative ions, and low back-

medical devices such as tubings, intravenous bags,ground are required to determine DEHP and MEHP
blood containers, and catheters. DEHP is easily re- for clinical assessment, and hence most of the con-
leased from PVC products not only into foods but also ventional methods developed up to the present are
into pharmaceuticals and body fluids that come in con- not available in this point. Column-switching LC-MS
tact with the plastic, and the migrated DEHP is directly method recently developed must be very useful for
and/or indirectly introduced into human boddijvod, direct analysis of DEHP released from PVC med-
1986; Loff et al., 2000; Tickner et al., 20pThe gen- ical devices because of the high-throughput and
eral toxicity of DEHP was well evaluated in the latter low-contaminationlfioue et al., 2003a)bin addition,
half of the 20th century, and so far the results of risk as- LC-MS/MS and high resolution GC-MS analytical
sessment to human health had indicated that this com-techniques having high sensitivity and selectivity of
pound is relatively safe to humans. It has recently been target ions may be also available for the analysis.
considered, however, that precautions should be takenFrom these potential methods, we chose high resolu-
to limit human exposure to DEHP, particularly that of tion GC-MS technique that has the highest resolution
high risk patients such as male neonates, male fetusesand selectivity of quantitative ions, as the method for
and peripubertal males, based on findings that DEHP determination of the phthalates.
has the potency to cause adverse effects in young
rodents.

In consideration of these issues, several agencies2. Materials and methods
and official organizations around the world, including
the Japanese Ministry of Health, Labor and Welfare 2.1. Chemicals and utensils
(JMHLW), individually evaluated the safety of DEHP

released from PVC products. The US Food and Drug
Administration has calculated the ratio of tolerable
daily intake (TDI) value to the exposure amount of
DEHP in medical treatments with various PVC med-
ical devices utilizing data on toxicity and the release

The standards, including DEHP, DEHER; MEHP,
MEHP-d; and fluorantheného (F-dig), were pur-
chased from Kanto Chemical Co. (Tokyo, Japan)
or Hayashi Chemical Co. (Osaka, Japan). Hexane,
methanol, anhydrous sodium sulfate, sodium chloride



Y. Haishima et al./International Journal of Pharmaceutics 274 (2004) 119-129

of DEHP analytical grade, dioxin analytical grade di-
ethyl ether, and HPLC analytical grade distilled water
were used in this study. Fresh bovine blood contain-
ing heparin (10,000 U/l) purchased from DARD Co.
(Tokyo, Japan) was used as a solvent to be circu-
lated into the hemodialysis and pump—oxygenation
systems. All utensils were made of glass, metal, or
Teflon, and were heated at 250 for more than 16 h
before use.

2.2. Blood circuits

The hemodialysis system consisted of medical
grade PVC tubing (i.d. 3.5mm), a major product in
Japan, provided by company A, and a hemodialyzer
composed of a combination of polycarbonate casing
and polyethersulfone hollow-fiber provided by com-
pany B. The inner volume of the blood circuit and
the total area of the inner surface of PVC products
including connectors were approximately 140 ml and
950 cn?, respectively. Pooled bovine blood (5000 ml,
Htc. 30%, TP 5.7-5.9 g/dl) containing heparin was cir-
culated into the circuit via a thermoregulator (3)
for 4 h at 200 ml/min employing a widely used pump
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in 10ml increments at 0, 1, 3, and 6 h, and stored at
—30°C.

All investigations of extraction of DEHP from these
circuits were repeated in triplicate.

2.3. Extraction of phthalate esters from bovine blood

For DEHP analysis, samples of bovine blood
circulated into hemodialysis system (100 and
pump—oxygenation system (@0) were transferred
into screw-capped glass tubes, which were filled
up to the level of 1 ml by distilled water. DEH&
(50ng) and sodium chloride (10 mg) were added to
the sample, which was then mixed well and incubated
for 30 min at room temperature. Hexane (2ml) was
added to the sample, which was then shacked for
20 min at room temperature. After centrifugation, the
organic phase was collected and dehydrated with an-
hydrous sodium sulfate followed by GC-MS analysis
described below.

For MEHP analysis, 0.01M HCI (800),
MEHP-d4 (50 ng), and sodium chloride (10 mg) were
added to the blood sample (2@0. After incuba-
tion, MEHP was extracted with diethyl ether (2 ml)

system (JMS GC100), under the respective conditions followed by dehydration, carboxyl-methylation with

with and without fluid removal treatment (15 ml/min)
during hemodialysis. Physiological saline was used
as a dialysate at a flow rate of 500 ml/min, and saline
was added to the pooled blood at the same ratio
(15 ml/min) for adjusting the Htc. value under the
condition of fluid removal treatment. During blood
circulation, the blood samples were collected in in-
crements of 10 ml at 10, 30, 60, 120, and 240 min,
and stored at-30°C.

Four kinds of medical grade PVC tubings were
used to construct blood circuits mimicking the
pump—oxygenation system. Two identical tubings (i.d.
6 mm, length 3 m) were provided by company C, and
the inner surface of one was covalently coated with
heparin. The remaining two identical tubings (i.d.
9mm, length 3 m) were provided by company D, and
one was coated with an ionic bond type-heparin. A
thermoregulator (37C) was set in the middle portion
of each tubing, and pooled bovine blood (500 ml, Htc.
36 + 3%) was circulated into each PVC circuit at a
flow rate of 1.51/min by a pump system (Sarns 8000)
typically used for pump—oxygenation treatment. Dur-
ing blood circulation, blood samples were collected

diazomethane, and GC-MS analysis.

Recovery of DEHP and MEHP from bovine blood
was estimated using &g as a spike substance and the
blood containing DEHRI, or MEHP-d4, according to
the methods described above.

2.4. Measurement of phthalate esters

DEHP and the carboxyl methylated MEHP
(MEHP-Me) contents in each sample were mea-
sured by GC-MS analysis using a JEOL JMS-700
instrument equipped with a BPX-5 fused silica cap-
illary column (Q22mm x 25m, SGE) under the
temperature conditions of initial temperature to
120°C for 2min and then increasing to 300 at
10°C/min. The electron impact (El)-mass spectrum
was recorded at 70 eV for qualitative analysis, and the
ions 0fm/z149.0240 (DEHP), 153.0492 (DEHR),
163.0395 (MEHP-Me), 167.0647 (MEH@®-Me),
and 212.1410 (ko) were selected as the quan-
titative ions in selected-ion mode (SIM) analysis
(resolution= 5000) using the lock and check method
of calibrating standard ionsm(z 168.9888 of PFK).
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Quantitative analysis of each sample was repeatedstandards (DEHR; and MEHPd,;) were used in
six times for calibration lines and three times for the quantitative analyses. From these results, the ex-
the other samples. Preparation of calibration curves perimental LOD and LOQ were calculated as 2.01
and calculation of quantitative data were performed and 3.90 ppb for DEHP, and 0.149 and 0.31 ppb for
by the computer software TOCO, Version 2.0 (To- MEHP, respectively, and the quantitative data de-
tal Optimization of Chemical Operations), practicing scribed below were corrected by these background

the function of mutual information (FUMI) theory
(Hayashi and Matsuda, 1994; Hayashi et al., 1996,
2002; Haishima et al., 2001

3. Results and discussion

3.1. Precision of quantitative analysis and recovery
of phthalate ester

The precision of the quantitative analysis, which is

values.

Recovery rates of DEHP and MEHP extracted from
bovine blood in this investigation were 96t 6.8 and
72.4 £+ 2.47%, respectively.

3.2. ldentification of DEHP and MEHP

SIM chromatograms in DEHP and MEHP analyses
of bovine blood circulated into the pump—oxygenation
systems described below are showrfig. 1 A peak
detected at 16.7 min in DEHP analysisd. 1A) was

described as the R.S.D. or S.D. of the measurements,identified as DEHP by scan-mode El-mass spectrom-

is very important to evaluation of other analytical
characteristics such as specificity, linearity, range,
accuracy LOD (limit of detection), LOQ (limit of

etry in which characteristic fragment ions were ob-
served atm/z 70, 83, 104, 112, 149, 167, and 279.
In MEHP analysisFig. 1B), MEHP-Me was detected

guantitation), and robustness, which parameters areat 12.4 min, and typical fragment ions such ra&

proposed by the ICH guidelinedQH Guidelines,
1996) Although the exact precision is not easy to
estimate in practice, FUMI theory can provide the
measured S.D. of every calibration sample with-
out repeated measurementdagyashi and Matsuda,
1994).

Each calibration line to quantify the concentra-
tion and recovery of DEHP and MEHP was pre-
pared by using DEHRy, MEHP-d4, and Fdjg as
internal standards. All calibration lines had good
linearity (- = 0.999) in the low (0-25ppb) and
high (25-200ppb) concentration ranges tested in
GC-MS analysis. The 95% confidence intervals of
the calibration lines, which represent the error be-

70, 83, 104, 112, 149, 164, and 181 were observed
in the El-mass spectrometry. The retention times and
El-mass spectra were the same as those of the authen-
tic DEHP and MEHP standards.

3.3. DEHP release from hemodialysis system

Release test of DEHP from the hemodialysis cir-
cuit was performed by using the major system in cur-
rent use in Japan. The release profile of DEHP from
the system is shown iRig. 2 Bovine blood used in
this experiment contained 248+ 1236 ppb of DEHP
as the background. Under the condition of fluid re-
moval treatment, the concentration of DEHP in the

tween the calibration lines obtained under the same blood time-dependently increased by circulating the

experimental conditions, were very narrow, indicat-
ing that the precision was sufficiently high. Instru-
mental LOD and LOQ predicted by FUMI theory
from data of DEHPd4/F-dig and MEHPd4/F-dig

blood through the hemodialysis circuit. The concen-
tration of DEHP after blood circulation for 30, 60,
120, and 240 min was shown ifable 1 A similar
amount of DEHP was released from the hemodialy-

standard curves were 0.0204 and 0.6748ppb for sis system under the condition without fluid removal

DEHP, and 0.0380 and 0.1266 ppb for MEHP, respec-
tively. Background analyses of DEHP and MEHP
originating from each reagent and GC-MS instru-
ment showed that .2 + 0.27 ppb of DEHP and

0.08 + 0.023 ppb of MEHP were detected as back-
ground contamination when 50 ng each of the internal

treatment. In this test, the concentration of DEHP had
reached 1748+ 65.1 ppb at 4 h of circulationKig. 2
andTable J).

Hemodialyzers are very utile devices often em-
ployed in the medical field in treatment for renal
failure. Precise evaluation of DEHP exposure is very



Y. Haishima et al./International Journal of Pharmaceutics 274 (2004) 119-129 123

1500000 A) DEHP
1000000 24,793.9 + 530.7 ppb—>
500000
0 . . L : i
0 5 10 15 20
20000 - - 2.4% in DEHP-d,
15000 (0.08 ppb / 50 ppb)

10000 - L

0 T T T 1
0 5 10 15 20
3000000 -
© MEHP
2000000 - <— 713.6+52.3 ppb
1000000 -
0 - A A‘\_ A I" T l 1
0 5 10 15 20
10000 7 (p) 0.16% in MEHP-d,
/ (0.08 ppb / 50 ppb)
5000
0 T T T 1
0 5 10 15 20

Retention time (min)

Fig. 1. SIM chromatograms in GC-MS analysis of DEHP and MEHP extracted from bovine blood circulated for 6h through a
pump-oxygenator system consisting of non-coated tubing produced by company D: (A) DEHP analysis; (B) background in DEHP analysis;
(C) MEHP analysis; (D) background in MEHP analysis.

important for hemodialysis patients due to the frequent of 3.23—-360 mg was extracted from the hemodialysis
necessity of long-term therapy. In vivo and in vitro circuits during a single 4 h dialysis sessidfta(mbia
studies have reported on the release of DEHP into cir- et al., 2001; Faouzi et al., 1999; Flaminio et al., 1988;
culated blood during hemodialysis; DEHP in a range Pollack et al., 1985; Lewis et al., 197/8US-FDA

Table 1
Amounts of DEHP and MEHP detected from bovine blood circulated into hemodialysis system
Circulation Concentration (ppb)
time (min)
DEHP MEHP
With fluid removal Without fluid With fluid removal Without fluid
treatment removal treatment treatment removal treatment
0 248.9+ 123.6 261.6+ 147.6 13.3+ 6.9 14.0+ 6.4
30 441.4+ 55.5 473.4+ 124.9 35.6+ 4.0 30.3+ 4.6
60 606.2+ 28.4 657.2+ 91.8 48.1+ 5.8 429+ 7.0
120 949.9+ 85.3 979.6+ 42.7 572+ 75 54.6+ 2.5

240 1717.84+ 147.4 1741.8+ 65.1 78.1+ 9.2 81.5+ 6.0
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2000 1 3.4. DEHP release from the pump—oxygenation
é system
1500 -

The blood circuit mimicking the pump—oxygenation
system consisted of a pump, a thermoregulator, and
1000 1 o four kinds of PVC tubing in medical treatment in
¢ Japan. The amounts of DEHP released from these
500 - é circuits (i.e. the same setup with the four different

' kinds of tubing) were evaluated. The background con-

? tent of DEHP in bovine blood used as a circulation
0 - ‘ ' ‘ ‘ ' ' solvent was 503 + 69.2 ppb. In the release test us-

0 S0 100 150 200 250 300 ing non-coated PVC tubing provided by company C,

Circulation time (min) a significant amount of DEHP was time-dependently
released from the circuit as showiig. 3 and the
concentration of DEHP at each time of circulation
is shown inTable 2 On the other hand, DEHP re-
lease from the circuit employing covalently bond type
of heparin-coated PVC tubing produced by the same
calculated DEHP exposure amounts of hemodialysis company was obviously suppressed; DEHP content in
patients as 0.02-0.36 mg/kg per day (4h dialysis, the blood after 6 h circulation was 7480t 376.2 ppb
three times a week; body weight 70 kg}dnter for (Fig. 3 and Table 2. A relatively large amount of
Devices and Radiological Health, 200Our in vitro DEHP was released from the circuit using non-coated
study revealed that 7.3mg of DEHP was released tubing provided by company D, and the concentration
from the hemodialysis system over 4 h of blood circu- of DEHP in the circulation blood reached 24792
lation, and the total amount of DEHP was corrected 5307 ppb after 6 h circulationHig. 3 and Table 2.
as 7.8 mg by adding the amount converted to MEHP It was noticed that the ionic bond type heparin coat-
from DEHP during the 4h period. The amount of ing on the inner surface of the PVC tubing (company
DEHP exposure was calculated from the corrected D), in comparison with the covalent bond type heparin
value as 0.067 mg/kg per day (4 h dialysis, three times coating, did not greatly effect the release of DEHP.

a week; body weight 50kg) if the total amount of Several in vivo investigations have been reported
DEHP released from the circuit was absorbed into the on the release of DEHP during extracorporeal mem-
body. This value was remarkably lower than the TDI brane oxygenation (ECMO) therapy, which is used
value (0.6 mg/kg per day) for intravenous injection mainly for neonates in respiratory failungdrle et al.,

to humans proposed by the FDE&¢nter for Devices ~ 1997. In this investigation, a considerable amount of
and Radiological Health, 2091but slightly higher DEHP was also released from blood circuits mimick-
than the lower limit of TDI value (0.04-0.14mg/kg ing pump—oxygenation therapy for pediatric patients.
per day) for oral administration to humans estimated The total amounts of DEHP, including the amount of
by the IMHLW. MEHP converted from DEHP, during 6 h of circulation

In this investigation, fluid removal treatment dur- were calculated to be 7.8 mg (company C non-coat
ing hemodialysis session seemed not to be effective tubing), 3.7mg (company C heparin-coat tubing),
for removal of DEHP and MEHP from the circulated 12.6 mg (company D non-coat tubing), and 10.6 mg
blood. However, since DEHP introduced into the body (company D heparin-coat tubing), respectively. The
is rapidly excreted as gluconide and other metabolites DEHP exposure amount calculated from these value
(Rhodes et al., 1986; Woodward, 1988 portion of was 0.708-0.721 mg/kg per day when non-coated
the hydrophilic metabolites may be eliminated during tubings were used and 0.334—-0.606 mg/kg per day for
in vivo blood circulation through the dialyzer if suffi- the circuits using heparin-coated tubings (6 h circula-
cient fluid removal treatment is performed during the tion, one time; body weight 11 kg). Exposure amounts
session. of DEHP for the adult patient (body weight 50 kg)

Concentration in blood (ppb)

Fig. 2. Release profile of DEHP in a hemodialysis system un-
der condition (O) with and condition @) without fluid removal
treatment.
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Fig. 3. Release profile of DEHP in PVC blood circuits of the pump—oxygenator. Non-coated tubing produced by compaijien@ D
(@), and covalent bond/) and ionic bond Q) types of heparin-coated tubing provided by companies C and D, respectively.

predicted by hypothetically adjusting the size of the

tubing (i.d. 10 mm, length 4 m) were calculated as

0.346-0.352mg/kg per day (non-coated tubings) and
0.163-0.296 mg/kg per day (heparin-coated tubings).
All of these values were higher than the upper limit

of TDI value estimated by the IMHLW.

It has been reported that heparin coating of the inner
surface of PVC tubing is very effective for suppressing
the release of DEHP from the tubingdrle et al.,
1997; Mejak et al., 2000; Lamba et al., 200Q was
shown in this study that DEHP release was decreased
to approximately 50% that of the control tubing by the
use of covalent bond-type heparin coating, indicating
that this coating may be useful to suppress patients
exposure to DEHP.

3.5. MEHP analysis

MEHP contents in bovine blood circulated into
hemodialysis and pump—oxygenation systems were
measured in order to determine the conversion ratio
of DEHP to MEHP in the blood. As shown Ifg. 4,
similar profiles of MEHP detected from the blood
circulated through a hemodialysis system were ob-
tained irrespective of the condition of fluid removal
treatment (i.e. with or without). Amounts of MEHP in
circulated blood originally containing 13+ 6.9 ppb

of MEHP as a background were time-dependently in-
creased; after circulation for 240 min, the contents in
the blood had reached 28+ 9.2 ppb under the con-
dition of fluid removal treatment and &l+ 6.0 ppb
without the treatmentHig. 4 andTable ).

MEHP was also detected in the blood circulated
into circuits mimicking a pump-oxygenation sys-
tem, as shown inFig. 5 The blood used in this

100
80
60

40

20

Concentration in blood (ppb)

0 T T T T T T 1
50 100 150 200 250 300

Circulation time (min)

Fig. 4. Amounts of MEHP detected in bovine blood circulated
through the hemodialysis system under conditi@n) (with and
condition @) without fluid removal treatment during hemodialysis
session.



Table 2

Amounts of DEHP and MEHP detected from bovine blood circulated into pump—oxygenation system

91

18 [euINO[ [eUOITRUIBIU|/ [e 19 BWIYSIeH "A

Circulation Concentration (ppb)
time (h)
DEHP MEHP
Company C Company D Company C Company D
Non-coat Heparin-coat Non-coat Heparin-coat Non-coat Heparin-coat Non-coat Heparin-co
1 4528.4+ 194.0 3140.4+ 429.7 5626.2+ 266.3 5216.0+ 185.3 221.3+ 314 142.8+ 19.0 303.4+ 27.9 479.6+ 5.2
3 8240.1+ 193.0 4734.0+ 365.1 13062.6+ 335.2 10676.1 687.0 302.0+ 22.6 199.6+ 13.1 497.7+ 37.6 626.1+ 10.7
6 15503.0+ 88.5 7480.3+ 376.2 24792.9+ 530.7 20683.2+ 1212.2 416.14+ 26.3 258.5+ 24.3 713.6+ 52.3 696.5+ 21.7

621-6TT (¥002) .2 sonnadeuwueyd
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Fig. 5. Amounts of MEHP detected in bovine blood circulated through PVC circuits of the pump—oxygenator. Non-coated tubing produced

by companies CA) and D @), and covalent bond/A) and ionic bond Q) types of heparin-coated tubing provided by companies C and

D, respectively.

investigation contained.® + 1.0ppb of MEHP as
a background. As shown ifable 2 2213 4+ 314,
3020 £ 226, and 416l + 26.3 ppb of MEHP were
detected in blood circulated for 1, 3, and 6h in the
circuit using the non-coated PVC tubing produced

by company C. However, the detectable amount was cause these devices are essential to save patients

Thus, present study showed the risk that patients
are exposed to considerable amount of DEHP dur-
ing hemodialysis and pump-oxygenation treatments.
However, benefit of medical devices used for the
treatments is obviously over than the risk factor, be-

obviously decreased by use of the heparin-coated life. Although David et al. (1999)demonstrated that

PVC tubing Fig. 5andTable 3. On the other hand,
no significant difference with regard to the profile
of MEHP detection was observed between the PVC
circuits with non-coated tubing and those with ionic
bond type heparin-coated tubing produced by com-
pany D. MEHP of 713 +52.3 and 696 + 21.7 ppb
was detected in the blood circulated for 6 h through
the non-coated-tubing circuit and the coated-tubing
circuit, respectively Fig. 5and Table 2.

MEHP is an active metabolite of DEHP, and there-
fore, given that a portion of DEHP is converted to
MEHP in stocked blood, plasma, and transfusion
blood, evaluation of patient exposure to MEHP is
very important. In this experiment, it was shown that
3-4% of DEHP is also converted to the monoester
during blood circulation for hemodialysis and in
pump-oxygenator circuits at 3T, probably as a
result of esterase in the blood.

DEHP promoted the proliferation and hepatomegaly
associated with hepatocellular tumorigenesis, it has
been clearly shown that the toxic mechanism is char-
acteristic in rodents and no tumorigenesis activity is
observed to humarDpull et al., 1999. Pharmacoki-
netics assay showed that metabolic rate of DEHP
is relatively fast, and 62-76% of DEHP taken into
body is excreted by 24 h after orally administration to
marmosetsRhodes et al., 19§6Furthermore, Japan
Plasticizer Industry Association recently reported the
results on risk assessment of DEHP against primates,
on their web site Ifttp://www.kasozai.gr.jp/in Jan-
uary 2003, that DEHP administrated to marmosets
was not accumulated in testis and did not exert any
testicular toxicity such as testicular atrophy differ-
ent from the case of rodents, suggesting that species
specificity regarding appearance of the toxicity may
exist between rodents and primates. In fact, no clin-
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ical adverse events originated from DEHP exposure
to human have been reported up to the present.
In consideration of these issues, PVC medical de-
vices used for hemodialysis and pump—-oxygenation
treatments seem to be relatively safe to patients, in
addition to the great benefit factor to patients. How-
ever, since the influence of DEHP on humans is
not fully understood, precautions should be taken to
limit human exposure to DEHP, at least that of high
risk patients, originating from use of PVC medical
devices.

4. Conclusion

We evaluated the release of DEHP from hemodial-
ysis and pump-oxygenator circuits comprised of
PVC tubings. The amount of DEHP exposure for
adult patients in hemodialysis therapy did not ap-
pear to be remarkably high, though use of normal
PVC tubing perhaps should be reconsidered if this
treatment is to be applied to patient groups having
a high sensitivity to DEHP and/or facing the likeli-
hood of long term therapy. A considerable amount
of DEHP (well over the TDI value) was released
from the PVC circuits for the pump—oxygenator cur-
rently in wide used in surgery for heart and/or lung
failure patients in Japan. Although the oxygenator
is mainly used for adult patients receiving therapy
different from ECMO therapy, and for whom the
incidence of use is relatively low in the life of a
patient, non-coated PVC tubing for the circuit may
also be exchanged for alternative (i.e. coated) tubing
if the treatment is to be applied to a high risk pa-
tient group even if no significant adverse events have

been associated with therapy, based on the finding

that the amount of exposure to DEHP by the therapy
is over the upper limit of TDI value as estimated
by the JMHLW. One current alternative, covalent
bond type heparin-coated PVC tubing, may be use-
ful for suppressing the release of DEHP from PVC
tubing.

Regardless whether an investigation is in vivo or
in vitro, the release test of DEHP is time-consuming

and labor-intensive. Consequently, the development of Hayashi,

a simple method for predicting the amount of DEHP
released from PVC medical devices is now in progress
in our laboratory.

of Pharmaceutics 274 (2004) 119-129
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